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Nitrite Scavenging Ability and SOD-like Activity of a Sterol Glucoside
from Chrysanthemum coronarium L. var. spatiosum
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Department of Food Science of Technology. Seoul National University of Technology
'Department of Visual Optics, Seoul National University of Technology

Abstract From the total methanolic extract of Chrysanthemum coronarium L. var. spatiosum (Compositae), nitrite
scavenging ability and superoxide dismutase (SOD)-like activity were analyzed as antioxidative characteristics. After
successive partitioning with chloroform, n-butanol, and water, the chloroform fraction showed the most significant nitrite
scavenging ability with an 1C;, value of 39 ppm compared with the values of vitamin C and chlorogenic acid, 15 ppm and
36 ppm, respectively. The active fraction was subjected to silica gel and Sephadex LH-20 column chromatography, and the
compound was isolated and identified as [-sitosterol-O-B-D-glucoside using 'H-NMR and "“C-NMR spectral data. The
glucoside was further hydrolyzed and confirmed as a glycosylated [-sitosterol. The compound and its aglycone, B-
sitosterol, showed different nitrite scavenging and SOD-like activity. The IC,, value of nitrite scavenging ability of the
compound was 335 ppm at pH 1.5, while that of its aglycone was 41 ppm. As for the SOD-like activity, the ECy, values
of the sterol and the glucoside were 1,291 ppm and >2,000 ppm, respectively, compared with those of vitamin C and

chlorogenic acid, 38 ppm and 449 ppm, respectively.

Key words: Chrysanthemum coronarium L. var. spatiosum, Compositae, B-sitosterol-O-B-D-glucoside, nitrite scavenging

ability, SOD-like activity
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B =

y = O
FoF vhgsle] wlEAQl nitrosamineS A3 ko] o}k
d 27F89 EHL Uk AdAe] AAFES & é% &= 9]
= H&7l 4 4 Ark®). %3 SOD TF}‘]‘ELH A §4F of

YA F2 phytochemlcaloﬂ &= AEAF B0l SoDS}F AL

g 9E-S 319 superoxide] J%’é% “7]5]"1 superox1dei T
B AAE wsetty Bzl gk wlebd SOD SAEAS

7= 38 AFHES A U9l superoxideE Zﬂ 7-]?}2_%’%1 A=
3} oJR¢} dEo] e Feg wold &+ e Woler Azt
Fh9).

2 5L (Chrysanthemum  coronarium L. var. spatiosum)-
(Compositae)ell Fal= AFa] Ahite] dd W= ojd
olm(10) 5%, &=, SARtelgt Al Eel97]= dir) *‘?’Al’]ﬂ =
AAEQ 53 J"PO] Chrysanthemum  coronarium®| 3}8¢
of gt A== flavonoid(11), acetyleneZ 3FgHE-(12), sesquntel-
pene(13‘14), quinic acid 50| H3E] 3 QJOLf(15) =ujollA] it
HQl AFo= s o]8H &7t 7Ae= a2 As

Al

Z:

o)
3 PE

A3 Aol digh A7t rle)gk Aol Aje|EAdel gt
AF2E FF5AER] Chrysanthemum indicum(Zr=1)2] alcohol 5=
ZEo] AL gl tigk Bivt loem(l6), £3t
o] AR EAE(17)0] thet A77F Hix o] 9oL} &7te)A
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BABHE el wLEde) o A7E F o 2w
Wjolo} & Wark Aok B ANE % g

3 SOD AR E 7HE ERlsla F vighes FEYo Y

& Psa AR shopy PRE W 7154 4802
o e PFsdE AT

Mz 3 aY
uE M=

A AZAZ] 22k 19999 2900 A guiska oFshrysh 3
& ohxglol Fiue} AgSIROm, FAKLL Aerista
opstrjst 4 ozl WESL

