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Abstract

This study was performed to determine the antioxidative and anticancer effects of extracts from Adenophora remotiflora
leaves. The antioxidative effects of the extracts were measured using 1,1-diphenyl-2-picrylhydrazyl (DPPH)-radical sca-
venging activity and hemoglobin-induced linoleic acid oxidative inhibition assays. The results indicated that the extracts
had stronger effects than the synthetic antioxidant BHT at the same concentration. The SCsp values (50% radical
scavenging effect on 1x10™* M DPPH) of the methanol fraction, water extract, and BHT were 47.5 pg/mL, 746 pg/mL
and 102.2 pg/mL, respectively. In addition the 1Csy values (hemoglobin-induced linoleic acid oxidation inhibition) of the
methanol fraction, water extract, and BHT were 120.8 pg/mL, 1356 pg/mL, and 150.2 pg/mL, respectively. This re-
search also assessed decreases in the survival of BNLcl2 cells (normal liver cells) by solvent fractions of the A. remotiflora
leaf extracts at various concentrations (1, 5, 10, 25, 50, 100, 250, 500, 1,000, 2,000 gg/mL). The water extract did not
decrease survival at any of the concentrations when compared to the control group. The hexane, ethyl acetate, and
methanol fractions decreased survival as compared to the control group by inducing cell toxicity at a concentration of
1,000 pg/mL and above. Therefore, an anticancer activity experiment was conducted using concentrations below 500 yg/
mL. At 500 gg/mL, the methanol fraction decreased A549 cell (human lung carcinoma cells) surviva by 46% as com-
pared to the control group, presenting the greatest effect against cell survival. All extracts showed greater anticancer
activity in Hep G2 cells (human liver carcinoma cells) as compared to the A549 cells. For the Hep G2 cells, the methanol
extract decreased survival by 28% as compared to the control group at the concentration of 500 pg/mL, thus restraining
lung cancer cell growth.
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Table 1. DPPH-radica scavenging activity and SCsp of various solvent extracts from Adenophora remotiflora leaves and

control (%)
) Treatment concentration( . g/mL)
Sample SCso
5 10 20 50 100 200 500
HF 003+006°  0001+00005° 330+0.82° 10.73+1.13" 14.47+1.02° 2163+1.36° 26.30+1.81° 85946
EAF 243068 637 +1.41°  1413+095° 2230:0.70° 20.63+087° 34.40+687° 5817653  383.05
MF 18.07+2.00" 3037 +1.58°  4257+250° 5543+150° 67.07+200° 8117+202° 83.03+1.000 12611
WE 15.07+2.00° 2603 +1.96"  30.60+2.05" 4353+158° 5593+1.68" 68.33+140" 7637057  194.89
«-Tocopherol  80.07+1.00° 8507 +2.000  89.77+248  9823+0.75 99504050 99.50+050  99.33+058° 5/
BHT 747+136° 1317 +1.00°  1837+1.8° 3637+1.80° 4863+0.87° 5543+068°  69.43+150° 262.78
F-value 1426.93" 127388 797.78" 163455 1587.60 27243 236.88"

Y HF : Hexane fraction extract, EAF : Ethyl acetate fraction extract, MF : Methanol fraction extract, WE : Water extract.

Vaues are meantstandard deviation(n=3).
™ p<0.001 by One way ANOVA.

Different superscripts in the same column indicate significant differences by Duncan's multiple range test.
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Table 2. Antioxidative activity of various solvent extracts from Adenophora remotiflora leaves and control in hemoglobin

induced oxidation of linoleic acid (%)
" Treatment concentration ( .« g/mL)
Sample” 1Cs0
20 50 100 200 300 400 500
HF 0.03+0.06°  0.001+0.0006° 350+0.61° 9.97+1.16° 13.43:0.67° 1897+1.82° 24.40t154° 1029.39
EAF 6.63+1.36° 11.30 +1.75° 1650+145° 26.73+1.61° 30374242 3150+164° 43.00+2.72° 58736
MF 255041618 3633 £2.30°  47.40+220° 5593+0.93° 8197+150° 88.63+138° 88.71+097  177.27
WE 1849+0.78° 3036 +1.72%  4252¢124° 6850+0.89" 76.30+0.89° 84.28+1.32%° 8587+1.63 19140
a-Tocopherol ~ 90.71+4.05°  99.67 +0.58' 99.00+1.00 9867+153 99.60+0.61° 99.63+0.40° 99.35+0.56° 5|
BHT 1513+1.98° 2407 +200°  3852+1.03° 60.99+2.80° 7131+1.84° 83.36+152° 86.20+1.19° 21145
F-vaue 76951 140007 1790447 1123137 143635 169398  1079.11

Y See legends in Table 1.
Vaues are meantstandard deviation(n=3).
™ p<0.001 by One way ANOVA.

