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Determination and Isolation of Antioxidative Serotonin Derivatives,
N-(p—Coumaroyl)serotonin and N—feruoylserotonin from Safflower Seeds
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ABSTRACT In the methanol extract from safflower seeds,
two kinds of antioxidant were detected by preparative HPLC
[u-Bondapak Ciz column (7.8%300 mm)]. Two unknown com-
pounds were defined as CA and CB which had peaks at
22.1 min and 24.5 min, respectively. Antioxidant activity
was measured by their scavenging ability on the stable free
radical of 1,1-diphenly-2-picrylhydrazyl (DPPH). For bulk
extraction of antioxidants, the methanol extract was frac-
tionated with hexan, chloroform, ethyl acetate and butanol.
The ethyl acetate fraction showing the highest DPPH radi-
cal scavenging activity was further purified by silica gel
column chromatography to CA and CB. By NMR analysis,
CA and CB were identified as N-(p-Coumaroyl)serotonin
and N-feruoylserotonin, respectively. The content of N-(p-
Coumaroyl)serotonin and N-feruoylserotonin were analyzed
by reverse phase HPLC using a u-Bondapak C;s column
(3.9%x300 mm) with linear gradient elution from 10% ace-
tonitrile to 50% acetonitrile for 30min on UV detector at
300 nm. The contents of N-(p-Coumaroyl)serotonin and N-
feruoylserotonin were 4.11 mg/g DW and 7.29 mg/g DW,
respectively, and these two DPPH radical scavengers were
detected only in the hull of seeds.
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oylserotonin—S—O—B—D-glucosideﬂ sro wlo] QItHLee, 2005).
N-(p-Coumaroyl)serotonin¥} N-feruoylserotonin<- DPPH
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50| QtHKim et al., 2004). £3], N-(p-Coumaroyl)sero-
tonin< endotoxin-stimulated human blood monocyteo]| 2]
g TNF-a2] A4S oAete 5280l AL, H2AZ
Z Al a7} ck(Takii et al., 1999).

Sk Ao &35 N-(p-Coumaroyl)serotonin?} N-feru-
oylserotoning £-a}- =Aste EEFEZHES &Il 19| 7]
A9 gigt A4+ B i(Kang ef al., 1999; Kim et al., 2004;
Lee, 2005; Roh et al., 1999; Roh, 2005)%= ot} oz}
oot eluras} HPLCE o] 8% waEde] U A1)
Arolste] 3R]0 A N-(p-Coumaroyl)serotonin¥} N-feruo-
ylserotonin®] 484 o]&Z 93+ HHT =0t Ak
of i wlwsh 44 sk

U}E]-}v] H il 3 5kEto]| 385 DPPH radical £&A
E4 9l N-(p-Coumaroyl)serotonin¥} N-feruoylserotonin
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Fotal 79 10¢9 &35 o, 50CoA 247t A=x3}
o] 3HE HERA ) o]&atgrh HEE A4 10 kg/10a,
oAt 7 kg/10a, Ze] 7 kg/10a 12|11 E)H] 1,000 kg/10a&
A 7)H 2 A L3t9 YRYEE 405/m’ 2 Aujstelch

Preparative HPLC ££|2| DPPH radical 27 &M =X

23} £2} 10 gof HPLC—Q— methanol 100 mlS 7|51 50C
oA 24417 AT T AT oATshelnh. IAFE 2
ez Mea 5 ojmole Eaelel A SHAA
22 methanol 10 ml2 £33} preparative HPLC(Yong
Lin 930D, Korea) +-49] 0.5 ml¥ A5 Z A28} T} Prepa-
rative HPLC 42 H o5 ZH-& u-Bondapak Cis column
(7.8%300 mm), 332 300 nmoj|A 43}t of5Are]
A&1l-= HPLCE 84, B&j= 100% HPLC-% methanol
8-o0S AMRSFG T, BE9] 35%9) 4 40%7FA] 3 ml/min2]
FEORE 7|27 RER BASAL, R 3 mA &
F(GILSON FC 203B)5}o{ DPPH radical A4 A S &
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Preparative HPLC 5418 &£3}o] €<¢I3t DPPH radical
oA BHEAL S0} BAS Bojol g 2EeLA, B
3} 22} 20 goll HPLCE methanol 200 mlE 7}3to] 50C
o| A 24A17F A3 & AR 2 o 135} L, methanol

