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Abstract: In this work, the antioxidant activity and total phe-
nolic compound content of 6 fractions of Smallanthus sonchi-
folius, Agrimonia pilosa, and Lithospermum erythrorhizon
extract were investigated. The highest total phenolic compo-
und contents of each plant extracts were obtained from n-but-
anol (13.7510.21%) and methylene chloride (12.89+1.10%)
fractions (S. sonchifolius), ethyl acetate (19.69+£1.02%) and
water (18.72+0.76%) fractions (4. pilosa), and n-butanol
(36.26£1.26%) and ethyl acetate (17.66+£0.94%) fractions (L.
erythrorhizon), respectively. As a result of DPPH radical sca-
venging activity in 10 mg/mL condition, the highest activity
were obtained from n-butanol fraction of S. sonchifolius
(81.06%), ethyl acetate fraction of A. pilosa (86.32%), and n-
butanol fraction of L. erythrorhizon (82.6%), respectively. Also,
the highest reducing power was obtained same fractions as
well as DPPH adical scavenging activity. Overall, antioxidant
activity has relatively closely connected with contents of total
phenolic compounds in S. sonchifolius and L. erythrorhizon
extracts.

Keywords: Smallanthus sonchifolius, Agrimonia pilosa, Litho-
spermum erythrorhizon, Antioxidant activity, Total phenolic
compounds
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1. INTRODUCTION
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o) 2-8-& A5, Ashk-g-& Apekato] 4Z o EAA 5]
£ A8zt o] &% 3L 1t} Ascorbic acid®} -2 H A
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2 Ao = oFE, AT, A2 AlE FEEY H8 S
o]-g-sto] gH4ta} BHd& AR} BhlTh 2 Aol AHE-
3} ok (Polymania sonchifolia)S =+3}1} (Compositae)®] Tk
WA ¥ A2 QAR = e o] Qhel| A Abd o] SR - 31
Atfoln], ol A= AL, A5, 743 Aol A Al =] L
Ak ko] 2| H ol A oAl teel Se) mo] g (
53 A5 LA 9] oF 10%) % o] Qlt). E3§T fructose, glucose,
sucrose, fructo-oligosaccharides, inulin, polyphenol 5©] th&F
= o] Qlet [3.4].

A8tz (Agrimonia pilosa)= 7gm| 2ol &3k of 2fsfito
Txo|th tE o] o2 FAIUE, Fotx, §otx, 4
o7 oo, o] g sk ik ofe] A&
A, e, H4te}, 2, AAL 4, @ A vl

9,58, 88, A5 &8, AL o)A, 34, Y4 4
, TR, 2he, Ao, g, EYan A A9, §
 So] HuEl 9oy, F QAR 0 &= agrimonin, tor-
mentic acid, agrimonolide, luteolin-7-glucoside, ellagic acid &
o] HiE it} [5,6]

A} 2z (Lithospermum erythrorhizon)y= x| X| I} (Boraginaceae)
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Ao A AHEREEE. ol A ok, Sl =, T 9, 54, 3,
g, 7Y, 34 & thFotA AFEH AT dE R Fa RS
2+ shikonin, acetylshikonin, isobutylshikonin, isovalerylshi-
konin, lithispermic acid, lithosperman F°] ®E 11 %3l Qlch
[7.,8].

B QAT AR 2220 BIL AR TE SHE (di
electric constant, = =+A])2 71 x] = 67121 (n-hexane (&
& 1.89), ethyl acetate (6.02), methyl chloride (9.08), n-but-
anol (17.8))5 AH&-8lo] 2EES 250 Atels& ©AY
Skl [1,9]. 4 ¢1+of 2183 3Akslg-> DPPH (1,1-diphe-
nyl-2-picryhydrazyl) radical 275 &4 H3} L (reduc-
ing power) S W& AHEoto] 5= AkeHsS vast
sick. w3 Gabsl BT % )54 SErEel gl
CEEVLEEY