Different superscripts in the same column indicate significant differences by Duncan's multiple range test.
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225 pg/mL olstellAe izl Hls) A% A FES 76.90%0] AEES Ko, e F8E0| HE &
& 4 W7l iAo, 50 pgmL oPdelXe F= o&d  Eo HlF| Hot AlE AESS JAATIE A= UrE}b%E}
E&o] A=Ak 183 500 pg/mLoA o"el A FAMA AAA EE FFE] A549 cdldl] tigt 3
HolE B EL2 62.97%, Mete EEE2 4551%, & 5 & 4J(Song et al 2003)S ZAFE Ao A= 100 mg/mL

Table 3. Cell viability of BNLcl2 cells (norma liver cells) exposed for 24 hr to different solvent fraction of Adenophora
remotiflora leaves

Sample”
HF EAF MF WE
Conc. (xg/mL)
Control 100.78+1.03 100.88+1.80 101.45+2.90 100.35+1.30
1 107.90+2.35 104.23+8.42 101.73+1.91 100.90+4.80
5 101.57+2.00 111.90+8.12 106.73+6.27 108.57+4.61
10 105.90+8.17 121.17+5.39 104.90+3.66 114.50+9.26
25 103.13+7.73 127.23+2.54 102.47+6.59 118.80+3.34
50 117.77+8.21 116.73+4.90 103.10+7.12 123.08+5.73
100 141.33+4.72 138.73+5.09 109.03+4.72 118.57+9.48
250 136.23+8.95 135.03+7.64 100.80+5.76 105.03+4.29
500 99.20+5.90 99.03+5.66 98.40+1.01 100.07+0.99
1,000 94.67+2.32° 93.63+0.67 92.70+2.61° 98.40+1.20
2,000 84.92+41.68" 87.83+2.76 87.57+1.22" 97.57+0.60

Y See legends in Table 1.
Vaues are mean+standard deviation(n=3).
T p<0.05, 7 p<0.01, " p<0.001 significantly different from control by T-test.

Table 4. Cdl viability of A549 cells (human lung carcinoma cells) exposed for 24 hr to different solvent fraction of
Adenophora rematiflora leaves

)
conc. (rg) Sample HF EAF MF WE

Control 100.35+1.53" 101.13+2.87 100.72+1.87 100.53+1.64

1 104.44+4.56 101.57+4.40 100.88+4.95 101.42+2.81

5 99.52+1.30 102.72+4.76 98.94+4.58 98.02+3.81

10 99.26+0.87 102.7645.83 99.53+1.69 99.70+5.30

25 98.95+0.36 98.08+1.32 96.79+2.10 95.69+2.76

50 98.72+0.24 85.08+1.45 96.44+1.53 94.95+2.58'
100 97.36+1.46 77.30£1.25" 88.21+2.59" 88.08+2.12"
250 73614119 71964258 57.2443.26 83944220
500 66.63+2.49 62.97+2.80 4557048 76.90+1.46 "

Y See legends in Table 1.
Vaues are meantstandard deviation(n=3).
T p<005, 7 p<0.01, 7 p<0.001 significantly different from control by T-test.
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FrolA AlE AR JAlEo] 16%E YERY, B Al57) AB49
calol] thk et EAdo] =2 Z o=z Yeht 1 7] st
F5 A7t 87EHA

Hep G2 cell 1Mol tigh &9t &2 Table 59 2
ok A FYE 25 pg/mL oSl A = il HIs <
2Rl AEES Wzt glloL, 50 pg/mL o dolAe AE
$o] AslE o] 500 pg/mLE 51.66%2] HESS Btk o
ol g o|E EHEL 10 pgmL ©]3toll A= thzzTel H]
3 212l &S] A} gllo, 25 pg/mL o) ol A
= AEE0] AstE o] 500 pg/mLollA 30.32%°] AEES
HAT ghe B3 EL T oEH o7 AYEFo] A5}y
o] 1 pg/mLolA R t2ael Hlg] 242 BE&2] W)
7F 91431, 5 pg/ml o) dollA] AEEo] Aol 500 pg/mL

