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Antioxidative Properties of Asparagus cochinchinensis Root
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ABSTRACT This study was performed to compare the antioxidative activities of methanol extracts from Asparagus
cochinchinensis with whole root (W-AC), flesh (F-AC), and root bark (B-AC). To evaluate the antioxidative properties
of their methanol extracts, 1,1-diphenyl-2-picrylhydrazyl radical, nitrite, hydroxyl radical, 2,2'-azino-bis(3-ethylbenz
thiazoline-6-sulfonate) radical scavenging activities, and contents of total flavonoid and polyphenol contents were
measured. B-AC extract showed the highest antioxidative activity, whereas F-AC extract showed the lowest. For B-AC
extract, caffeic acid was isolated by preparative high-performance liquid chromatography and confirmed by liquid
chromatography-mass spectrometry and absorption spectroscopy, which showed 1.6% of total polyphenol contents

among all methanol extracts.
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Z¥Z} A A (whole root; W-AC), T3] (root
bark; B-AC), $(flesh; F-AC)2. &2 £2]3%F 3 micro ham-
mer—cutter mill(Type 3, Culatti Co., Zurich, Switzer—
land)& o] &3} 50 mesh® E23F t}& 80% Wer& =2
25°C, 12417 33] F33+ 3 filter paper(No. 2, What-
man, Maidstone, UK)& o] }3}91 31, o]zl ofhe 7iols
= 7](EYELA N-1100 series, Tokyo Rikakikai Co., Ltd.,
Tokyo, Japan)ol X &% & 2 Axste] A A8}
ot
gitst 2 =3

Free radical &7 &4 $4: 50% °leh-&ol &3 5

E 100 puLet 60 puM 1,1-diphenyl-2-picrylhydrazyl
(DPPH) 100 uLE 96 well plate®] ¥ ¢ &§3}aL 4
3to] A2 A 303 WA AIZ] th& microplate reader
(Tecan Sunrise, Hombrechtikon, Switzerland)& A3}
o] 540 nmolA FFEE S0t AlRE H7tshA &
& iz 7 vaste] DPPH 44 &35 JeRlAch1D).

Nitrite £7%: % £ nitrosoamine A< 7
TAZ ZgeE ol A A (nitrite) 2] 2AS S SAHS = W
He O 2(12,13). oA ESR(1 mM NaNOy) £
of T mLell A% 2 mLE 43 0.1 N HCIS AR&-8fo] ¥k
_Q_oﬂg] DH_E_ 1.2 %A o}oﬂg]_ u]-&g.w/l ,_[_.j]% 10 mL
2 24 D.W H7P3 F 37°Coll A 1417 &3 vkeA17| 2
test tubedll 1 mLA A& th5 2% 24H8 N (acetic acid)
5 mLE H7bstal AR A xdo] ZA|g Griess A19H(30%
acetic acid® ZA|3t 1% sulfanilic acid®} 1% naphthyl-
amine< 1:1 H]%i Z3tsk A1) 0.4 mLE 7}8to] & E3tsh

T 1587 l &Fal 540 nmell M FF=E SAsko] Hol

A of ”“} T3 ZET= Griess Al 9F thAld

5T 0.4 mLE 7}0}04 A7)l W o 7 A A&t}
N (@)=(1- —2=5)x100

N: nitrite scavenging activity
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: absorbance of 1 mM NaNO: added sample after
standing for 1 h
absorbance of 1 mM NaNOg

C: absorbance of control

Hydroxyl radical &7 %: Hydroxyl radical(-OH) A
762 Chung 514l whe} v g=Faiqict. s 5
W $ZF%S PBS buffer(pH 7.4)9 &8 A& 175 plol
10 mM FeSO,~EDTA 25 pL, 10 mM deoxyribose 25 uL,
10 mM Hz0 25 uLE 7kste] 37°Col A 4417t 52t vk
Al AT 2.8%(w/v) trichloroacetic acid 250 uL®} 1%
(w/v) tribarbituric acid 250 ulL.& 7}l A ¥+
A F YA e 540 nmoll A FF =S S350
o ARE HUbehA] #2 vixw vlwdte] hydroxyl
radical 224 AIE YERSIH

