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The antioxidative activity of marine microalgae, Phaeodactylum tricornutum (P. tricornutum) of Bacillariophyceae, was determined
by measuring radical scavenging effect on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical. The chloroform fraction of P. fricornutum
showed strong antioxidative activity. The potential antioxidative activity of factions extracted with mixture solution of organic solvents
was detected in dichloromethane . methanol (2:1) fraction. This fraction was further purified by preparative thin layer chromatography
(PTLC) and repeated reverse-phase HPLC. On the basis of chemical and spectoscopic evidence from results obtained by UV, FT-IR,
EIMS and NMR, the compound purified from P. tricornutum was identified as zeaxanthin.
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HYBE AL v S Ugsty FFoz TR {4 AE
Ao HEFS HAY £ e YEAYLRN 1 F84L H
A wolAx glon, 53 Y slAZFE 134 A4AQ bo)&
HAFWEAYLZ HT AT ez F2¢3 gl

A vAZFE F2 FUEYE A, AF 2 AFEINE
M AHEE) A% AT P gon, HIZde 2RI
Ao AZEZAE 9 UFoE L] Y3t dLA, FF
Fol A, FATAH 2 E2AHT T3} 2L dgH Arie
3 4371 AYH R ok (Cannell et al, 1988; Lincoln et al,
1991; Gustafson et al., 1989; Gerwick et al., 1994; Codd, 1995;
Moore, 1996; Sivonen, 1996).

olfE A7 FAM T 29 N FF d1e
HYE - A2 d Autdezn Y1 ged, AA4E ofFE
FHo2 oA Fefo] AE F4EA Heeols (Kim et al,
1996; Jeon et al,, 1999) 2] ¥ A2FE FHo2 ¥ Fd
gastd EA (Matsukawa et al, 1997; Le Tutour et al., 1998;
Yan et al, 1999)o] #3 AF7} o]Foix|m g}

i AE FAY AWty A8E A3 939 butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl
gallate (PC) 2 tertbutyl hydroquinone (TBHQ) 3 22 &4
A A 7 ALRS o] gton ol g FAstAzt QA =3 2
ol gle] sHe ArthitZoly ASE Sz AAAZA
gg3te de 333 4 FagdAz A% gAY AU dF
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ol A FarstA 9] Mo a7 HI e AAold dA Hd
A8 A 2 g-tocopherol (Fukuzawa et al, 1985), flavonoids
(Cook and Samman, 1996) % B-carotene (Tsuchihashi et al.,
1995) ol AFAANA ALgE 1 YUt

oA 2Rl e FAAFgo) B 72 B (18NT Az
ol de] #2383 Y& carotenoid”} free radical ¥ hydroxy ra-
dical®] 788 2AZdelgn B1g v 2} Carotenoid?! fu-
coxanthing A EA E22Ho] o]£E F gl #FYFY o
S o) 7MEd HFoz W@y, FPAHY FAEZ AUE
free radical® AH3hEx] 248 &: ok (== MEE 1993).
%3 carotenoide FE5Y EIZ A dWEY A ATEF 2 43
48 (Miki, 1922 okUet B2 24 (Jyonouchi, 1993),
g2 2 $dd A8 (Kim et al, 2001)°] Atk

AU vAZFE HolAlg 14 AdazA 1 Asd ¢
F¥e A 7kl olv WA 9lot (Belarbi et al, 2000; Car-
valho and Malcata, 2000) 28717129 A9 FugAz o4
F e Fitstgde] @ A3 ou g A,
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o] £EEE o7 Y8t 2749 Phacodactylum tricornutum
(P. tricomutum) 9 F&E /= e P34 BAL £
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PR AR ArLY #5 AG vAEF &8 (F5383
o 543 AFARD o2 HEH FBofuol FAAREA AHE-SQT,