= 27.86%9] HEES HYth B FEEL 5 pgml ©]3}l
A gzl Hlsl fF2)2Q0 AEE] Wt f1slen, 10
pgmlL ool e AEEo] A35E o] 500 pg/mL= 35.69%

o AEES B &, B2 FEA AEE AstE B
Ae vegrs FYE, & FE5, dPoMHolE £YE,
2F BEE ook 28)al 500 pg/mLolA AEES He
< BYEo| 7P @9k, oo ECIE B85, B FE5,
A BYE Foldth T 2e g BAQ EYES
8]3-S wl A549 cell 2tF Hep G2 cdloll T wH& F=o
A AEES] AsHE Hol7] Al&etdom, aEE(50 pg/mL
o/l e 22 e} stolE ¢ we AESS Ko 7
A EFHET 7|20l T %é o] FAS Y F AN
) &3 o] AFo 221 A8 FEE A T EA = AE

sotAloh kT EE

XS Holx| = HLAA UL AiNTable 3)°]== A
& gt @ 4 ok A FAHA ZHAA o gk
%%%91 FF AEZFR] SK-Hep-1of] tist ¢+ &4
2003)¢] A= B 0.01 mg/mLolA] 5% HE
=4S i{lé}; 0.1~5 mg/mLe A= AE A AAE0]
20%, 50 mg/mLE 42%2] 7} =& AE A% dA&S
BRI Achar shdth o]Z Kol 2 Ajgrt g FAHA R
H S A} v IR 2 20 Mol A E Fheh &Ago]
o 2 A0 E YERT Bl 4AF e ves =
Eo| Ik doHolE, kg, % HEERY st =
e, HAHEF AB49, 7FHA EF2] Hep3Boll thalA]
500 pg/mLollA Z+2}; 56%, 50%2] A4 oA &3S el
2AHLee et al 2003)7 3Fod B A2 BA)Y WEke 23
Eol o] 4ol & Ao eyt &el tish detdel
3k AT7E B Hwang et al(1998)2 2:9] oA E EIE
o] 21A9] 7k MEF2] Hep G2, A AlEZF2] HCT- 48

ae]a AF frel B8 JEA S 112109 #A 3]
=& MIE F2 oA 595 etk Basleith =
g Lee et al(2004)= APEEe] ogHE %%%01 SHF F
ZERHT} QA HYAEF A0l 3l = AE 3 o
A &35 HAtal sHATE Kim et al(2007) Q1A1e] WE
B G AEF HL-600] T3] ZuZe] tZz2ve 23
Eo] a2k odolAHo|E, BEre, B BIEHT} Edo) =
o} 200 pgmLellA] 86% B& 4% A &5 e Atk

3FT) Lee et al(2008)& AMd&o] QA A AR Ao
AEF Helaol Feh& 292, oldoME|o|lE E8&, v

Table 5. Cdl viability of Hep G2 cells (human liver carcinoma cells) exposed for 24 hr to different solvent fraction of

Adenophora remotiflora leaves

Sample”
S HF EAF MF WE

Control 103.16+1.80" 103.54+2.37 101.88+2.77 102.88+2.10

1 103.80+3.37 102.96+3.11 98.79+0.70 103.20+2.72

5 101.79+8.84 99.42+2.05 95.15+1.59' 99.09+1.74
10 102.67+2.38 99.48+5.39 85.34+1.88" 95.82+053"
25 99.56+0.62 96.76+0.75 " 81.35+0.65 90.21+0.12™"
50 92.10+0.87" 87.85+1.95" 80.23+0.76 84.1142.17"
100 80.99+1.44" 71.38+340 " 67.48+1.19" 66.06£1.59
250 71.26£156 50.48+1.78"" 42304297 4954+1.27"
500 51.66+2.34 " 30324270 27.86£2.75 35.69+1.14 "

Y See legends in Table 1.
Vaues are meantstandard deviation(n=3).
T p<005, 7 p<00L,

™ p<0.001 significantly different from control by T-test.
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3. Polyphenol Compounds &lzf

ZEHEe AEFAA flavonoidF7t FHES o] FaL e
o, 7]} T phenol 5, phendlic acid, phenyl propancids,
quinone® 55 X33k JTHWoo WS 2001). 21 E4¢] =
guE AR ot (Fattouch et al 2007, Shah et al 2008,
Fattouch et al 2008), &:FsH(Zou et al 2004, Kim et al 2004,
Park et al 2006, Fattouch et al 2008), 3¢H(Wenzd et al
2000, Park et al 2006) &4 5 o8] 712 AEF 7159 2
3 Aol ot AFE uHsle BAY S BPE9
s SIEEY s ST FYHEY §F =
A A= Table 60 A|AS vle} o] wghs #EEo] &
=52 658 mg/go- 2 A E o] 7MY 2 TS UERS
W, I T EFEE A EE 615 mglgl® A UEh =
dol =& GulollA FgulEo] FeElEs & o ATk T,
Kang et al(1995)2 &9l9] ZeuE shafo] 44 FE50
2] 1,798 mg%, oFAlE 55 3,837 mg%, &2 7H7 988
mg%, 1,392 mg%etal &t 2 RAIET =& FEF=EE
gHrskar AUtk Choi et al(2004)9] Aol olatd &9 &
doE IFE FFe ARPEE 102 mgml, & 47
mg/mL, 213% 7.0 mg/mLE EA|YH T w3kt