2. MATERIALS AND METHOD

21. A¥A =

Aol AFERE ofF, Metx (FH P, 20149 R H), 1]
B A (A% 95, 20148 AZ)E WA (LA SRR
aA)of A Fdste] Aol ARSI TE FE ol AHERE 7]
21| (methanol, n-hexane, ethyl acetate, methyl chloride, n-
butanol)= A| oFg& AHE-SHGI T aHAksL &4 A9 of] ARE-RE
DPPH, ascorbic acid, gallic acid:= Sigma-Aldrich Co. (USA)
A|&-Z, sodium carbonate2} DMSO+= Kanto chemical (Japan),
T128]3L Folin-Ciocalteau reagent+= Wako pure chmical Co.

(Japan)©] Z1& AH&-3FA Tt [1,9].

22,229 29

Waksh B4 ZAE ARE eI TS W
AzE A& 150 gof] 80% methanol 2 LE 4 713t
incubatorE- 0|23} 50°C, 150 rpm&] 2 AS 2 2¢
3 F ofUA R ofsto] 2EAL Lelsheich. tH 80%
methanol 2 LE 3 7}sto] &38h= A& 23] T HHEsto
ZAA| methanol =5 AUt g =0 A7 % methanol
552 evaporators ARE-5FO] M eh-E-S A A ST v
Lo] AAE F=EEL methanol extract® Y35} 1L, me-
thanol extractE ©|-83}o] Z}2+9] 87141 (n-hexane, ethyl
acetate, methylene chloride, n-butanol)& AR-&-3}o] & 7]-&ujf
B2E 2R L0 AT §71 402 $T T e 4
© water 23] 0 2 Wl B33} zhzho] & 7] L) 23]
2 evaporatorg ©]-8-5to] §-7] & E A AT & UE2FH 7|
202 % =% (0.1~10 mgmL)7} =2 DMSO] =0
GRS AR 9 W mA BghE g S A o ARE-sklTE [9].

23. 343 24
%25 58] 9] §415} 842 DPPH radical 47 %57} 8912
S =A5te] v|watd ok [1,9].

2.3.1. DPPH radical £
DPPH radical &7-5 &
243513t 420 &8 A 2E 1~10 mg/mLe] FE=7} &
%2 DMSO0] 0] A7 ol AL§3-3 . DPPH 4912 3 mg
o] DPPHE 15 mL9] o]£h-&0] 50l §9 1.5 mL, &k 3
mL&} DMSO 0.5 mLE £3}s}o] A &3} th. DPPH radical
4752 DMSO9] =21 A& 50 uLe} DPPH €-9-& &3 &

| 5N
=
A TheT 2 S o] §5tol

.

L T
AL 1087 WA 517 nmol 4 FRES 2519
o} B2 AR 4l 50 uLe] DMSOE H7tste] A& &

B kS AR5 4 T DPPHY| A AF3-¢4%5 (electron donat-
ing ability, EDA)2 EDA(%) = (B — A) / B x 100 (A: A|&29]
FHE, B 270 FHm)R A4bal At (19]

23.2. ggg

-4 (Ferric reducing antioxidant power; FRAP) 272 0.2
mLe] A]&of 0.2 mLe] 200 mM sodium phosphate (pH 6.6)
2} 1% potassium ferricyanide &3-S 2§1a1o] 50°Cof A]
2087 Hk-S- 5 0.2 mLe] 10% trichloroacetic acidE 3 7}5}
o] Egste] YR (10,000 pm, 105)3H . A8 0.5
mLo]| 0.5 mL2] 0.1% ferric chloride 82 &3}8}] 700 nm
AN FFE=E SAsHA[1.9].

