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Anti-oxidative and Anti-inflammatory Constituents from the
Extracts of Brassica napus L. Whole Plant
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IR&D Team, Jeju Industry-University Convergence Center, Jeju 63243, Korea
’Department of Chemistry and Cosmetics, Jeju National University, Jeju 63243, Korea

Abstract — In this study, we investigated anti-oxidative and anti-inflammatory efficacy, and identified their constituents from
Brassica napus L. (Korean name: Yuchae) whole plant. Upon the anti-oxidative activities screening, the ethanol extract exhib-
ited potent DPPH and ABTS" radical scavenging activities. On the anti-inflammation studies using LPS-induced RAW264.7
cells, the extract inhibited the production of NO and pro-inflammatory cytokines (TNF-a, IL-1p, IL-6) effectively. To identify
major constituents of B. napus extract, further purification was performed and led to isolation of two compounds; isorhamnetin
3,7-O-diglucoside(1) and isorhamnetin 3-O-glucoside(2). Quantitative analysis by high pressure liquid chromatography (HPLC)
determined the flavonoid 1 as the major constituent. Isolated compounds showed DPPH radical scavenging effects and
decreased NO levels without causing cell toxicities. These results indicate that the extract of Yuchae, a rich plant resource in
Jeju Island, could be potentially applicable as an anti-oxidative and/or anti-inflammatory ingredients.
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FE =AY ot 9 F 82l o8 FAE . ol
s BAE ROSE DNA, Tz x]ibe] spikslo]] o
slo] A2 48 7P 27| % Ftk ROSSY] Aol Al
Y ksl 588 2osle 9ol AATE Ak 2E
g2 =ZEuo] w3, oF, WA, 4gAS, 78], 7
2, HEd 9 X 5o Aol et

3l (Brassica napus Ly= A2l A%, TGotr|of =
AR & A28} Brassicaceae)oll &8l 34, S5, Qo)
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A 25~35%< st e AlAl st A A 2HE
(7, Hsh, |4, 54, sl DR f3) SaolA 4
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Alef & 717] - 250 F= 2 AR ol ARSE S
S Merk B A b= 9] AlFS AHE-3F T Medium
pressure liquid chromatography(MPLC, BUCHI Labortechnik
AG)°ll+= flash pure select(C,q, BUCHI Labortechnik AG)
AYS AHgHAT TRENS AT APRAY 2EYL
Vion IMS QTOF mass spectrometer(Waters, USA), NMR
2HEHLS INM-ECX 400(FT-NMR system, JEOL, Japan)=
4312 NMR =78 &+l= CILAF] NMR %18 -8r =
DMSO-d,, CD,0DZ AH&-3151t}.

FEE M= - A3 AME FAAIEHE: JIC-58, B
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= 1.0 g& 4l wet Alstshr] 918t MPLCE 3
3 th H,0-MeOH(10-100%)2] §m& 71€7] 27o=2
7} 25 mLA §E31] F 35709 EEES AUTKFr. MPI-
35). MPLC 8% 3 Fr. MP10-11238 3} 1(13.7
mg), Fr. MP21-230 27 H 35t 232 mg)S AU 3}
& 1, 22] NMR ¥ HRMS Ho|HE o9} 7},

Isorhamnetin 3,7-O-diglucoside(1) —'H NMR (400 MHz,
DMSO-d,) &,;: 791 (1H, d, J=1.8, H-2"), 7.52 (1H, dd, /8.7,
1.8, H-6"), 693 (1H, d, /8.7, H-5"), 6.80 (1H, d, J~1.8, H-8),
645 (14, d, J~1.8, H-6), 558 (1H, d, /7.3, H-1"), 5.08
(1H, d, /=73, H-1""), 3.84 (3H, s, 3’-OCH,), 3.45-3.10
(sugar peak), C NMR (100 MHz, DMSO-d,) §.: 177.5
(C4), 162.8 (C-7), 160.8 (C-5), 156.8 (C-9), 156.0 (C-2), 149.6
(C-3), 1469 (C-4), 1332 (C3), 1222 (C-1°), 1209 (C-6"),
1152 (C-5"), 113.5 (C-2’), 105.6 (C-10), 100.6 (C-17), 99.7
(C-1"), 993 (C-6), 94.5 (C-8), 77.5 (C-5), 772 (C-5""),
764 (C-37, 37), 743 (C-27), 73.0 (C-27), 69.8 (C-4”), 69.5
(C-4™), 60.6 (C-6”), 60.5 (C-6"), 55.6 (3’-OCH,), HR-
ESI-MS: m/z 639.1564 [M-HJ (caled for C,gH;,0,,, m/z
639.1560).