ZE 100 mlo] =7 20 mlE 7}3F ¢} hexan 100 ml A
2§] Ae]sto] hexan £IEE AU st A 5573t
o] methanol-2 A A3 oS =F4 50 mlE 7}t v} chlo-
roform< 50 ml& 23] % 2]5}] chloroform 23ES A%ich
Arz HB15of ethyl acetates 50 mlA 23] *|2|5}o] ethyl
acetate £33 28 A9l o0 n butanol EIE-L E29| butanol
50 mi¥ 23 Aokl Pgich 4] BHBE 27 Y 5
23} t}-2 methanol 100 mlZ2 &3}3%ct.

Lol 23818t A]F2] DPPH radical £ A E+= 0.15 mM
DPPH methanol £ 2 mlof| E3A|E 100 wle} methanol
1900 W& E3ste] A2oA 3087 ¥ha-A1F] o3 517
nmol| Al EFEE 75t ASSIAT

Hexan, chloroform, ethyl acetate, butanol, ZL&]1l &{F<
2 =235 247+o] Lul|B38].2 preparative HPLC E4-& &
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2210 peakS Z+i= dHAFSHEZR CB: 24.5829] peak& %4
= 4B 22| FEA oRE s
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23k22] 10 g2 methanol 3552 ethyl acetate 213}
7ol =231 th2 methanol 10 mlo) £33} 5 mlA silica
gel column chromatographyS A A3}t Column 27
40 mm, Z o] 150 mme} -€-7]¢] silica gel(68-200 mesh) 90
oS 7oz Y Astan, L chloroform(CHCL)
3} methanol(MeOH) 9:12 &3}5lo] 0|83} 1L 300 nm
o] mpAfol|l A P E RIsHRTh &1l ol S 10 ml/min
o2 3191 FEHY 5 mlA EFH(BUCHI Fraction collector
C-660)3t0] 2742 BHeFRS Wik

27019] $}3HEof gt H-NMR(600 MHz)z} C-NMR(150.92
MHz)%] AHEH-L 600 MHz FT-NMR spectrometer(JNM-
ECA 600, Japan)= ARl 24515 0] A|F-89j= CD;0D
£ ARESHElal TMSE WHREE=AE .



FUT K

gkl Serotonin SFEMEQl AME

Z3EA} ol A Serotonin 3}5HE9] A JHWEA HPLC

g ANl A5t 33} 2] 1 go HPLCQ— methanol
10 mlE 7}5tof S0C ol Al 48417k 213t & oA A2 o3}
glo QFAA|ZI 3 10 X 439 ExA02 7Hy
0

w-Bondapak Cis column(3.9%x300 mm), I3H2 300 nm
oA EA5 T o]=Ae] A8 100% acetonitrile &
o, BE&= 0.05% HPOsE AFESHG T A8 10% =2 £
AL AAFslo] 3080 50%7HA] 7| &7 2ER 1 ml/min2)
£2 3 B4t
gt o nE

Preparative HPLC 22!°| DPPH radical £ &M =X

3219 H|EhE 558 u-Bondapak Cig column(7.8x
300 mm)e. 2 FA%t preparative HPLC -4 9182 Fig.
137 Zroh 1.68-5Y 31.68 714 13709 9k mj=7} el
won ols &£ 22281} 24580 A&H uavt 7V A
A b

HPLC &4 7% =Z p-Bondapak Cig column(7.8x300
mm)s ARESH A2 SA49 Holof mit ItES £t
o] DPPH radical A4 L& 2A3517| 93t Ao|qlom,
methanol €18 AL %7] &7} 35%HT =0 HE
m2 o] Uk Agto] WebA mage) Hejsl @ o)z
o2 SESHIL, 35%HTH ow B o] AofA| T 73
B Ane Btk a9 10jde) 2ol 2719 gy
EEE 35%9A AlASE A9o= 2228 w9} 2455 o
3o} =7 A vt UV o49] 49, 280 nmof

119.3504

o L
2 g
8 3
86,7841 CA ! CB
8 . ik H 8
b g 3
o © < o
mV ss2177. 2 b !
© :
23 . L8 g
(7= I i W < \':_
21.6513) oL 2 s &
il ! e -
&2 -
AN
.;‘f .“ ‘;\ LA ~ s
U@ T bomoves oo i e b
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Time(min)