24.F =4 S{EHF

% 754 S5k S Folin-Denist & Wstol 243}
At A& 0.1 mLoj| 28] 3]4] = Folin-Cioalteau phenol A] F
I mLE &35fo] Aol A 357F §H-3- £, Na,CO; 23}-8-H
1 mLE E@sto] Ao A 1AZF &3k w36t & 4
O] EHwE 725 nmel 4 25T G

A2 AREORAT [1,2.9]. 5 wlsd ohehe a4
=4 =Y s5)/ (4 AT FEEH B89 s F) x
1002 2 gHAkgE Fholtt.

allic acidE ¥ 35

3. RESULTS AND DISCUSSION

339 Ry

ofE, AgtE, 18| AR FE2E
A Zof| 80% methanolg- ©]-&3}o]
L8 A At A& =25 (methanol extract) 2 HE] 4% 9]
57181 (n-hexane, ethyl acetate, methyl chloride, n-butanol)
2 $AH 08 5ol B T S AAT S 2L 2
Zo] £.31.2 A4 =R DMSO] 0] Aol ALg3He Lt

3.3 =4 S EY UF

Table 1> o, Astx, A2 0] &5 &9 59 T =4
o}ol= FHg o Folin-Denis®H & o]-§-3Fo] LELW 7 o]t}. of
2252 280 % 954 5529 52 217 methanol
4.04£0.17%, hexane 1.81£0.03%, ethyl acetate 7.07+0.23%,
methylene chloride 12.89+1.10%, n-butanol 13.75+0.210%,
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Table 1. Contents of phenolic compounds on the fractions of Smallanthus sonchifolius, Agrimonia pilosa, and Lithospermum erythrorhi-

zon extracts

Fraction Smallanthus sonchifolius Agrimonia pilosa Lithospermum erythrorhizon
80% methanol 4.04£0.17% 18.72+0.76% 2.59+0.02%
Hexane 1.81+0.03% 3.96+0.16% 12.03+0.08%
Ethyl acetate 7.07+0.23% 51.98+1.01% 17.66+0.94%
Methylene chloride 12.89+1.10% 8.14+0.18% 14.22+0.67%

13.75+£0.21%
1.62+0.02%

n-Butanol
Water

19.69+1.02%
11.20+0.40%

36.26+1.26%
1.43+0.09%

water 1.6240.02%= L EFT]. n-Butanol®} methylene chlo-
ride 23014 714 £ % 54 ST Tl 24H
of Ash: 2% 299 & 954 sakEe) gl 747
methanol 51.98+1.01%, hexane 11.20+£0.40%, ethyl acetate
19.69£1.02%, methylene chloride 3.9620.16%, n-butanol 8.14
+0.18%, water 18.72+0.76%= L} E}S T}, Ethyl acetate@} water
B 71 8 5 o4 BhHE ggol 2 E T A
2 #2% 290 % 954 5880 $-E 27} methanol
2.5940.02%, hexane 12.0310.08%, ethyl acetate 17.66+0.94%,
methylene chloride 14.22+0.67%, n-butanol 36.26+1.26%, wa-
ter 1.4340.09% %2 YEFSHT) n-Butanol?} ethyl acetate 22 |
A7V e % s A SherE dherel 24E Yt 224
A& & f)5E n-butanol, ethyl acetate, Z12]11 methylene
chloride®} 7o §%1-8-0] 6.02(ethyl acetate) - 17.8(n-butanol)
A1 0] 7180 2ol A wol T-Elo] Uik 9]