% §43)%5 (Trolox equivalent antioxidant capacity,
TEAC): & d4tsls2 TEAC oz Yeliiem(15),
7 mM 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfo-
nate)(ABTS)9} 2.45 mM potassium persulfateS &3¢+3}
o] ABTS radical cation(ABTS- )E TH5o] 12A4)13F o)A

HAF 5 734 nmell A FF =7} 0.70£0.027F == 5
mM PBS(pH 7.4)= =4 g

= o+ A ARgaT 20
uLel A 29} Trolox(EFE )] ABTS:” €9 1 mLE #
7}ated 734 nmoll A 657 SRS =45 Awe &
a3l s Trolox 3
o 25E ot

B:

Eaiols
TEUE -
S Poi‘:}(IG) |
ethylene glycol 1 mL
ETLF 3T°CAA 144
w2 S o &
o] &3k el o3 74]1‘1'0}934.
FZ2YHE e Folin—Denis‘?j%
AR ATHLT). s F9H F5E 50 uld
ulL, Folm—Clocalteu /~] ¢F 100 L& &3tsto]
s HLX] 10%(w/v) NasCO3 &< 100 plL¢} =7+
A7bstel 2 43 Aol A 1"]7]’ W2 g thg
nmoﬂ A FFEE A o
caffeic acidg ©]-&3 A= 9]3H A3

o )|||:|

ﬂ UOK'

Lol 90% di-
= 7)eta #
420 nmoﬂf‘i %

L querceting

L
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shitst SEo| 22|
AET WS 552 20% HegS2 3A35ke] sy-
ringe filter(0.45 pm& ZEH 3 & 100 mg/mLe] A& E

Sep—-Pak plus cartridge C18(Waters Corporation, Milford,
MA, USA)e F=4& * FFF(Fraction 1), 30% "&Et<
(Fraction 1I), 50% W€t (Fraction M), 100% HI&h<
(Fraction V)] 8o 2 Jro] AFL3+9t) ©]3 prepa-
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rative HPLC(LC-forte/R, YMC Co., Ltd., Kyoto, Japan)
£ o] &slo] Filsl o] =2 24 S EY3GTH AlEE
10 mg/mLe] =% 30% " et 343} syringe fil-
ter(0.45 ym)=2 ZEHH I F YMC-Triart C18(10.0 mmX
250 mm, i.d. 5 pm, YMC Co., Ltd)ol 98331, diode-
array detector® AF&3}e] 220 nm, 270 nm % 320 nmoll
A s on, o]l 5402 0.1% formic acidE g3
32} & F<(solvent A)2} acetonitrile(solvent B)& AF-&
atoitt. o] E7del F=HlE 0~20 min B: 10—-20%, 20~
40 min B: 20—100%, 40~60 min B: 100%% 3} 4.7
mL/min f%22 &3},

Thin layer chromatography(TLC) £

Silica gel 60 F254(Merck, Darmstadt, Germany) TLC
plateZ 110°C 7 %”](Chan Shin Scientific Co., Pocheon,
Korea)dl Al 1A1%F &<t 843388 § A58 247 20 ul™
spotting }%] chloroform : methanol : distilled water(14
6:1, v/v)8 &ulE AbEste] A2elA At TLC
plate AZ3 & 254 nmoll d|Fst= UVE FAFse] UV
FAE T8 EEES B4, o]l 0.3%(w/v)
N-(1-naphthyl)-ethylenediamine® 5%(v/v) H.SO,Z
k-3 methanol solutionol] T+ 3 110°C AZ7]<A 10
1t 7rgste] B sEITH(18).