Alet

AdazvEads g del7t A2 Silica gel 70-230 mesh
(Sigma, St. Louis, MO, USA)&, Sephadex LH-20-2 bead
size 25-100 um (Pharmacia, Sweden)®] 712, TLC(Thin layer
chromatography)-§ 2 2= precoated plates(UV indicator, Sigma,
USAYE AHgsislen, 34tsl 84 588 A= pyrogallol,
ascorbic acid, chlorogenic acid, naphtylamine, cacodylic acid,
hydrochloric acid, sodium nitrite, citrate buffer, acetic acid, Tris-
base= S+ Ak (Sigma)S- AHESIIAL sulfanilic acide 15 A<k
(Kanto chemical, JapanyS ARMS-sl9it). £7te] &3 Ay azn}
Eogu 8 Sl 159 Al9(Duksan, Korea): 12+ SF3te] Al
23193, 2 9ol 48 1 Al%(unsei Chemical, Japan)S
AMg-RATE, HgE TLC 2AIAS)F anisaldehyde-H,SO, spray reagent
+= anisaldehyde 0.5 mL2} 98% acetic acid 10 mL, ™]¥HS(metha-
nol, MeOH) 85 mLe] =& H,S0, SmLe} &§}ale] #|zs}o]
AMS-8I9AAL, FeCl, reagent= 10% =802 yHso] AME-&1T).

=& 9 =4

A Az F7E 3keg A Adsle] 3F WAHE B
ZAIZL FE71004 80% MIRHEZ 60-70°C, 6417 33] F&3)
T ofiele] FEFAS RO 1 oL rotary evaporator(Uni-
trap UT-1000, EYELA, Japan)i 40°Cel*] 7} w3dle] & &
5 300g2 AUk o] FEFES THTO gAY T o=
ol wet EAtH o FEele] 7t RS Alzdl(17) R
3EE(chloroform, CHCl,) %)% 71 g, ¥-2(n-butanol, #-BuOH)
Y E 287 E(H0) B¥& 57gS Qo] ol 7 BFoz o}
ANE 2AZE 9 SOD FAHEA 28E sieith

OFEIAY AKX =M™

O} 2F (nitrite) 2271 28-S GriessA12F2] sulfanilamide$} N-1-
naphylethylenediamine dihydrochloride”} NO,2} 8F8-5}od azos}3t
B8 YA o] azodlHEe] FE7) 520 nmollA Hoizke
ERE R o]& o]&3le] ZAE 4 ol 7t A8 oA &
28-S Kato(18) 521 Whiel st o3} o] A3t
I mM NaNO, €9 2mLell A& FFE 0.1g% 718F 5 01N
HCl, 02M A% ¢3S o] gale] pHE 27} 15, 3.0, 4.5,
6.002 zAsl Wkg-8Ae 10mLE st} o] €& 37°Cel
Al IAIZE WAL B 7 gkl s | mLY FHle] 2% AR
SmLeF GriessA 2F(30% HCIZ #| 23k 1% naphthylamines}t 1%
sulfanilic acid®] 1:1 £9) 04mLE 7}sle] 2 Egst & A2

oA 1587 HAAZ F YPHE azodtFES] FFEE 520
nm®|A] microplate reader(Thermomax, Molecular Devices, Suny-
vale, CA, USA)E A3l ZEsle ofdAd &8s vl st
HETZE GriessA o Al SHFE 04mL 78l fleh 22
WRlos dalsigon, ofdad 4£AFE-L IAFPES S
Aot A7 G2 A9 FHE Aol o wrEgRE 1}
BRIt FEF SR AMEE vitamin CE o8 FEE Az
st ofAdFe] AAFEE T E TE gixzer ¢
go] gRlxo] 9= chlorogenic acid(19)% 72+ S22 A %3l
a2 2AZEE T
obANE 2AZEE the) o] T3t

Nitrite scavenging ability(%) = [1 — {(A - C)/B}]X 100

A: NaNO, 8-9lo] Alg¢} GriessEs H71eF F3=
B: NaNO, &9lol| GriessE #7138+ S35
C: NaNO, &l A&}t T/HTE A7 FI=