Park et al(2006)%] 41F AkA| e F==ol el &
s g g 24 2 st 28] Ao oA
TZ S 2= Ao 639 Tdls 2 523 37 1o
mL, BF5} 26 pg/mL, oS 43 pg/ml, ©JA% 53 pg/ml, <1
Z1 45 pgiml, 313 89 pg/mL= HASIQITh EAIQL WS
28 E0] 658 pgmLE JHHT= Hou} b 559 A
HETE =2 ASs ¢ F AdTh

Son et al(2005)> 80% W EHEol| FE3 Hate] ZjuE

AC)

Table 6. Content of polyphenol compounds in various
solvent extracts from Adenophora remotiflora leaves

(dry basis)
Sample” Polyphenol compounds” (mg/g)
HF 1.02+0.50
EAF 1.25+0.25
MF 6.58+0.35
WE 6.15+0.15

Y See legends in Table 1.

Vdues are meantstandard deviation (n=3).

The content of phenolic compound was determined as pyrocate-
chol equivdents.
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3}3HE-o] kS 1015 ¢/100 g, Eo)x} 6.00 ¢/100 gO.& =
2ol ¥l3] a1 Koyt 7HE|Z] FaFo] 7HAEH, o]
w} B E HAadt e B skl wheba ZAI A
55 AW Tl FA7HA viE ARESAY A well= blan-
chingstd Az #ste Zlo] & o= B

£ BEAIQ & BEELS s 4L MEe £8E0]

71 BAdo]l ke, I v &, oldokE|olE, 4t

< Zods g5 2 AV IS Aew AAHEL O
g} ok A48 AB49E HERE, olEolAE|o]E, AL B
e 25 40|33, Hep G2& Wehe B & oYy

1 = ZA9 At RYE, ofdolA|E|o|E FIE,
Heks 288, & FE20) Hsl dshd a7¢ BNLd2
call(QUA] A2 T E) o] MEHA AF, AB49 cell(FIHAHIE
) Hep G2 cell ZFAAIEZF)oll thgk s g3k 2
= o3 2ok 2A91e 7 8 EE8E A 8E DPPH-
radica 27502 i3l a3E HES A3}, SCyxo] ve
S 285, = F5=, BHTZL 424 475 pgiml, 746 pg/mL,
1022 pgmLZ YER, o5 BAIS 852 i ditelA|

o
=24 FX% linoleic acid®] 4} JA| A& SH S Ao
ME Hee BIEY & FE5EAM ICpo] WEe B3E,
5 B3E 1208 pg/mL, 1356 xg/mLE BHTS] 150.2 x«g/
mLzE T} Yol ghakel g3} =9kt BNLc2 cell(Q1A] 84
AN A tZztol] tisk BAISle] v £8E, &
5, 10, 25, 50, 100, 250, 500, 1,000, 2,000 xg/mL)Z A
AgTe] A AEE] A3E Yol A7, & 19

= L
© SEoA iz BlE)] o)A BEES] Ak fld
oS
A

I i
o rlo

L, dzk oldoldHolE, Wighe: £ &2 1,000 £g/mL ©]
Joll A Tzl Hls] §-21%(p<0.01~p<0.001)9] AYE=£-2
A7t o] AxzFAo] e AR vehgth et &2
A549 cell HAMEFo) 3l vehS £ Eo] g 2IE
o vl FHgAEF HEES JAAA 500 pg/mLoA o)
ZT RO AEE0] 46%7HA Solsth Hep G2 cell 119t Al
X o] theh &9 Edo] AB49 cdl Bt} =910, Hep G2 cdll
o that &9t F44L 500 pg/mLolA] HERS EEE-LS 28%

(o3
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MR o] woron, o[doAHo|E £9E 30%, & F= vity of Tunisian quince (Cydonia oblonga Miller) pulp and

E 36%, 34t £EE 52% ol peel polyphenolic extracts. J Agric Food Chem 55: 963-
upeba 2 AFe] Aol HFo] B wf RAJYS 2hste} 969.
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