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Antioxidant Activities of Fractions Obtained from Dryopteris
crassirhizoma, D. nipponensis and Polystichum lepidocaulon

Na Rae Kim, Hyuk Joon Kwon, Ju Sung Cho and Cheol Hee Lee™®
Department of Horticultural Science, Chungbuk Nat’l Univ., Cheongju 361-763, Korea

Abstract - This study was carried out to develop ferns as the natural antioxidant materials by graduating and extracting
fronds of Dryopteris crassirhizoma, Dryopteris nipponensis, and Polystichum lepidocaulon, which belong to Dryop-
teridaceae, using solvent, and analyzing the antioxidant effect of each fraction. The n-butanol fraction of D. crassirhizoma
(550.0 mg-g™), the ethyl acetate fraction of D. nipponensis (374.8 mg-g™), and the n-butanol fraction of P. lepidocaulon
(781.8 mg-g") showed relatively higher total contents of polyphenol. The chloroform fraction of D. crassirhizoma (72.9
mg-g™), and the n-hexane fraction of D. nipponensis (72.9 mg'g") and P. lepidocaulon (154.5 mg-g™") contained relatively
higher total contents of flavonoids. DPPH radical scavenging activity was most excellent in the n-butanol fraction of D.
crassirhizoma (RC5=0.02 mg'mL™") and P. lepidocaulon (RCsy=0.04 mg:mL™"), and the water fractions of D. nipponensis
(RC5=0.01 mg'mL™). ABTS radical scavenging activity was potent in the n-hexane and n-butanol fractions of D.
crassirhizoma (each RCs=0.02 mg:mL™), the ethyl acetate fraction of D. nipponensis (RCs=0.03 mg'mL™"), and the
n-butanol fraction of P. lepidocaulon (RCs=0.06 mg'mL™"). There was the large amount of total polyphenol content in the
n-butanol fraction of D. crassirhizoma and P. lepidocaulon, and their radical scavenging activities were potent. Therefore,
it was thought that biologically active substances of each fraction layer are required to be analyzed and used.
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2| 71783 gkl Rt WAlo] F7kshHA
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skoich ey g4 2%" FlA|Ql BHTS} BHA 52 tF
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71 wo| Egul= A FASHA L vleb Clascorbic
acid)Q} E(tocopherol)7} It} BlEHY] B T2 ALE-
o A5 e At 34 keiAlE e Al AftiA e
2 7}Ao] v thA o) Olgcn] HEM O AbA, o 9 |
o} e 5 g RIgskA whgske] A Rl o
o] Qth(Halliwell et al, 1988; Hong et al, 2008;
Sa et al, 2004). webA] 7|29 HA SFASIA H o} SFAF
o} T} EowA, Qo] st ARl AL
£ A9s7] $I% chre 77 Aastca o,
B $7H Ei jsY AL 285 295

Hl

H

2J5}¢] alkaloid, flavonoid, steroid, polyphenol, terpenoid,
chaFh 23 ShAMEE-S AR ERE AlEo]
AAIBHE 27 YARES 418 # ofujet 1zt Ae)] A
SFhgo WAshe Abet axprh oo, et &

quinone &



o} Fo] %Eé% Aoz A QILHKFS, 2005; Wallace
). AFllA 7Hg 235t BE & AE
'1£“IT:\LL S stz L7l FAHES v Aol &
AFSHDing et al, 2008; Oh et al, 2008), 3} (Hum et
al,, 2008; Singh et al, 2008a, 2008b), 33 (Oh et
al,, 2008), &1 8H(Oh et al, 2008), fﬂo"(Oh et al,

2008) @ WA A Z3HLiu et al,, 1998) 5 4§ &
4ol 18 7102 wagol Siek Lel Pelelols o
Z20] ofx| A &o] 2o = ELslal oFz|AlEo] oFu] ]
7410 Bt 9l4o] HEBto] o] 50| Al Tt
T4l o2 &8s A 7154 AR o] uf$ u|E3sk

R

N/’Ho]q-

# A7 B4} AT} & Z(Shin, 2010002 U}
o winkate] oFx|AlEel B, FAYIALY @ Tl
TAR]O] A 2E B 7 SR ¢X BT e

bish 2] ek G B e, 7 AR
g2 Psol £o HABE HE, ol ugo
AAHoR GAT WAL BT 5 Y WAL A

NEEEETCS

Ar 4 4 F&

Aol ARESt W (Dryopteris crassirhizoma), A

)