3.3. g4t g4

3.3.1. DPPH radical &%

350 HERRE 4L 22E 298 A|7e) FE] 1-10
mg/mL7} 5 =% DMSO¢] o] DPPH radical A7 %<& =
43t A5 Fig. 1o Yep )it thx+= ARE-]E 1 mg/mL
&= 9] ascorbic acid®] Z1}2l °F 90%2] DPPH radical 4~ A
s 917 Bl A, FE2E £ BRolA Ay or ¢
S DPPHradical 2A5& BT} ofE 228 B39 =1
' DPPH radical 245 23} (Fig. 1(A)), 55 89 &
=7} Z7184~ % DPPH radical &~7%90] 5731t} 671 %]
32 % n-butanol 220 4 717 £ 2758 ehyse
H, T}S O & = methylene chloridex} ethyl acetate <~0 & &+
/3& YEbH 9lt}. Hexane £ of| A= A &] A5 HolA|
AT 7HE =2 BAdS E<Ql n-butanol 2 of A= 10 mg/
mLo] Al 7oA 81.06%2] &S Ltebdl ¥, 1 mg/mL o]
SR AL 1138%2] 4758 Lehyglt 4 5 3]
St ofF &= =8 F ethyl acetate F2of| A 7MY =2
Rancimat SHAY3} 758 ¥ G0 W akck. et 7 [4)

Stx &5 539 =¥ DPPH radical 7% XA}
FE 5 239 5o ulg} DPPH radical

Lo 2718}tk 23 3 ethyl acetate £-3 oA 714
9 1}, methanol £3] 37} n-butanol £
ME =2 AA%S 2} Hexane B8 A= 713

2 rlo X
B>
Y
ofr ;
o
v
o
=
¥Q.

5 (10 mg/mLof A 23.3%)2 YEFW AT} o= A
= 599 T HsA ks d A2 (Table 1)
A o] £259] F HeA ItE Tl =
7] W2Ql Ao = T & 5 [S]oll &5, Aetx A4
FE59 ethyl acetate -2 o A 7} =2
At Az 285 £89 5E ¥ DPPH
3= Fig. 1(C)of] et 5= +9
% n-butanol A 7} w2 AA S B o, 3o
&= ethyl acetateol| A =2 2452 YEHH AT 7MY =2
2dS HE<l n-butanol 230 A= 10 mg/mLe] A=A
82.6%2] €/dZ YeErd §HH, 1 mg/mLe] -5 = o A= 29.5%
9] 2AFE YEHU ST o]eF Hlwdghel A= &4t
(Solanum nigrum L.) 325 2] 7 -0l A= ethyl acetate &2
ol A 7}4 4= DPPH radical 47%5-S el gloH, oh&
6 2= butanolT} methylene chloride®] <~ 2 R 135} th
[9]. o] 2|3t Zpol= Z42t9] AlEo] 7FHA AL Q1= 4atet 4
o] T} ol 211, & o wet FEEH = FALS)
4ol 27| fjF o= HekE o) [1,2,9].

332 gy

gL A= 59

fefu
i
il
i)
1% {0
ofN
Ju

o [19] 222 230] S0 o2 #9S vag A3
£ Fig. 20| YEF STt 21+ & AHE-7H53 ascorbic acid
o B | mymLe] FEO A 3.000 o] 4t o] FAEES
Uetgle, 0.1 mg/mLojl Al 1.8249] F3&= 42 HE
o} oft 228 Hule] wrw P 2ot A} (Fig
2(A)), 2&E 539 x| =7184E DPPH radical 2A
53k o] BHe1elo] F7hsHe A4S ek glh 6714 2
g & n-butanol ZZ o A 71 w2 gL ES e glen,
ethyl acetate, methylene chloride, methanol &2 of| 4] v]5=3t
=S YER ich DPPH radical 22750 A= 79 &
82 2ol A ¥t hexane £ o A2 UK g o] 4
= loh 7HE =2 42 24 n-butanol £ oA = 1 my
mLo| AJ=0f A 2.3499] F3 =5 LERH B, 0.1 mg/mL2)
FEof A= 04809 SF =S HERY /T

Fig. 2B)o]l 13tz 228 2eo] 5wy eee 243
AT E Gep Aok 258 28 9] 55 271843 of2
¥} o] g g o] F7tsk= e LERY QL. Ethyl acetate
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Fig. 1. Effect of extracts on the DPPH radical scavenging activity.
(A) Smallanthus sonchifolius, (B) Agrimonia pilosa, and (C) Litho-
spermum erythrorhizon.