Fasy E2E #3282 A7 943 £48 thin layer ch-
romatography (TLC) plate$} ¥#& Preparative TLC (PTLC)
plate MerckA+9] precoated Kiesegel 60 FrsE AHE-3FH 2.1, si-
lica gel& Merck M9 Kieselgel 602 AH$-3}1th, High performa-
nce liquid chromatography (HPLC)$€ column ShiseidoA}<]
Capcell Pak Cis (¢4.6X250 mm)& Al&-3ten, e &7
Alekg AHE BT

2. Methanol E&9 =& ¥ ¥

SAA2E P. tricomutum 50 g%l 39 7} methanol& 7}
o goCol A 2412 Fo FF WAHEA 23] & A F A
Az methanol FEEE 3% Methanol F+3FEL 10%
methanol &) ¥H2A131 & Fig. 13} 20| hexane, chloroform,
ethylacetate 12| butanol2 A& £t dL AL&4 & &
Ao AP, BEQ 744 22 A=A £ A
Aol st

Raw materials
Marine microalgae

Extracted with methanol
(reflux, 2 times)

Methanol extact

Suspended 10% methanol

Water-Methanol
9:1)

Hexane
Aqueous layer

! Chloroform
|
Chloroform layer

Aqueous layer
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Ethylacetate layer Aqueous layer

Eluthanol layer ] ' Aqueous layer l

Fig. 1. Flow diagram for extraction of antioxidative fraction
from the marine microalgae.

3. st &3
3.1. Radical scavenging activity (RSA) &%
RSAT Hatano et al. (1988)9] & 4 WAdo 33U

Z Yz 4938 57} JEE methanol 2mLol Xo]i o}§
1.5X107*M 1,1-diphenyl-2-picrylhydrazyl (DPPH)/methanol %
o 05mLe E/T S ALolM 3023 WA F, 517 nmell A
FBEE 238 0 o2 RSA & AN 2T
AN g4 thale) 2mLY methanolE Ho] A5 §YH FEF 3
Hor FHEE ZAHsY) RSA &2 A% go Hdges
22200 b=

Hz7Y Fh-A89 4=
yz27y F4x

RSA (%) = X100

3.2, ICo#S &3

3% BAHEAL 1~20uymL %7t HA methanol 2mLal
=0 15X107*M DPPH/methanol €9 0.5 mL &§3le] H2
ol 4 3087 WA X 517 nmoIM FLZEZ RSA #E 73
279 F3xd g3 0% FHE 28 vehls AEY ¥

Z ICxo 2 EANFYT ICo#te A8 7y HIHLZE e
Waiet

4. gusty gzl 2af - FH|

244 887 £44 £ £ DPPH radical &A% 7H%
2 J2S NRZ ARESYT AERFY o 508 AEY silica
gel& R4 open column (¢35X300 mm)d] A EE FYF
¥, hexane, hexane: ethylacetate (5: 1), hexane: ethylacetate (1:
1), hexane:ethylacetate (1:5), ethylacetate, dichloromethane:
methanol (10:1), dichloromethane: methanol (5:1), methanol
¢oz £YAMA g7HAY 2FEES AU

3714 F29 8719 235 E FolA DPPH radical &4
Fol 7 F2 Ee £eAAL NER A 84 7
4 FS NES o 5~10% $902 ZAse PTLC plate (10X
20cm) 9l capillary syringeE A3t A8 & band ¥HZ F9Y
A F ANLv 2 hexane:acetone (7:3)8 AHg3tq AN

&, £718 €43 d2AJI2 UV lamp Q54nm)E F5UE
gy Y€ Z bandEE FolEo} chloroform : methanol
(1:D &9E AH83td F3H e XNEs 443 &34
o oad 3 gt dzEo 4709 RS it

PTLC &5 71} $& €48 712 88 2% 2239 ch-
loroform : methanol (1:1) &wie] %o HPLCAMY A5 &42
2 889 d. HPLCAA Cis column® AHE3IgHon o5 4L
H;0% acetonitrile2 3t ©A'E F=748 (80~100% aceto-
nitrile, 60 min) 22 &% ¥ FdlA DPPH radical 24%°]
7H8 & 8¥¢ HPLCE oA AA A