T, AR B ol Al EelEe| gnlet 24

YIAR(D nipponensis) D GEAO|IAR(Polystichum
lepidocaulon)+= A|FEo|] A= MAE & 7@‘7‘/‘]
o 912 ke wdskeLolA 3 o4 Akt 2
ARSIt (Table 1), ZF A&9 AAHEE= 831 oS
Al T AHAdsle] ZAAZ7]|(FD8512, IIShin Lab, Co.
Ltd,, Korea)E o] 83lo] BHAAX sF9low, AX3SH AR
= B4)7](FM—681C, Hanil Electric, Korea)= 7] -4
SFlT, 243t AlEe WS 8o ko] Shin(2010)
O] WO 7 30X24X14. 5 cm 7]9] 221} ~2(5510—-DTH,
Bransonic, USA)oA 30& &<t 233 F&313th o
B8 253252 ofilx|(Advantec No, 2, Toyo Roshi Kaisha
Ltd., Japan)®} vacuum pump(GAST, USA)E ©]-835}o]
Aetoiastol ARgsRGIT

Z3Z5E-2 rotary vacuum evaporator(N—1000, Eyela,

Japan) 2 FFsSsto] 7R 1PES dleH, 7H
A IR 2Es ‘3—! n—hexane(K3480974 526 Merck
KGaA, USA)<1: 9 : 109 H|&RE &sto] EEs3iet,
233 e f,‘%% chloroform(AC0684, Jin Chemical
Co. Ltd, Korea), ethyl acetate(E0190, Samchun Pure
Chemical, Korea), n—butanol(AB0658, Junsei chemical
Co. Ltd, Japan) @ 59| £07 £31x4 o7 &uf B35}
o, 7t BEze

&5 SHAHFig. D).

rotary vacuum evaporator@z 1%}

3 EUME ¥

7t 2859 & EoHsY TS Velioglu 5(1998)
O] HE 3-85to] Fogict, E8E 0.1 mLe 2% NaxCOs
2 mLE &3tsto] 37 5t A2oA ¥RgAIZl ThE, 1N
9] Folin & Ciocalteu’s phenol reagent(F9252, Sigma,
USA)E 0.1 mL H7tsto] EgeReich, EdES AeodA
30+ B2 HRS-AIH o, UV/Visible Spectrophotometer

i

Table 1. Moisture and soluble solids contents of each samples obtained from frond extracts

. Moisture Soluble solids” (mg-g™)
Scientific name v,
(%0) n-Hexane  Chloroform Ethyl acetate n-Butanol Water
Dryopteris crassirhizoma 74.84 50.9a 1.2e 7.5d 25.1b 9.0c
Dryopteris nipponensis 65.02 77.2a 3.8¢ 4.6d 26.4b 119.0c
Polystichum lepidocaulon 63.65 81.3b 5.4e 13.7d 49.6¢ 164.6a

*Milligrams of soluble solids in each fractions obtained from gram of dried fronds.
*Mean separation within columns by Duncan’s Multiple Range Test, p<0.05.
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Sampe

Extraction with methanol (Ultrasonic bath, 42 kHz, 30 min.)

’ Vacuum evaporating ‘

v

’ Freeze drying ‘

v

’ Dissolved with water (whole extract) ‘

v

add n-hexane (x3)

water

add n-chloroform (x3)

[

Chloroform ft.

\

add n-ethyl acetate (x3)

l

’ Ethyl acetate fr. ‘

l

’ N-butanol fr.

|

Fig. 1. Schematic diagram for solvent fractionation of whole extract using n-hexane, chloroform, ethyl acetate, and n-butanol.

(Ultrospec 4000, Pharmacia Biotech )@ 750 nmojA]
S-S A5G Velioglu et al. 1998). FEE41L- tannic
acid (T0200, Sigma, China)® 5} o1, o|& o|-&3}o]
APAS AYE 08 7 BYE) A% NHE 0 F B

2]#|% $HHmg g )2 tannic acid 7|20 & AT

ZF ER ol

% ZehH o] = 9] FHkS NFRI(1990)2) WS 383}
o] 31t ZF B8E 0.2 mL, diethylene glycol(H26456,
Sigma, USA) 2 mL, IN NaOH 0.2 mLE #7}3t th3 &
Slslo] 37C 9] g4 (VS—190CS, Vision Sci.,
oA 1AIZE E9F HESAIH o1, 420 nmolA] FHEE S
ot & EehH o] =o FlEe