Isorhmanetin 3-O-glucoside(2) —'H NMR (400 MHz,
CD,0D) &,: 793 (1H, d, /=22, H-2), 7.58 (1H, dd, J=8.2,
22, H6'), 691 (1H, d, /82, H-5"), 640 (1H, d, /=22, H-
8), 620 (1H, d, J/=2.2, H-6), 5.42 (1H, d, /7.3, H-1"), 3.94
(H, s, 3-OCH,), 3.85-344 (sugar peak), *C NMR (100 MHz,
CD,0D) 8. 1795 (C-4), 1662 (C-7), 1632 (C-5), 1588 (C-
2), 158.6 (C-9), 1509 (C-4’), 1485 (C-3"), 1354 (C-3), 123.9
(C-6), 1232 (C-1), 116.1 (C-5"), 114.5 (C-2"), 1059 (C-10),
103.6 (C-17), 100.0 (C-6), 94.8 (C-8), 78.7 (C-3”), 782 (C-5”),
76.0 (C-27), 71.6 (C-4”), 62.6 (C-6”), 569 (3’-OCH,), HR-
ESI-MS: m/z 477.1043 [M-HJ (caled for C,,H,,0,,, m/z
477.1032).

DPPH ZiC|& 27 &4 - 1,1-diphenyl-2-picrylhydrazyl
(DPPH) 2}tz &7 &4 43S Blois 52 WH?YS &
43199t} 96 well plated] ZF AlE &< 20 Lo} 0.2 mM
DPPH &9 180 pLE Egsto] 2ol 2027+ vHeAIA
t}. Microplate readers ARE-31 515 nmollA] S4=E S
AL, 7F AlJe] Bz A E0] 50%d Wel Al F
T(SCs)E AT

ABTS' 2IC|& &7 4 -2,2'-Azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid) (ABTS) ¥o| gtz 47 &4
APE Re 5] WS 3-8k 7.0 mM ABTS®} 245 mM
potassium persulfateE E¢slo] e, oA 1647+ Bt
HESA1A ABTS' 2Ht]ZS @43A17T. o] 8912 700 nm
oM F3%=7} 0.78 £ 0.027} H =S oehER sj4ste] A
ol ALg3IATE 96 well plated] Z+ A& &< 20 pLe} 3
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A8+ ABTS™ &9 180 puL= 7Fate] AFLolA] 1587k whg-
AlZT}. Microplate readers ©1-8-3t4 700 nmol|A 4 =&
SASIALL, 7F ARG B A E0] 50%d e AlE
FE(SCy)E ARttt

M= B{2F —Murine macrophage cell line®! RAW264.7
cell> American type cell culture(ATCC, USA)ZFE H-oF
gkol 100 U/mL penicillin, 100 pg/mL streptomycin®} 10%
fetal bovine serum(FBS, Gibco Inc., USA)°| oFi4d
dulbecco’s modified eagle’s medium(DMEM, Gibco Inc.,
USA) A& ARE-sle] 37C, 5% CO, 271914 vjs
Rem, 29 7HAS = A wl sttt

NO MM x| &4 —24 well plateo] RAW264.7 cellS
20x10° cellsiwell® E53}7 37C, 5% CO, ZA5HNA
18717 A viFatAtt. 1 pg/mLe] LPSE ¥Egtal= viA =
Wl FEHE A8E 717} 7hste] 244]7F v et
o] A3 vl e 100 uLet Griess A2F(1% sulfanilamide,
0.1% naphthylethylenediamine in 2.5% phosphoric acid)
100 pL= &8+3te] 96 well plateo| A 1087 BF-8-A]7] 32
540 nmollA FBEE SAATE A E NOO 42
sodium nitrite(NaNO,)& =L =E A3t 2HAde 25
ARFAE Bl A vl Foll EAsk= NO,Y| FE=
738kt

MHSM AO|EFIRI(TNF-q, IL-1B, IL-6) MM x| &
M —24 well plated] RAW264.7 cellZ 2.0 x 10° cells/well=
w1 37C, 5% CO, 248l 18417F A wgatsitt.
1 pg/mLe] LPSE Egele= A2 wehstal s EE=E A
S5 7t 2417k v kst o] 5 AlE wiF e o
Ato|E7121 AA S sandwich enzyme-linked immunosorbent
assay(ELISA) kits ©]-8-3o] A %3t 2™, TNF-a ELISA
kit(Invitrogen, USA), IL-1B ELISA kit(R&D Systems, USA),
IL-6 ELISA kit(Invitrogen, USAYE A8-3}91T}. Standardel]
e #F FA9] P R 0.99 ol/deliTt.