5. FZEHN

P. tricomutumdl X £3] - AAE F4A34EH BAY Fxe
NMR (Vadan Unity Inova 750, USA), EIMS (JEOL JMS-SX
102, USA), FT-IR (Perkin Elmer Spectrum 2000, USA) ¥ UV
(Varian Cary IC, USA) 71718 AH&-3to] &el8tgld).
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P. tricornutun® methanol &% ALY A4 JEE°
8248144 & DPPH radical 2A% ¥4 22 5743 DPPH ra-
dicalg 50% A2AXIE AgFEY ICH#22 Uehlidd P.
tricornutum®] W@ o}@e B1 (Kim et al, 20004 44
32N DPPH radical 27159 400 yg/mL °)’FolleH, A
£4 829 AL$E chloroform, ethylacetate 2 hexane JEUA
2zt 50 yg/mL, 104 pg/mL 2 148 yg/mLZ chloroform && 9
DPPH radical 274%°] 7} Etth

Choi et al. (1993)& & ZF 18%9 methanol FEFF0
DPPH radical £7%& £33 23, tIF¥ 480 yg/mL ]l
A9\ Ecklonia stolonifera® Symphycoladia latiusculat 2t2
688 pug/mL % 542 pg/mLol Ak EI3Hh £ Le Tutour et
al. (1998) & vitamine ES} 559 @2 F F& 8 td A
o AL ERE FAT AY, 5% EF 13~45% FH WA A5
Zgol glo] sfFAd 2Fol FAFAC] AL e FIHAT

£ dAFdMe DPPH radical £4%°] 7% ¥ £3& P
tricornutum®) chloroform %22 Choi et al. (1993)0] B
ZH AY $ARYLY, P otricornutum® chloroform §E& ¥
g AAL Agg AR

| ZF P. tricomutum®} chloroform &< slica gel column
chromatography®| A 8719 Eoz EeE3te] 7% AXJAL
ozt 8P F¥% 40puymLE ZHE RSA & Fig 20l et
Wtk 2440l 23 hexaned 1 492 £5¥ C1~C39
RSA && 2% 10% o3tz wA velgen E§&ve A+4
T2 5o £3AA 98 HE 7 R 8L 47 8% % 5% E
A5 EREE §29 ¥ v A Jedh o] 8749
8% #d A dichloromethane: methanol (5:1)2 §&A7 4¥
C7¢1 DPPH radical £7A4%°] 714 %ot 4 BARAZL=
PTLCE #3th

Dichloromethane : methanol (5:1) g%& PTLCIA 4709 §
B o U%o] chloroform: methanol (171) 492 5% ¥ %
ot Azt AEY ¥EE 40 ug/mLIA ZASHa] RSA ¢& &
A9t (Fig 3). Silica gel column chromatography@ Al
A3 vy e FTAA o 20% A §Ao) FHHAG

PTLCAA #2& & F 7b4 4] $2 T3 &2 Cu co-
lumn®] ZX ¥ HPLCE °]&3t9 H,09} acetonitrileS ©]-&3t4]
wAE F=7ug (80~100% acetonitrile)dl 23 % 1.0 mL/
minZ £8AA AAF AHAEZ Fig 40 JeRH AT HPLCAA
T3 982 449 g8 (HI~HHLE FyHien, 4 &8
2Rz 20 p/mL FEANNY RSA &8 &H3At 4 ¢
B 20| RSA &2 retention timeo] 1840 ming & H27} 713
o 2351gt} o] §2& A HPLCE AAE A dd §£& 3
o (Fig. 5), 3449 3% &23A4< atocopherol, BHT %
BHAY ICs@2 Table 191 ¥lmate] Yehigich BAE £329)
ICoft & 83 pg/mLE ¥4 343149 BHT ¥ BHAX U= &4

o
e

CHER - AT

RSA (%)