Korea)

naringin(N1376, Sigma,

il

USA)S REFEAR oto] 23t Zakile] diyste] 7 &
g0 Az NFPE g F FHehE o= FaF(mgg )
naringin 7|02 2T,

DPPH radical £A8A

ZF 3% 0.2 mLe 0.15 mMY l,l—diphenyl—Z—
picrylhydrazyl(DPPH) €M 0.8 mLE &£315}o] A2
ol Al 304 &%F WESAIX] & 517 nmof|A SF =

i r
N o

A5kl ch(Blois, 1958). ZF 2% DPPH radical
J(RCs0)> 2=

Eavaky
2 45H ol40] SER BAsle] 2 9
A &=4Y DPPH radical 2AZAS #5391 thS
ol AF AL ol&st E8E Al HEES %
7R gz THEE 50% fail7l=d 23 7}
B9 7M4 IR FE(mgml )2 LERT

ABTS radical £A%A

7+ B359] ABTS radical 2AZ4L Re $(1999)9]
HHHS. 2 a35lo] L3l th 7.4 mM2| 2,2 —azinobis(3—
ethylbenzothiazoline—6—sulfonate) (ABTS) radical ion
(ABTSo 53k}
AL - dof A 24417t FQF WAISH] radicale FAA
2t} Radical S F4JA|7] ABTS 2042 A3 20| 732 nm

oAl ODZke] 0.7£0.03(meantSE)¢] E%== phosphate
—buffered saline(pH 7.4)2.2 3]43lo] AMEstitt 2+
B3 B2 4t oJato R F|A5sle] Adalglon, 7 =k

o

—)1} 2.6 mM potassium persulfateS

] H8E 50 uLoj| ABTS £ 950 uLE 7}sto] ¢haol
A 1087F HEEA17] B 732 nmollA] S E =S A5
(Re et al, 1999).
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AlEZAe] RE] e Eduled AR g &
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1:110
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=
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o) 3 Bl o] Aok o £ AHS ML
g, O]h ﬂ%ﬂ} F=Ho] tha7] 013}1 32
Kim 520082 §3), #247- 2 &

olrt

ol 7154 A2 B

hE
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grelsie Bl o] geblt Ane By
. v & Eelols ol K9 werd Bent R
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We elsiol 3 Bellis TS S712 4 e W

& Flofo} o Ao AzbEn

3 ST olE AF

woa} 350) 49 2RFEE <A So) Belsjo]
o]7 R Eo|  ZelH o] =9] gaf Table 31} U},
=2 chloroform HE3ES %— %E}E}EO]E slako]
72.9 mgg ‘2 7P Woron] = H3Eo] £ Zald o]
= SRS 16, 5(water H38)~72.9 mg-g (chloroform
+32) 9] Wt AU LA & n—hexane #8159

T EehHIm0|E o] 72,9 mg-g*i 7P e,

Eha

29| chloroform S3&E3¥ ZglH ot glgfo| =
SHsich, ANl el 5 Berpvols W
33.8(n —butanol £&E)~72.9 mg'g ' (n—hexane 3]

)02 UERdt) giRael kel s x|y Aol opit
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Kim %(2004)T} Choi 5(2005)2 UuHFog A&F9)

Table 2. Total polyphenol contents of each fractions obtained from frond extracts

Total polyphenols” (mg-g")

Scientific name

n-Hexane Chloroform Ethyl acetate n-Butanol Water
Dryopteris crassirhizoma 120.2d" 118.0d 365.7b 550.0a 223.6¢
Dryopteris nipponensis 155.0c 292.4b 374.8a 315.5b 166.9¢c
Polystichum lepidocaulon 158.3d 142.9d 527.7b 781.8a 245.8¢c

*Milligrams of total polyphenol contents per gram of dried soluble solids on tannic acid as standard.
*Mean separation within columns by Duncan’s Multiple Range Test, p<0.05.
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% EvE I F S| S A= HY (ethyl acetate #2%&) 0]t B F40]alA = n—butanol
gkl shedek 18y 2 Aol Jeong 5(2007)9] H3 204 DPPH radical £7%(RCs5=0.04 mg'mL™")
AFATet FUSHA FAAEY A F SetieolE T O] l"‘om‘f] U 22 E9 chloroform, ethyl acetate
T EEvs AR o] W A0E Yt E 23} DPPH radical A7%50] H]Z2:5190c}, oiiato] 1
gk A=Y T EefE ol FRRE SA4Jo] B &l A]—a] B3] 50| RCyp2 0,04(n—butanol EE1E)~0,69 mgmL
oA ol B Aoz I, (n—hexane #+2&) ©|3ltt,
2 Aol A TFa}t v Faro] 1A 9] n—-butanol £
DPPH radical &A% 23} 22| A ] Q) water BEEL SHAJTASIAIR o
B Lo A= free radical?] 4FOR iM Abske] 9 24 )& BHT(RCs0=0,12 mg'mL )Xt} 217} 6, 3, 124}