SOD fAlEHY =3

SOD AR WHEollA] pyrogallole- Eoll E4)8= superoxide
radicalol|l °|&ll 2F§ 4lEl7} dojub ZAEAHS PAsH o)F &
FFEAR MBI, superoxide EZEA 0] = 7o) EAYA
pyrogallol®] 2FSl&=7} Yolx| &= d2]E o]-83}o] superoxide E
HBYE HHHoRE FHE  Ark2021). SOD FARAES
Marklund(22) -2l ®Riel wel FAsth &3 A8 20 goll
50 mM Tris-cacodylic acid buffer(TCB, pH 8.2) 20 mLg 7}38F
= 287 #E3F g o 4°ColA 94EE](12,000X g, 30 min)
&t o] A5 pHE 828 %A TCBE o3l 50
mLZ 483 2L Agdoez &t A5 095mLE F s
24mM pyrogallol(10mM HCl %§H) 50 uL2 7}8k 5 420 nmel]
A Z7] 287ke] §#% AkelE UV spectrophotometer(UVPC-
2101 UV-VIS, Shimadzu, Japan)2 ZA 31t} SOD AR &
TCB 095 mLE F|3te] TUT Wz 4% 3= A9 5
7t g UE2TFE o] of 2ol wig}l Alitelict o=
O R vitamin C} chlorogenic acid(23)y5 7+ FX=ollA] | z38)
o] SOD frAH g vlwslal W $E&% AZxs ] EC it
e

SOD fAFEA- thest 7o) F3l3lth

SOD-like activity(%) = {(A — BYA} X 100

A: A& B TCBE ol83le] 34T F4=gke] s}
B: A& 79l FEEgke] wst

EEEZE FEEETH FMHME compound 12 22
T4 e FAES YeERIJY %7k SREXE RIE 4
g EEREEY vEge EFLuE AMEel ZYaRuE
a9 E FAEY. £F fule SEEXE (WEE(50: 1)9)
EFLE AlFe R F4E F7M7IHEA 31 oE guE &
EAA 12719 £8& d%lon, o]gA A ARG TLCE
RIEIHAN 22 48 7Y RAIZF e ARS ke
5L B9t o] T Bl e I XI, XIE silica gel2
AANZ Aol FREEE vekE(12: 1) AR IS4&
AA71A 2R 02 BEAA 1-89] ARFE ATk AESE
T 5-8 HEe] TR FREIE e (7:1) SuAlolA Rf
& 03172 anisaldehyde WA & HeplS w2100 Jong wave
oA blue®4-S HSL, short waveollA] AA Bk AAS 9

1 K ofe Az

(i
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3lo] sephadex ZHAZvIETHTE Yotz 2alE A8 4t
3 o " olA|Ho|E9] o2 AHS HHEste] FAo AA
2 F2 compound 1 LSLTh Compound [-= Mass spectrum
(VG 70-VSEQ spectrometer, UK), 'H-NMR3} "“C-NMR data
(Brucker AMX 500 Spectrometer, Brucker, Germany)ell <¢]3}<]
a FxE A8

Hm

Compound 2] &F 7|23}

Compound 1 100 mgoll 10%2] GAHHCHE HaL 100°C &2
ZolM 6A7F Bt 71ERElste] Aol WA|g F IN KOHE
Ao 37| 7R E aglyconeS FEEESO :
sto] A2 F 7Ealsl7] 2e] compound 17 TLCE H]
st 7S =S R flo E22XE BIES
FEAA AEaznEagsE HAS & 'HNMRY TLCE H]
w&te] 7HEslE aglycone©] B-sntosterol%?% elslgia 439
G BFES ] Rek x4k coEoHE  E(9:6:3:1)9
SujAA TLCZ vl glucosedS ER1aF3ATE
SHXE|

a] 1AHE restell 23l FoldS AAske] p<0.05%] 2HE

AL o FAel de AL i skt

[

ot nF

Zt 2580 oEMY 2HKE

b 27 AFAF pHE HEFF oFANY &7
gol ¥ UebtES € F AL w27t S7H wet 5
gEHOZ AARE] SRS BEAoH, pH 159M= 7h

ft olr

ot

Table 1. Nitrite scavenging abilities of various fractions from
Chrysanthemum coronarium L. var. spatiosum.