AEH

60

50 A

40

30

L

RSA (%)

10 -

L]

Cl C2 C3

C4 C5 C6 CT C8

Fraction

Hydrophobic Hydrophilic

Fig. 2. Radical scavenging activity (RSA) of fractions further

isolated from chloroform fraction of P. tricornutum
with various mixed solvent system. The sample concen-
tration was 40 ug/mL. The organic solvents used are as
follows: C1, hexane; C2, hexane:ethylacetate (5:1);
C3, hexane: ethylacetate (1:1); C4, hexane: ethylace-
tate (1:5); C5, ethylacetate; C6, dichloromethane'
methanol (10:1); C7, dichloromethane : methanol (5:
1); C8, methanol.
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Fig. 3. RSA and preparative thin layer chromatography (PTLC)
chart of fraction C7 extracted by dichloromethane’ me-
thanol (5:1). Developing solvent used hexane . acetone
(7:3), and bands were identified by the UV-lamp of
254 nm.
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Fig. 4. RSA and reverse-phase HPLC chromatogram of active
fraction T3 of PTLC. The operation conditions of
HPLC were carried out with step-wise 80~100% ace-
tonitrile as mobile phase at a flow rate of 1.0 mL/mim,
and absorbances were measured using UV detector at

254 nm.
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Fig. 5. Reverse-phase HPLC rechromatogram of active frac-

tion H2. The operation conditions of HPLC were car-
ried out with step-wise 80~100% acetonitrile as mo-
bile phase at 1.0 mL/mim of a flow rate using UV de-
tector at 254 nm.

o] YA A F3sAQA a-tocopherolB b thd A Y
st

Table 1. The radical scavenging effect of the purified com-
pound on DPPH radical

Samples ICs* (ug/mL)
a-Tocopherol 9.8
BHT® 34
BHA® 1.8
Compound 83

* Amount required for 50% reduction of DPPH radical after 30
min.

®Butylated hydroxytoluene

°Butylated hydroxyanisole

Values are means of three experiments.

2. FEEY

U AIZF P. tricomutum® chloroform #3822 EAAH
izt £49 43 AN 544 FE2A W80 hexane:
acetone (7:3) 22 TLCAA AN A3, R@kol 0252 YEytd
o] BA F2E £4317] 943t4] FT-IR, UV, EIMS % NMRE
Z3ggon ol dug FHHLE HENA F2E AR
th o 3§29 FT-IR spectrum Fig, 6149 20| 3363 cem™
o) A hydroxyl”], 2956 cm™'¢} 2917 cm™'el A AWE CHY 53
A F4d7h 9o, 142em7'e 964 em M Y FaTi2
Hol trans-alkene 727} A&& FAE & Atk UV spectrum
(Fig. D& 249 chloroform $wolA A.,akel 430, 454 & 483
nm¢ ZA2& Ho} conjugation®] Bo] Hoj 9lv EAYE FAHY
# 91900 EIMSE 238 2% (Fig. 8), m/z 569142 mole-
cular peakE HAY F AT o149 spectra data$} 'H-NMR
(750 Hz, CD,CL) spectrum< Britton et al. (1995)0] E1& ca-
rotenoid®] spectroscopy?t Ml ¢« F3¥ ZH, zeaxanthin® & F
AHAG (Fig. 9.