Fig. 1. Preparative HPLC chromatogram of the methanolic
extract from safflower seeds. HPLC condition: column,
u-Bondapak Cis column (7.8x300 mm); solvent, 35%
methanol; flow rate, 3 ml/min; detection, 300 nm.
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Ml AYA O 2228 139} 24.55 1] A7} 300 nmo| A
B} Zhoba o m, 330 nmof| A= 838 139} 24.58 w3
7F A3 280 nm<}t 300 nmol| A AA| Ve 2228 1 =7}
Aozl Ao] ERH 0| o, 360 nmo AL 835 757}
27 et

Preparative HPLCE AA|SIHA % 3 ml& 233 A
29| DPPH radical &4 AT Fig. 20|49} Zo] 22~
245 B3 ARoA o] e om 53] 2253 24+
off £33t A=A =A Uehkth o|¢f 22 ZATol| 4 DPPH
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mm)2 2 H23}9E o N-(p-Coumaroyl)serotonin®] N-

Hu: » o rlo

o

S o} N-feruoylserotonin

feruoylserotonin 2.t wWh=chal 3¢t weEbA E A9
22283 2458 IHEY FRE €71 AN BAEAEL=

skt

120

100

o
o O

activity(%)

DPPH radical scavengin
I
-]

30
o

o

1 4 7 10 13 16 19 22 25 28 31 34 37 40
Time(min)

Fig. 2. DPPH free radical scavenging activity of each fraction
by Preparative HPLC. HPLC condition: column, W
-Bondapak C;s column (7.8x300 mm); solvent, 35%
methanol; flow rate, 3 ml/min
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)9 CB4.5% 72| AL 5 54 % 223
7] $15to] ZBREALY] methanol &8-S T4o| wet 4

B3151oy DPPH radical A&7 A =@} preparative HPLCE
A-S AAISH A= Table 13 Zt) 0] 23]&29 DPPH
27 SA == ethyl acetate F3 oA} 94.5%, butanol
B30 A 43.4%, “18|al chloroform E2o|A 14.3%E 1}
Efflon SR B3} hexan A= 242 10.6%2}
43%= 2A Yeryth
Zb gujaEloll A yehd 3HARHEZS methanol F&&
oA BRIT CA, CBSF SUT BAUAE FHar) Sato
preparative HPLCZ E-A}3}¢ith Methanol &59] CA%}
CB9| ¥ZHAZ 100% 7|E2& stof 724719 {229
CA, CB H& 1} B|ustS-2 7S ethyl acetate 2304 CA
94 1 H+= 81.8%, CBY #3E= 75.1%2 Ve S, butanol
H319] CA, CB7} 8.3%%} 7.8%= ZHZF X ¢ © 1] chloroform
SSlolA CBY] 318 42% Relc) ols) 22 Ank
9 3+2Xlo]| A DPPH radical A4 AL Hol: slstEL
ethyl acetate 2o Holrl= EALS H Y O butanol
glof A CASt CBY FA7} HgtE &5 7|$2= 83%
% 7.8%= HQl AL ethyl acetate2 A3 2HE A k&
=2lo] butanol2 =% AHOo=2 A;ZETC}

radical

Olr

SiASHA Serotonin 3felEC] 22| W =3

Ethyl acetate £28&E methanolZ 83|53t silica gel
column chromatographyE A A|TH A3} 300 nm 3HAFo] A
BHETL £ CA% CBO| 2% SHEE o 130 $3
427} 9tk 90% chloroform/methanol 22 10 ml/min
o £E2 el v 300 nmol A FHE} HL 2749
a7} e, $9 w36 Susts BHAS mob
= 3F U2 A% methanolo] 8€-3)|3}% preparative HPLC
= AAS A7 CASH CB7} 247 Bl B EE HeEg

T CB7} CARC v FelH it

N-feruoylserotonin®} N-(p-Coumaroyl)serotoning 2|3}
7] 913} column &R AE &Ea]3tA W (Kang et al., 1999;
Roh, 2005) &ufj¢] &5 4 =% 5 2|slo(Lee, 2005; Back
et al., 1999; Zhang et al., 1997) &8 GAE AA= Aol
AdbA o] 9] 01} Ethyl acetate 2222 90% chloroform/
methanol -£0]S o]&3}od 1 mi/min® &2 BT o
HEeHA 2744 3tES 2EE #UF -