HPLC £4

Photodiode array detector(PAD)®} charged aerosol
detector(CAD; ESA, Chelmsford, MA, USA)7} 14+
HPLCGLC300, Interface Engineering Co., Ltd., Seoul,
Korea)oll YMC-Triart C18(4.6 mm>250 mm, i.d. 5 pm,
YMC Co., Ltd.) Z#S o]&sto] HPLC #£415 383l
t}. 1 mL/min®] <% 2 = preparative HPLC9} Z&-& &1
o2 BAS Agstglon, tolg B4 3 ZRAAE
Clarity™ chromatography software(DataApex, Prague,
The Czech Republic)E& AF&3}3 T}

LC—-MS E4

Hybrid quadrupole time—-of-flight(Q-TOF) mass spec—
trometer(6530, Agilent Technologies, Santa Clara, CA,
USA)E Agilent 1290 Infinity HPLC system(Agilent
Technologies, Waldbronn, Germany)oll &3 Z3}o] #2435}
Fom MS A9 =748 ESl(electrospray ionization)=
negative ion EEAE| oA gas temperature 300°C, gas
flow 9 L/min, nebulizer pressure 45 psig, sheath tem-
perature 350°C, sheath gas flow 11 L/min, VCap 4,000
V, fragmentor 120013, 42 0.5 mL/min, injection
volume< 3 uLE AF&-3FITh dlolE &4 3 T2 A ~e
MassHunter Qualitative Analysis Software, version B.
0600(Agilent Technologies)S AF&-3}ith.

1

BE EAEALS SPSS Ver 14.0 software(SPSS Inc.,
Chicago, IL, USA)E o] &3to] 2t 4+ Ja 3 x4
25 AbEstal M7 1re] 2ol f-H-E one-way ANOVAZE
243k 5 Duncan's multiple range test® o] &3} X
0.059] HHA o4& AT

= = =
HES 2oy SMst By
80% MetE = FE3 AW

T A9 F=5 7852 Table
13 231, % 55 £F-AC)°] 79.1%, A AA(W-
AC) 62.8%, <3 (B-AC) 12.0%9] =450, F-9lo u}
2 i3} DAL free radical 27%, nitrite 27%, hy-
droxy radical 275 % T4kt sS SH skl 4519
t}.

Free radical 2752 DPPHE ©]&38|4 #2435} Table
20 YJeERHR oW, thZT 0 2= ascorbic acid®} BHAE
AHE8F3ITE DPPH 42752 9] 82.11%, 11+ A 18.38
%, 25 H-i- 8.58%F s A AA o]l 7H wokoe
, ole gk A2 vj(19)9F ol d WM (20)9] F-9H &
EollA A4, WA, & F=AUE DPPH &tz &A
< A}t fAReE Aeks JERISITE ek e
d2of WZH2Det Avts(22) &5, UE(23), 4
(24), A7(25), GH26) A = HA F-9171 Soll va)A

275 vdEbdS & Atk AEsH o HE

& HEE FEE9 49 1 mg/mLe F%=ol4 DPPH

Z 2A%0] 28.91%% A HluwElS W(27) MEF
o] DPPH g}tz &750] Ao o2 978 2l
g 4 AT

Nitrite 275> DPPH radical 2453 A 43S
ety ley 9= A o2 DPPH radical 471 %
Hlgl] & v, A A9 Sl oM FH R =
& 2A%S YERAtH(Table 2). o]# 3+ 732 BxH(28)
ol A, HAAME FAG B3-S e o, HE(Sta-
untonia hexaphylla)(23), ©7H26) = A do] &Kt}
F2 oA A75E YEAT 58] 22 Wt

AEQ WiEE A2 929 WEE FE=E 1 mg/

oY 2 HF dn oo off me E

O Hd o

o 1z

¢

mLe| FZoA oldikd AT 47 33.67%, 44.40%
2 ARE 23 2919 ohdid £A%l § ¥ &2 Y
F Ak

Table 1. Yield of dried Asparagus cochinchinensis root extract
by 80% methanol

80% methanol extract

Yield (%)

Root bark (B-AC) 12.0+0.3
Whole root (W-AC) 62.8+0.7
Flesh (F-AC) 79.1+0.6

Values are mean+SD.
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Table 2. Antioxidative activities of dried Asparagus cochinchinensis root extract by 80% methanol