il

o

0. =
]

o 40 ppmo M= =& 222 Eth(Table 1). &
= 2o pH 1.5, 320 ppmollA 62.6%2] A28 UEl
o, IC‘O 125 ppm®| A THTable 2). 22X F B2
pH 1.5, 320 pmeM 782%™ L IC, a2 39 ppme=
S 2 27288 HITKTable 1, 2). F&H& £EER pH 1.5,
320 ppmoll Al 59.5%2] =& AL 317 ppme] IC, @ e
ylom, 8 BIES pH 1.5, 320 ppmeollA 31.2%2] &A=&
£ B9 28 F 7P 271380 BA e TtK(Table 2). &
Ao 2 ARE3E vitamin C(24)2} chlorogenic acid®] 1C, gk
Z}7} 15 ppm3} 36 ppmeE 7} T E9 IC,wkat vlwgt A3 F
22EE RIELS FAUZT2 chlorogenic acidel Ao F5gt
2AZAHES HItKTable 2).

as: :

Q.
74

!:éx,t

Zt B89 SOD FAKY

oz & vge 2L MR BE 2B SODF
Aol 7t BB Fut F1U4E FE gEHoR
00

= <57
spon FERXE Y8 20 pmoﬂﬂ 53.6%% 7H3

o] Ekth(Table 3). 1,000 ppm7HAe] FEAME F vehe:
eI F22XE FYE| o] & z}ol—a— Holx] gkgroL}
2,000 ppme] E& FEoME FREIE HIEY Ao A
Yehtes 542 2tk FdiEF+] vitamin C9} chlorogenic
acid®] EC, -2 77t 38 ppm, 449 ppmo2 =2 A8 YehY
Wil 7} B3 EAE EH Fo] EC,atel 2,000 ppm ©]%d
Yell9y, F2REE B3Ev] 1,860 ppmoE H3E 5
M 7% %f 842 L}E}LH A THTable 4).

HE m&%ﬁa

=

to r|r

Table 2. IC,, values of various fractions, compound I and (-
sitosterol from Chrysanthemum coronarium L. var. spatiosum,
vitamin C and chlorogenic acid in nitrite scavenging abilities at
pH 15

ICy, (ppm)
Nitrite scavenging abilities Tofal MeOELexttack 125"
of various fractions (%) :
Concentration H CHCI, fraction 39
(ppm) P Total CHCI BuOH H.O BuOH fraction 317
MeOH extraci extract 8 t2 t H,O fracti >320
extract X Xtrac ,O fraction
Compound I 335
1:5 14.8D* 52.8*% 28.1* 18.5% .
. . ; [3-Sitosterol 41
40 3.0 10.6 6.2 15.9 16.7 Vitaiin C 15
= E 0 L4 Ik Chlorogenic acid 36
6.0 0 0 9.0 3.1
"IC,, values represent the concentration (ppm) required for 50%
1.5 43.6* 68.0* 33.0* 21.7* decrease of nitrite level.
80 3.0 41.0% 27.2% 27.9* 19.0*
4.5 28.6% [77¢ 21.2* 135 Table 3. SOD-like activities of wvarious fractions from
6.0 10.1 144 20.7 10.0 Chrysanthemum coronarium L. var. spatiosum
1.5 59.0* 73.0% 39.9* 23.9% & ) SOD-like activities of various fractions (%)
oncentration
160 3.0 40.2% 32.5% 30.7* 20.7* (ppm) Total MeOH  CHCI, BuOH H,0
4.5 32.8*% 23.0% 33.4% 16.2* extract extract extract extract
6.0 22.1% 17.6* 21.9* 15.8 100 15.1% 15.4% 56 5.1
1.5 62.6* 78.2% 59.5% 31.2* 200 16.9% 18.6* 11.2 8.5
320 3.0 46.4%* 54.5% 36.3* 24.0* 500 17.6* 19.8% 16.4* 10.8
4.5 38.0% 337 35.3% 23.3% 1,000 22.8* 26.1* 22.7* 15.3
6.0 33.1* 20.6* 33.1* 21.7* 2,000 35.2% 53.6% 31.8% 24.0*

"The values represent the mean of triplicate experiments.
*Significantly different from the control values (p < 0.05).