olu] carotenoid® FAIBAZHA Wol A oM, zeaxan-
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Fig. 6. FT-IR spectrum of compound purified from chloroform
fraction of P. tricornutum.
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1990; Miki, 1991). 28] 2 Mortensen et al. (1997)& carotenoid”}
HO(CH,):S, RSO;, GS % NO; radical £22 A&7} wz
g Bastgt,
AW Eo] ZA3E  carotenoidE  P-carotene, astaxanthin,
zeaxanthin, tunaxanthin 2 fucoxanthin 59 ©¥# carotenoid
3 b #250] Ak (Kb, 1979). o)l = 3D Ianthella basta ¥
# ¢ bastaxanthinft, E7M}E]l Ophiocomina nigra 9|
ophioxanthinF 9] carotenoid®) +%7} A3 =Y (Liaaen-Jen-
sen and Hertzberg, 1995). £% o1& f#: < salmoxanthin@ pa-
rasiloxanthin, )"l &< mactraxanthin, B A < halocy-
nthiaxanthin® mytiloxanthin §9 carotenoid7} B2¥ o] 9tk
(Jril, 1979). ©]& carotenoid =14 =3 astaxanthing A-$,
A, 59 AR doly 2K EA3e A carotenoid2 o]
7o Aol ASHT glon, oy AL WAE Fd, 5=
Haematococcus pluvialis®t X Phaffia rhodzyma®] WAoo 2
H8 #&531 Yt (Bernhard, 1989).

Mortensen et al. (1997)& linoleic acid®l W3 carotenoid 7 2
g4kt AFol A astaxanthin, canthaxanthin, B-carotene 2
& AUk E& carotenoid7t YF 344, free radical 2 hydroxy zeaxanthin 22 Ao =3y BudYth £& Lim et al.
radical®] ZE ¢ £2AZAolgle AE BuH Sl (el & (1992) & egg yolkol A astaxanthin®] #F4+stAde] 744 3o,
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Fig. 7. UV spectrum of compound purified from chloroform
- fractiomr of ‘P. tricornutum.
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Fig. 8. EIMS spectrum of compound purified from chloroform extract of P. tricornutum.
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Fig. 9. 'H-NMR spectrum and the chemical structure of compound purified from chloroform extract of P. tricornutum.
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Th3 0 2 zeaxanthin, canthaxanthin 283X B-carotene®l A THL
g u glth, o}59 AFAAM carotenoidF S FAHAFL as-
taxanthin®] 2™, fcarotene®] Rtetl old ¢ Zae 2
Matsushita et al. (2000)° 8|4 % astaxanthin--glucoside, as-
taxanthin, zeaxanthin, f-carotene &2 F4t3lAde]l Ettte
BaoA #d 4= 9oth 283 Siems et al. (1999)& o)A
2 ZAFol o carotenoidd HFHAEEE FAEE AH, lyco-
pene > f-carotene > zeaxanthin > lutein &2 22X AMgre] ¥fo]
U 2N Atagtide] AAd zeaxanthin® lutein®} F2A4E
A A gt gt

o AeRANA 12 AR dF Aol 7hEd vAZzFR
HE #2 - 5%E zeaxanthin® 7] BTN Zo] carote-
noid% oA astaxanthin 2the F4ksAdo] Wbyl p-caro-
tene B THE EA40] ®-& B ol Addd g IAHE
o} carotenoid®} HEE A EolellA o]E9 FAsHe &g
THH zeaxanthin®] ©]§ &&4o] & Aoz 7[dd)

(@] ok
I =
B AT vy Ago] WE wjgfe] Lold AUz
AER F 27 &3< P tricornutum 258 AA s 3
484 BAE 29 - FAEY B4 F2E HHC.

P. tricornutum® 4 7180 F&&9] #4844-L chloroform

2ol 7V} £%om, o] §2& AEZ 39 silica gel column
chromatography, PTLC ¥ HPLCE AH&dte il EdS
28 - AAH Silica gel columng AH&-3te Feld £
g2ks}4 2 dichloromethane: methanol (5: D2 §&A17 &
A A% wstow, o] gEo PTLC &2 Fatstidol 20%
7tttk HE AAE B4 1Coa#< 83 ug/mLO 2 g3tHo g
A9 F4r3A2 BHT ¥ BHARTHE WgtAwh Hd g3}z
9l g-tocopherol2 0t 4 A velgon o 249 3187
TZE carotenoidF ¢! zeaxanthin® 2 F4 At

|

HAte =

I

B AF7E 19969U% HRESEATATNA AW gERad
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