Samples DPPH radical Nitrate scavenging Hydroxyl radical TEAC mM
P scavenging activity (%) activity (%) scavenging activity (%) Trolox equivalent (%)
B-AC" 82.11+0.85" 65.51+0.59° 46.92+0.81° 8.53+0.00 (99.89-+0. 06)
w-ACY 18.38io.74: 42.74%0.20" 38.5310.452 7.53+0.01 (76.70+0. 37)
F-AC" 8.58+0.42 35.76+0.34° 34.73+1.06 7.17+0.01 (68.170. 13)
BHA 84.8010.423? 70.32:&1.10b:) 8.49-£0.00 (99.01%0.04)"
Ascorbic acid 84.31+0.52" 73.85+0.20" 8.52+0.01 (99.73+0.33)"

Trolox

55.32+0.45"

Values are mean=SD.

“*Means with different letters in the same column are 51gn1ﬁcantly dlfferent by Duncan's multiple range test (P<0.05).

"The concentration was 1 mg/mL; 25 png/mkL; 5 pg/mL;
s A9 59" hydroxyl radical £271% < Table
29F Zom, 3] 46.92%, 1<+ A 38.53%, & 34.73%

velgth, dd¥kA 9l hydroxyl radical 274 %< DPPH
radical 227 94 nitrite 2275 °] A7} T2 A 2 e
o Fojo whE Apol= A gtk s A WA
% 05"]: F=% A7) = -OH 2A%°] 50%(6 mg/

)R BuEi 9l oef Hlud A9 HiEs wehs

—%% 9] hydroxy radical &~7%5°] AtjH o= \io e
& = olom, Fa Ze Ml Anps(22) e &
& 1 mg/mLollA -OH 475 0] 33.60%<1 A3} H]aLs}to]
T AT A4, JA B9 -OH 2A%5°] ¥ =58 g<
g 4 Atk

AEs A9 9 wE ABTS Yol 2AF5S
Trolox &34 3} H]M-O}Oq Fisl S 54 A9

Table 29} #om™, &3 99.89%, A+ 14X1 76.70%, %
68.17%2) =42 et DPPH 2t 2 275, nitrite £
s, hydroxyl radical 2752 239} vl7HA 2 3
7} 7MY =2 st e S Roly & Rio] M e &
FArsteS YAtk ol # g AEke ol A W (20)¢]
T oeg FEEAA A4, AA, & =4 dE ABTS
Fol& 750l w2 Aol FARE &S YERATH
wgk gbell dA st Axg S4FTH30)9] S F&
= ABTS ol 27%5°] 66.12%% AY} vlushsl-s o,

AT P9 FHE ABTS Fole &A% o $53
2 g8 & A9k

EofR-olE U Ezhs st

ZH ol == C6-C3-C6E 7|EE2 o
tochemical2 ofg] 7}A] 2§ 9 k& 2]
o HagasiA g #ges B

32). AEF 2 %"M e FEHEwolE FEFe
Table 3ol YERHAT. FEeFRwol= T2 3] 2.03

mg/g, AA 0.56 mg/g, & 0.29 mg/gl. = <39 =T H
ol ghere] vk 7o) A% A ek, oleld 49
2 (199 -9 FEEANE A 4 FS UES
), "E(23), ©@3H26), F3H22) B F2H33)e] F-9E F
ZENE AA BEo| £ Buwur) o we ko] Zgkn

9150 pg/mkL;

250 pg/mL; 9500 pg/mL.