Balo] A 1 e BYUES YERRO o, n-butanols}
methanol 2] o] A ¥] 523 S-S Yep it 7HY w2
A4S H9J ethyl acetate E-Fof| A= | mg/mL2] A & ofA]
© S (F¥x= 3.000)5 dold B4, 0.1 mg/mLe] 5
= 13280) SR UERYOIck Ak 2 2
2 23H Fie 200] deisict. of
4 2] % n-butanol & oA 7}
S YERYich E}o oZ2= ‘,4{3 DPPH radical
s (Flg 1)) YEHH A E hexane £-2]of A =2 &+
Uetf glth. o] DPPH radical 427 %53} 2 o] 2+
L B 0] AL A3 29 Hol7} 91| o
HoH[1,9]. 7 2 /5 1.2l n-butanol £ & o] A =
g/mLo} Al g of| A Alm ol A= 541 9] (3.000)E H ol
, 0.1 mg/mLe] H=oAl:= 1.2929] ZEF=E el
H] e ukgt A= Gt (S. nigrum L) 552 9
%‘ o] A] ethyl acetate -8 o] 7} =2 3 H S e O
™, methylene chloride & 7} methanol F+&& 22 =7
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Fig. 2. Effect of extracts on ferric reducing antioxidant power. (A)
Smallanthus sonchifolius, (B) Agrimonia pilosa, and (C) Lithosper-
mum erythrorhizon.

3.3.3. B=Y 3rE Y gy i 2y HA

Fig. 30] of2, Aoz, 22 222 23 59| % 54 bt
el Al o sl kst Bdate) A vkl
Bl 2lct. Fig. 3(A)& o2, Agtx, 2tz &5 28 59
Z O =Y g ZF A & 9] DPPH radical 275
F}o] A S v w3t Aojth AR Z o7 HE A3 =2ZHo
A & HE5A 3FE 9 deFo] 542 DPPH radical 4 74
ol Z74HE AL BYnh A% 2EE REojAL
Hi54 3HghHE $ 3 DPPH radical 42A-57He] A9 4]
A (R2=0.885)7} LFEFYFO L}, of3 (R%=0.226)3} A8}
= 289 AfolAMe EXX“" of’a Lreb A 5
. Atz 2% FOAL Nt £ Ay BEE
& ATt ) ol 410] 47% Aol Lehheltt. o
&t FEE £9Y 3“\@}9} T Hsd e g A
o] Lo A methyl chloride 53] = QX | =4 4] o] DPPH
radical 22755 A Ued= A2 B gk A[9]a} v
3 Aztolc.

Fig. 3(B)= of2, Alstx, A2 #5E 28 59 & ¥4

n&v £ e
rlr ol 3@ W rE 0
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Fig. 3. Correlation of total phenolic compound content and antioxi-
dant activity of three herb extracts. (A) DPPH radical scavenging
activity, (B) reducing power.

3}51E0] Shekat 7 A 2 0] 3t e ato] A E B wEt A o]
. Fig. 3(A)¢] DPPH radical &~ 451} Zro] S8 1} & 5|
g]-;}% zﬂ-ah_}_q 47;]]5 A od x4 of 734_}_ 1/}]:,}14.]041;}
ARAT R Motk F2E Bl HE 547
e A et e, vt & w54 ohetE o
A 28] o o] $U2 ol S Lehh9i). 42
o] (Rumex crispus) F+=% [2)12 &3F (S. nigrum L.) =&

[9 _,] ?5]—/K]—§]. SZ]-/\-LL} _zﬂl"—k] 32]—'6]— _/] b‘PEkO m?g?ﬂ—
AL Gk B E Tk £ AT ALE

rio oZ:
I
° FU

AFe
i

méﬁﬁﬁWL

o)