UThe values represent the mean of triplicate experiments.
*Significantly different from the control values (p <0.05).
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Table 4. EC,, values of various fractions, compound I and -
sitosterol from Chrysanthemum coronarium L. var. spatiosum,
vitamin C and chlorogenic acid in SOD-like activities

Table 6. "C-NMR chemical shift values of compound I from
Chrysanthemum coronarium L. var. spatiosum and standard p-
sitosterol-O-[-D-glucoside

EC;, (ppm)

Total MeOH extract >2,000"
CHCI; extract 1,860
BuOH extract >2,000
H,O extract >2,000
Compound I >2,000
B-Sitosterol 1,291
Vitamin C 38
Chlorogenic acid 449

YEC,, values represent the concentration (ppm) required for 50% inhi-
bition of SOD-like activity.

Table 5. "H-NMR chemical shift values of compound I (pyridine-
dg, 300 MHz) from Chrysanthemum coronarium L. var.
spatiosum

Chemical shift Assignment
5 0.68 3H, s, 18-CH;
5 0.83~0.90 9H, 26, 27, 29-CH,
50.95 3H, s, 19-CH,
8 1.00 3H, d,J=6.5Hz 21-CH;
§3.50 IH, m, H-3
5 5.36 IH, br. d, /= 4.4Hz, H-6

Chemical shift values were determined by one instrumental analysis.

Compound 12 7= £X

Compound & TLCS] WA JO 2 steroid FEAUS F5T
= A= Mass spectrum 23, (M'-glucose)®] m/z 4142] peak
7} &&=, 'H-NMR spectral data| 4] J=6.9 Hz2] anomeric
doublete] & 521004 VEPTORZA sterolo] vl el 2 =g
S & F AUATKTable 5). =3 5 0677 § 095914 2] 274 €]
singlet angular methyl group, & 0.86-8 0.91 AFe]e] 37]°] methyl
group, 8 1.0091412] J=6.5Hz2] doublet methyl peak 5= B]F+-
7} Bsitosterold-S- & 4= AR 7HEESIEle] G glucoseSt
alycone®! P-sitosterolS 2F018}%1 k. "C-NMR spectral data®l] A=
102.5 ppm®] anomeric carbon} 75.2, 78.0, 71.6, 784, 62.7 ppm
o= I} glucopyranoside FEIR S48 & 7 don
(Table 6) 2 £]2] C-NMR dataS g2 H|asle] 223k s19t=
o] B-sitosterol-O-B-D-glucoside S &4 SFATH2S, 26).

Compound | & aglycone®| OFEAted A{ZE

Compound I(f-sitosterol-O-B-bD-glucoside)> pH 1.5, 320 ppm2]
TEONA 49.5%2] o}HAY AARES Uehyor sheRsE
aglycone®! B-sitosterol> 80 ppme] e FImolA = 63.4%%E L
Ep o2 711l aglyconeJENY o] A AAREO] =&
< & 4 AAUCKFig. 1). Compound 2] IC, 72 335 ppm= ¥
Ao zto 2 A3l vitamin C2} chlorogenic acid®] 1C, #3115
ppm} 36 ppm} H|wElSl S of TR EEOLE Bsitosterol®] 1C,
S 32 ppmeE vitamin CHU= 2818 5% =391 chlorogenic
acidBthH= 238 o @ 10,42 7Hith(Table 2). 21& sterol
£ A8 da ExEe] glor dE A" RINS

A2 o 1 geEel dig A AE A% 2

Carbon  Compound B-%tosterol- Carbon  Compound il
No. I P N, T
glucoside glucoside
1 3741 375 16 28.60 28.6
2 30.19 30.3 17 55.98 56.3
3 78.00 78.2 18 12.08 12.0
4 40.74 40.0 19 19.36 19.5
5 140.83 141.0 20 36.50 36.5
6 121.86 121.9 21 19.12 19:1
7 32.11 32.2 22 34.30 343
8 31.98 32.1 23 26.51 26.5
9 50.27 50.4 24 45.96 46.1
10 36.86 37.0 25 29.38 29.6
11 21.25 21.3 26 19.14 19.3
12 39.27 394 27 1992 20.1
13 4241 42.5 28 23.50 235
14 56.75 56.9 29 12.48 12.3
15 24.50 24.5
Glucose

i 102.50 102.6

2! 1522 753

3 78.00 78.5

4' 71.60 L

o) 78.45 78.6

6' 62.75 62.9

Chemical shift values were determined by one instrumental analysis.
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Fig. 1. Nitrite scavenging abilities of compound I and aglycone
from Chrysanthemum coronarium L. var. spatiosum, chlorogenic
acid and vitamin C at pH 1.5. O: compound I, Bl: aglycone, A\:
chlorogenic acid, &: vitamin C. The values represent the mean + SD
of triplicate experiments. *Significantly different from the control
values (p < 0.05).