olo 2 &2 DPPH radicalo] 3H4+sF B4of 2J5to] 3t zoug A gHISHAE Al
QJH A S o]83}0](Blois, 1958), Wy} 3% Y & 29 AMe 7P slolat 2= 9)9)

£9] DPPH radical £274%9] RCs 2 =435 41t o] A 9] n—butanol & E-S DPPH radical 2AE4]
Table 49} 7t} o & ZPulE Il AR HjEEtER, W ool
= BIES] RC502 0.02(n—butanol H3E)~0.21 AR Q] n—butanol £¥5E-2] DPPH radical &~AZ/J7}
mg'mL ' (n—hexane £&&) o]3it}, T n-butanol £ 2 Zo9x geko] AFAS O 5 9t
220,02 mgmL*lf—L' T HE 01]/\1 714 =2 DPPH Choi £(2003)9] 4 WEke 225 Kim £(2004)9)
radical 275S HYth ¥Fo 28E FolA] chloro— g4 B FE5, Kim 5(2005)9] HFEFA}; ofghE
form, ethyl acetate, water 2&8EL FU3t RCs 41 ZS52 0|83t 3PS Ao A= free radical AAST}
UEPHTHRC50=0.04 mg'mL ), AU LA E water % Zo)dlis 3lefo] WHEA Telo] 9= Aoz Fholw]e]
H3E9] DPPH radical 4 %(RCsoZO 01 mg'mL)o] o} W3} R A | 1A 9] n—butanol EEEL & Z1]

vk} 559) 318 Tl A Pach AR ol SR ol el DPPH radical 275 0 £
e B2 ROpS 00lwater £2)~0.38 mgml” o] A FUSAZL A AL AT 4 Ugich

&

Table 3. Total flavonoid contents of each fractions obtained from frond extracts

Total flavonoids” (mg-g")

Scientific name

n-Hexane Chloroform Ethyl acetate n-Butanol Water
Dryopteris crassirhizoma 58.3b" 72.9a 44.7¢ 48.9¢ 16.5d
Dryopteris nipponensis 72.9a 47.1ab 67.6a 33.8b 56.2ab
Polystichum lepidocaulon 154.5a 52.3d 82.6b 60.7¢c 19.0e

*Milligrams of flavonoid contents per gram of dried soluble solids on naringin as standard.
YMean separation within columns by Duncan’s Multiple Range Test, p<0.05.

Table 4. DPPH radical scavenging of each fractions obtained from frond extracts

DPPH RCs)” (mgmL™)

Scientific name

n-Hexane Chloroform Ethyl acetate n-Butanol Water
Dryopteris crassirhizoma 0.21¢" 0.04b 0.04bc 0.02a 0.04bc
Dryopteris nipponensis 0.28¢c 0.05b 0.38d 0.04b 0.01a
Polystichum lepidocaulon 0.69% 0.54d 0.07b 0.04a 0.38¢c

“Concentration of the material which is required to scavenge 50% of 0.15 mM DPPH radicals at 30 min. after starting the reaction.
*Mean separation within columns by Duncan’s Multiple Range Test, p<0.05.
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Table 5. ABTS radical scavenging of each fractions obtained from frond extracts

ABTS™ RCsy” (mg'mL™)

Scientific name

n-Hexane Chloroform Ethyl acetate n-Butanol Water
Dryopteris crassirhizoma 0.02a" 0.14e 0.04c 0.02b 0.10d
Dryopteris nipponensis 0.15¢ 0.04a 0.03a 0.04a 0.12b
Polystichum lepidocaulon 0.54¢ 0.56¢ 0.09a 0.06a 0.26b

“Concentration of the material which is required to scavenge 50% of 7.4 mM ABTS radicals at 10 min. after starting the reaction.
*Mean separation within columns by Duncan’s Multiple Range Test, p<0.05.
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