A FEE

F

S A A B (R=0917)2 o] WHF ¥AES Holu
QO oFE (R=0.458)7} M3tz 559 7-of = At
Z 0 & H|£3F H S B, ARS-5HR| U= ATE e
£ 23] eIty ol 2&E £Y Fof thefdt It
3} BEdo| A8t AOR ATEH, 235 7} 225 B3I
o] A el B - HAS Foto] FAks BAO| topy S
ghelstofof 3k Al o= wetect

4. CONCLUSION

2 Ao = o, Aetx, A2 FEE £ 9 st
s % #H=4 ﬂ?ﬂ S AT AR 5 5 s
A sFeHE 9] ka2 oF -2 n-butanol} methylene chloride £
3lof| A, A3t = ethyl acetate®} water H-3]of| A, 18] 31 2}
%= n-butanol} ethyl acetate 23] of| A 7} =& ShekS 7}
A3l Q). Zzko] A& 2&E B3 2 ofE L p-butanol

X}x,‘::

by

H3)o| A, Ae -z ethyl acetate & of| A, 18|31
butanol E-&oj| A 714 =2 DPPH radical AA S-S
Jrf. =22 = 7}74 =2 319122 DPPH radical &7 %9}
A9} H] 52517 k-2 n-butanol £ o] 4], A8t = ethyl
acetate H-3 o A], 18] 11 A} Z = n-butanol E& o) A 7}A =
Sk 5% B39 YU F e SE )
A 2 AT A20) Aol HE ARG AFHA B
Bg Bou, ok} AstE 2B B0 AL AR A KU
2ol Ao o ATHE ok 910] ATERE we}
Al 712 o117} ] ojof d}A|ut, ofR, AEhx, AF2 2
e guste} g AEREAG 2L Aoy BAo
Aol 58 7b5Alo] ek gehEch

Acknowledgements

This work was supported by a Research Grant of Pukyong
National University (2015 Year).

REFERENCES

1. Kim, D. H. and G T. Jeong (2014) Antimicrobial and antioxidant
activities of extracts of marine greenalgae Enteromorpha intestina-
lis. KSBB J. 29: 92-97.

2. Jeong, G T., K. M. Lee and D. H. Park (2006) Study of antimicro-
bial and antioxidant activities of Rumex crispus extract. Korean
Chem. Eng. Res. 44: 81-86.

3. Kim, A. R, J. J. Lee, H. O. Jung and M. Y. Lee (2010) Physico-
chemical composition and antioxidative effects of yacon (Polym-
nia sonchifolia). Journal of Life Science 20: 40-48.

4. Kang, K. O. (2013) Analysis of antioxidant effects and antimicro-
bial activity of extracts from yacon (Polymmia sonchifolia) pow-
der. J. East Asian soc Dietary Life 23: 374-381.

5. Yoon, J. Y., S. Y. Lee, H. J. Jun and J. Y. Lee (2012) Anti-aging
effects of solvent fraction from Agrimonia pilosa L. extracts. J.
Appl. Biol. Chem. 55: 35-39.

6. Jang, S. H., E. A. Yu, K. S. Han, S. C. Shin, H. K. Kim and S. G
Lee (2008) Changes in total polyphenol contents and DPPH radi-
cal scavenging activity of Agrimonia pilosa according to harvest
time and various part. Korean J. Medicinal Crop Sci. 16: 397-401.

7. Kim, S. Y. (2007) Effects of Lithospermum erythrorhizon Sieb. et
zuce. ethanol extract on lipid metabolism. MS Thesis. Korea Uni-
versity, Seoul, South Korea.

8. Park, Y. H. and Y. J. Nam (2003) The antibacteria activity and
deodorization of fabrics dyed with Lithospermi Radix extract.
Journal of the Korean Society of Clothing and Textiles 27: 60-66.

9. Kim, A. R. D. H. Kim, S. M. Pyeun, G. Jeong, J. H. Gwon, C. W.
Yeo, J. S. Lee and G. T. Jeong (2014) Antioxidant activities of
extracts of Solanum nigrum L.. KSBB J. 29: 421-425.