golo] = o] ceramide metabolism® ZF712-8(27), RAW
264.7 macrophages®l| 4] 2] &4F3} A7l 9] modulation(28)%!
DPPHS} ONOO™ £:712+8-(29)ell #3 =&o] HiEY Ut &
E=wolAe] Bsitosterol#t 1 wjRAS] -3t obAAIA %
T olgg AFAdEH e WA F7hE £ e A

dolgkal AtsE

%

ot
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Fig. 2. SOD-like activities of compound I and aglycone from

Chrysanthemum coronarium L. var. spatiosum and chlorogenic

acid. O: compound I, H: aglycone, A: chlorogenic acid. The
values represent the mean+SD of triplicate experiments.

*Significantly different from the control values (p < 0.05).

Compound | 2 aglycone®| SOD fFAREHA

22)5k compound 13} 78] 8 aglycone®] SOD FAFH IS
=43% A3 F 52 2% F4o] E;IEUEH wiEA Aol
compound [ E4do] Bro} 2,000 ppmellAl 302%2] &4 ERA
o 7lrRs)] © Bsitosterol> A EHE F 7P AR
5%4 ZEEEE EEE 2,000 ppmelA2] 53.6%(Table 3) HC}
O =2 62.1%2 UEllo] SOD A= 7H=Z3lE aglycone
el 2] ste:rolo AW Aol 552 ¢ F AMKFig 2). Z2
28] 4] chlorogenic acid®] EC 7k 449 ppm©| 1L B-sitosterol
o] EC,% 1,291 ppm, comound 1°] EC#k-2 2,000 ppm <]’
o7 A ZET2 chlorogenic acidol] H|s|A= EAdo] Ho-

& 4= A TH(Table 4).
2 ¢
Z7ko] datsl AL dolry] S8 £ F vEEFEE
olAAY A7 223} SOD FAMEAS 2H 38 ofd Ay

Z22¥E piEe o

¢]
& = ot
A28 SOD fAFEAS 7KL 3l F wEE FEEETH
' =
ZA3l9ck pH7}F 1.5Y we] 39
ppmo 2 7pg 943k o} WA AAAEE B3O, vitamin C
9} chlorogenic acid®] 1C#kel 15 ppm3}t 36 ppmed wf FEZ ¥
5 E3E2 AdE] chlorogenic acnd9} =3 4AA2ES
H3ok °]’7‘”‘“§ 2AZE g5t A8 IA =2 S48 S
Ueld 22238 BIES silica gl ZHaZvlED 9}
sephadex LH-20 Z¥ A =2nfE )5S o]&ale] Bge] 244
391 compound 15 ] 0] Sich. #2]¥ compoundE 'H-NMR}
'3C-NMR spectral data® &8l F+2E 4% 43 compound 1
2 B-sitosterol-O-B-bD-glucosided S 2H18}%ATE. Compound 12} L
aglycone._ B-sitosterol®] o}AFA AA AL} SOD FARMA-S
T4 Zol7} ) A FEECE ARE-3 vitamin C€F chloro-
genic acid®] 1C %ol pH 1.591A4 Z+z} 15 ppm3F 36 ppm<
compound 19] 1C %ke] 335 ppm, B-sitosterol®] IC kel 41 ppm
2 7krEs)E aglyconeo] of&ated AAzRgo] A =94t} SOD
FAFEAd o] 79 vitamin C9} chlorogenic acid®] EC,, %k

38 ppm, 449 ppmO.Z ©]e} ¥]WA] B-sitosterolz} BIFA2] EC,, %t

(]

L

wn

1127148 5 SOD FAHEHY

1,291 ppm3} 2,000 ppm ©]/d-2
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