CA%} CBO] 722 #91517] ¢3te} 'H-NMRI} “C-NMR
B2 AR)3 A} Fig. 3, Fig. 42} Table 2042} 2ol 1}
pra
CA 2] '"H-NMR spectrumo]| 4] para-substituted benzene 2]
proton signal[7.38(H-2' & 6", 6.78(H-3' & 5"] § 7.42
(H-7H3} § 6.41(H-8")2] proton signal 2 5-E] trans olefin -
%ZE 3ois}9 1 ABC type®] aromatic proton 5-2H 2] signal
(6 6.95(H-4), § 6.66(H-6), 6 7.16(H-7)]2 Brelstah &
&, PC-NMR spectrum®]| A]= serotonin[§ 124.26(C-2), &
112.38(C-3), § 103.51(C-4), § 151.14(C-5), & 112.51(C-6),
§ 112.65(C-7), 6 133.13(C-8), § 129.44(C-9), § 26.49(C-
10), § 41.47(C-11)], p-coumaric acid[§ 127.64(C-1"), & 130.57
(C-2), & 116.75(C-3", & 160.75(C-4"), § 116.77(C-5"), &
130.57(C-6"), & 141.75(C-7"), & 118.46(C-8"] ¥ CO7|(6
169.31) e} signal S 702k Shelat % Ugich PE spec-
trum®] EAo| o|u| Bi1%E F3&X|(Kang et al., 1999; Lee,
2005; Roh et al., 1999; Zhang et al., 1997)2} L X]3}% 7|
CAX N-(p-Coumaroyl)serotonin©. 2 5A4& =7} Uch

CB2] 'H-NMR spectrumo]jA] ABC type<] aromatic proton
2.2 9] signal [6 6.95(H-4), § 6.66(H-6), & 7.16(H-7)]& &
Q)3td om, [6 7.11(H-2), § 7.01(H-6"), § 6.79(H-5")2 5
E] 1,3,4-trisubstituted benzene< 21e = Tt 6 741
(H-7H3+ § 6.43(H-8")2] proton signal 25-H trans olefin

)

Table 1. DPPH radical scavenger activity and relative ratio of HPLC peak area in each solvent fraction from safflower seeds

DPPH radical

Relative ratio of Preparative HPLC peak area (%)

Fraction ..
scavenger activity (%) CA (22.2 min peak) CB (24.5 min peak)
MeOH Extract 04.8 100 100
Hexan Fr. 4.3 0 0
Chloroform Fr. 14.3 0 4.2
Ethyl acetate Fr. 94.5 81.8 75.1
Butanol Fr. 43.4 8.3 7.8
Water Fr. 10.6 0 0
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Fig. 4. "C-NMR spectra (150.92 MHz) of CA and CB isolated from safflower seeds.

ZE, 183 6§ 3.879 signal2 2 € OCH;7]9 protong Z+  § 112.38(C-6), § 112.51(C-7), § 133.14(C-8), § 129.46(C-9),
7} golstgt}. E3h PC-NMR spectrumo]| A= serotonin[§ & 26.47(C-10), & 41.48(C-11)], ferulic acid[§ 128. 32(C-1"),
124.28(C-2), § 112.66(C-3), & 103.52(C-4), § 151.16(C-5), & 111.52(C-2), & 149.27(C-3), & 149.80(C-4"), & 116.43
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Table 2. '"H-NMR and “"C-NMR spectral data of 2 compounds isolated from the safflower seeds

'H-NMR spectral data (600.17 MHz)

PC-NMR spectral data (150.92 MHz)