Table 3. Total flavonoid and polyphenol contents of dried
Asparagus cochinchinensis root extract by 80% methanol

Contents (mg/g)

Samples -
Total flavonoid  Total polyphenol
Root bark (B-AC) 2.03i0.07z 13.38+0.16"
Whole root (W-AC) 0.56+0.02 3.5140.03°
Flesh (F-AC) 0.29+0.04° 2.9240.12°

Values are mean+SD.
“*Means with different letters in the same column are signifi-
cantly different by Duncan's multiple range test (P<0.05).

wolEE e 9ee ¢ 4 AUk B ARE A7
A FEE®)F Ar=22) JEs FEEY FETEx
o= ol 77} 642 ng/gT} 0.96 mg/100 g0 2 AEF

o+, A JA F Sl AR 9 B g FETHE =
EAo] EATS AT = AU

Y95 AE Y EA8kE 23 dAbE F =
phenolic hydroxyl 71& Ef3ta o2z A el rad-
icaldl 4% 9J3l9 radicalS AATO2ZH 23] A
285 YeEtH (34), dlsA SES dEdne)dd, &
dzelE Askae, ARAE, P9 DS e 5 o
gAY E Ve S T E AoRE G ATHEY). diEE
Aol -9 Ziﬂiﬂ shgte 2 v 13.38 me/e,
AT AA 3.51 mg/g, & 2.92 mg/gd &MAZE HAEQl
BEFe FEYRolE 3T FASIG oH, FET R -
1= FheFoll A 8} 2Fo] uli(19), ol A W (20), &=ol Hlz}
(21), FE(23), A7(24), AH7(25), ©7H(26), BWAH28),
ZH33) TAAME FAFSHA FA Fito] & FiHt F&e
a&o] o =S Ads 14'E]rlﬂ V/P wgk JEs A
E=(8)3 Ank=(22) o &
459 nug/g¥} 0.87 mg/lOO o7 HiE &9,
ol AX ] B Y ZElulE o] EA

A

col EAsHE Eoldne) g Beh
of whzbA 6.30eIA 100 A% e o
oH, kel 4% DPPH 2tz &

s, hydroxyl radical &7 %
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& HAEFo Ao EA5tE SEH olEAEe] EAE 9] DPPH radical &7 %9l Fraction II¢] Fraction
i ZEuEAe] 242 aEn s sgEe] ¥ DRt fFoHo s A% $45 18T 49 Fraction 1I
A8l F8S 98t C18 Al o] #H g ol &ate] A & o] &sto] kst E4E et =4S GAskE o]
& Pt s fEd Aoz fasgic
TLCE o]&sto] 34 &84S 24 A3 Fig. 19
StAtsE 2Zl0| B 9l =X A B ukel o] A, A AA 9 el BEHE v
Sep-Pak C18 cartridge ©]-&-3te] gk F ol we} g el Es vedlod, 44 #2819 Fraction 119
47119 Eg oz #e|ste] Fraction [ ~IVZ 228 $ 7t UVel St dalof A fAgubag FAIG o] EQx o
3l e] gabs} gAds Elstr] 918 DPPH radical &7 tE 83 ApolE UERIITE BEF, 23| eF Lol A e
S Ao, w3 7} BE9] F&ES SAHT A gk Fraction 1§ HPLCE ©]&3to UV 320 nmet CADE

3]

1 =1
Table 4°F 2t} &3] 89| gtz &A% 250 ng/mL o] g3le] B3 Ayl Fig. 29 A~De} #Zow 39
9] FX\A Fraction I ~IV7} 242+ 7.56%, 82.70%, 96.69 Fraction I7} 49 Fraction DXt} Adgid o=z UV ¥

%, 74.95%2 ZA ¥R e, ¥2¥ £ Fraction? o)z CADOA AZE+E o] Aizlog Wi e 7tsAE
2% 250 ug/mLe] wEY W 747 E4F, 9.07%, Z AoR FdaEr). ol Ag vgoR AE 9w
70.84%, 0.42%A T}, LollA F-918 weS FE5&29] 4t WHoll A 7143 HH S ©]-&3}9] Fraction II & preparative
5ls Ao} npR A2 2yl o] E3o] 4o Eilnt) A HPLC®E 570¢] sub—fraction®. 2 E3a}9l o, z}z}e] 3
Z o7 =& DPPH radical 27%5& et 23] 3 Atk dAe SA% Ay 5984 fractiondl A 7HE E2

Table 4. DPPH radical scavenging activity and yields of 4. cochinchinensis root bark (B-AC) and flesh (F-AC) separated by Sep-Pak
C18 cartridge

B-AC F-AC
Samplesl) DPPH radical scavenging . DPPH radical scavenging .
activity (%) Yield activity (%) Yield
Fraction I 7.56+0.86" 70.18 ND? 79.30
Fraction I 82.70+1.30° 4.70 9.07+0.34° 3.93
Fraction 1I 96.69+0.00" 1.25 70.84+1.36" 0.23
Fraction IV 74.95+1.67° 3.15 0.42+1.94° 3.60

Values are mean+SD.

““Means with different letters in the same column are significantly different by Duncan's multiple range test (P<0.05).
"The concentration was 250 png/mL.

?Not detected.

A B

1il.
1 2 3 4 2 3 4 1 2 3 4 1 2 3 4

B-AC B-AC W-AC F-AC

Fig. 1. TLC analysis of fractions separated by Sep-Pak C18 cartridge. A, visualization with N-(1-naphthyl)-ethylenediamine and
5% (v/v) HoSO4 and B, visualization at 254 nm. B-AC, root bark; W-AC, whole root; F-AC, flesh; 1, Fraction I; 2, Fraction
I; 3, Fraction II; 4, Fraction V.

1




ALs Fidst 5+ 529

100

=) A
E 801
5
5§ 60
N
™
® 40 4
[0]
2]
3 20
s ]
[0
2
> 0 4
s |
500
B
— 400 -
>
£
© 300
[72]
5
8 200 4
7]
[0]
Id
a 100 -
<
O
0_
100
5
= C
£ 80
£
S 60 A
N
™
® 40 4
Q
2]
5
S 20
0
[0]
o
> 0
o
500
D
— 400 -
S
£
o 300 -
n
5
& 200
7]
[0]
Id
a 100 A
<
O
0_
200
=3
2 E
E 450 4
£
C
o
N
© 100
©
[0]
(72}
c
g 50
[0]
o
>
> 04 -Vvv\rv
0 5 10 15 20 25 30

time(min)

Fig. 2. HPLC chromatogram of separated fractions from A. cochinchinensis root bark (B-AC) and flesh (F-AC). Fraction I from
B-AC at UV 320 nm (A) and with CAD detector (B), and Fraction I from F-AC at UV 320 nm (C) and with CAD detector
(D); Sub-fraction separated from B-AC Fraction I at UV 320 nm (E).

DPPH radical 27%< Ued o, Fig. 2Eol| A ¢} 7o) slo] e 7oA LC-MSE #2413 A3} Fig. 3B9} £&
HPLC oA @ 335 Yepfit. AFEA HES dehder =3 HPLCE 200~400 nm

FEd B4 545 9l8ke] LC-MS9] negative ESI o] F 2~ ERS vlagk A3 22 HES vEhdol(data
modeZ o] &3] 2493 A3} m/z= 179.095 e o not shown) &3 ¢] &4itsl &4 vepdle A4 EZ
(Fig. 3A), °o]+= [M-H] ol si3dsl= Ex3Fo g2 1809 ¥ L caffeic acid® FHEHATE HEF 23 o] EA5}= caf-
A} eFS 2k caffeic acid® FA E A1, caffeic acidE o] & feic acid®] L 0.209 mg/go.& Zylo EAjsls =&
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Fig. 3. LC-MS chromatogram of sub-fraction separated from B-AC Fraction I (A) and caffeic acid standard (B).

o= FFe] 1.6%° adstsitt. Caffeic acide hy- doiHom £ AS G 5 Ao, o3 A=
droxycinnamic acid A9 2 g2d BIAAA F a3 Ado EA5l= ZuE 3 23 Aoz BEQ
A= elm(36), &, ofAl, 719 B 2 5] thdd A& ok g4 EAeE ks @4 E3dE HPLCE ©] &3t
frefel AEel F5-e BEARA IS, e, dvtoly s, Eestar A A9 ejade] A Sas dyEd
FAdA Y ABAE BT g3 5o Ay@de] de slew ?l caffeic acid7} =8 4kst &4 Edol)lon, ot
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