CA CB CA CB
2 7.02(s) 7.02(s) 124.26 124.28
3 112.38 112.66
4 6.95(d) 6.95(d) 103.51 103.52
5 151.14 151.16
6 6.66(dd) 6.66(dd) 112.51 112.38
7 7.16(dd) 7.16(dd) 112.65 112.51
8 133.13 133.14
9 129.44 129.46
10 2.92(t) 2.92(t) 26.49 26.47
11 3.56(t) 3.57(t) 41.47 41.48
1’ 127.64 128.33
2" 7.38(dd) 7.11(d) 130.57 111.52
3 6.78(dd) 116.77 14927
4 160.75 149.90
5' 6.78(dd) 6.79(d) 116.77 116.46
6 7.38(dd) 7.01(d) 130.57 123.23
7" 7.42(d) 7.41(d) 141.75 141.97
8" 6.41(d) 6.43(d) 118.46 118.86
CO 169.31 169.22
OCH; 3.87 56.37
*Determined in CD;OD. s, singlet; d, doublet; dd, double doublet; t, triplet.
(C-5", 6 123.21(C-6"), 6 141.96(C-7"), & 118.88(C-8)] % 2035173,
CO7}(6 169.22)2} OCH;71(6 56.37) 9-219] signalS 77+ | cAl . CB
21 4 AT BE spectrum®] o] 7|29 B(Back
et al., 1999; Kang et al., 1999; Lee, 2005; Roh et al, = 2
1999; Zhang ef al., 1997)%} AX)3tQ 7o) CBE: N-ferulo- o0 o
i I |
yserotonin &2 53 3¢tk |
31.2291 AT ; ; E_E |
g i AN
2itsty Serotonin SlelEe] g 62008 e
32__ 1 Z].‘_J ]]ﬂ%% 2’&-21__] o __‘__)_\41%_ LL_Bondapak CIS Column .00 5.00 10.00 15.00 _[?:)mﬂoe(miri%OO 30.00 35.00 . 40.00

(3.9x300 mm)°. 2 F2|gt Zi}= Fig. 59} gy B4 Ef
+ acetonitrile©] methanol®2t} 300 nmoj|A] SFTE K]
= 9259 HI 7t ] =0} acetonitrile o] 83T
Acetonitrile 8] 5 B XA XA A] 10%, 1559 15%, 30
50%¢] 7]@7IMER BA}AS 1 ase] By
Tt e BEAAIZr] ZA TEEo] 18.88 1) 22.08
1Al 29.6320 300 nm 9] FF = w47}t #A EoE Sl
o)} Z 4 A= preparative u-Bondapak Cig column
(7.8x300 mm) 2. = F-A3F ZAike} v FARRE HgFS Hol
1 Qi

ddEdE Falste] +x2E &¢Igk N-feruoylserotonin
7} N-(p-Coumaroyl)serotoning HPLCE BA&}o] vl st

"I._.l 11_-.

| Fig. 5. Analysis HPLC chromatogram of the methanolic extract

from safflower seeds. HPLC condition: column, u
-Bondapak Cis column (3.9x300 mm); linear gradient
elution from 10% acetonitrile to 50% acetonitrile for
30 min; flow rate, 1 ml/min; detection, 300 nm.

A3}, 18.850] Uk} 335 CASH 27 No(p-Coumaroyl)
serotonin® 2, 71811 22.089] YEl}= w3 = CBe 2
o™ N-feruoylserotonind YE = A2 2RIEHUC
N-(p-Coumaroyl)serotonin®| N-feruoylserotonin} 2.t} u-Bon-
dapak Cis columnofA © #d) E=9itt

28} 3245 7423 LT o} N-(p-Coumaroyl)
serotonin®} N-feruoylserotonin®] $+eFS A%l AN Table
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Table 3. Contents of N-(p-Coumaroyl) serotonin and N-feru-
oylserotonin in safflower seeds

Contents (mg/g seeds)

Serotonin derivatives

Whole Hull Kerne]
N-(p-Coumaroyl)serotonin 4.11 4.45 0
N-feruoylserotonin 7.29 8.34 0

3), AA|EA| g-¥ N-(p-Coumaroyl)serotonin- 4.11 mg/
gDW, N-feruoylserotonin> 7.29 mg/gDW 2.2 N-feruoylse-
rotonin®] 80| N-(p-Coumaroyl)serotonin Eo} E @k
oo, F 248 B TX0] g4 Rt &gt Aoz
JEbR S $4F A4S 245 AR FA AR A = 7}
A sheE BF ol B W AL FAlf Idid IE
o] F&°| FFS FW HEorE HadHch = B ¢
S Lee(2005), Kim ef al.(2002, 2003)0] H 113} shakH
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