M= S "WIKMTT assay) - RAW264.7 cellS 24 well
platecl] 2.0 x 10° cells/well2 #5313 37C, 5% CO, &4
Sl 18A17F A Wil &, LPSS} A8 5 FEEE FAl9
2|5t 24771 v FstAT vl E MlEze] 500 pg/mLe]
MTT(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide)E 7Fsle] 37CollA 347 7F BESAIZ] 3, A5
NS A ABIAT. ©]F DMSOE 71ate] Aol Ml E}
F&-3ted AJ71 formazan FAES 83)A17]15L 570 nmol|A]
S A5t AlEZ AEE (%) AL

HPLC d& 24 - 3 289 78 A& FFS &
A5k7] flste] HPLC 2412 A8t Al 8= 70%
BGE FEE 20 mgs WEE 2 mLof|l =< %, 045 um
syringe filter= J#AIZ] Boll-5 AF el AM&-813ATt. HPLC
492 Merke] HPLC grade water 3 methanols ©]-83

ooh Z
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Table 1. HPLC Chromatographic conditions of control factors

Conditions of HPLC analysis
Column Kromasil C18

Column (4.6 x 250 mm, 5 pm)
Column temperature 40C

Injection volume 10 L

Mobile phase A: Water, B: Methanol
Flow rate 1.0 mL/min

UV wavelength 250 nm

71571 SR EElaklaL, olw HPLC 717] 4 % &
2] 2712 Table 1o YERASITE. 1241 71712 HPLC(Waters
€2695 separation module system, USA)2} PDA detector
(Waters 2998, USA)E AHE-3t o™ dlolE &4 S/We
Waters2] Empower system ©]-8-3}31t}.

SAH 24 - 2E A¥2 33] vHEo = AASISIAL F
e Py EFHXH(mean+SD)E YERN S o,
Student’s rtest-S ©-838}>] p-valueZ} 0.05 P9I 7% &
AXCR ool e AR gt

2 =

of\

R FESo| gitst g - QAo falig gk
Zo= hydroxyl radical(HO )z} 22 & RS zh= %
girjzo] xgwe] k. URbR o g Haks o= Exjs)
e A% iz 22 oW tE EAEY vheslEe
7o) Ak A 59| sl S-S ol g & AR A=
Aoz gz LAske < U Ssto
A Uk wepr] 2 AFe|A= DPPH % ABTS'
HUZS Ao R o] gal] A FEES FEHE A
B} ascorbic acidE FATHZZO R ALR-3lo] 3kelse
ST B A 24 A A 74 FE=Cl 9
3 F= oA o kst Fido] v e SCgks 7t
7} 479.8, 143.9 ng/mLZ 13518 th(Fig. 1).

NO M o &Y - di2AZ= I35 vkl A=
T8 AEE dHA o, A=l =ZEAY AAAE
o] FH]eh= Al ETIRI ol ofsl edstem, Hdz7]el
NOS} Al E7IRIS: Arkste] AAgofo)] Fa3t 4TS
ohD gk Sdvke] Alxet] Exlete Wsihs &
2% lipopolysaccharide(LPSy= A E T Tl 1=
F3to] TNF-0, IL-1p 2 IL-69} 7+& 9% wi7iA Alol&
7RS4 RS FA8tH o3 95 v/ 2259 9
/32 NO9| theF Aol edshA] | ol ma} A|=e]
g 23S ERlalr] flste] Aol LPS A5 7hstal
NO B AH3/ APl E7IR] A oA 23E d)lehe W
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Fig. 1. DPPH(A) and ABTS'(B) radical scavenging activities of extract from B. napus.
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Fig. 2. Effects of extract from B. napus on NO production(A) and cell viability(B) in LPS-induced RAW264.7 cells. The data rep-
resent the mean + SD of triplicate experiments. “p<0.05, “p<0.01 compared with control.

ANBIIT fA) FEEL 50, 100, 200, 400 pg/mL  ©] AFEL FABUTH EG 400 pg/ml = A2l
7¥z} HE)er Adare] AE vjgAS o]g3sle] NO A Mz =4 glol oF 50% FEe] NO A8S A8t
AT 28 Az Exo] wat $oh oz NO A4 ATHFig. 2).
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Fig. 3. Effects of extract from B. napus on TNF-o(A), IL-1B(B)
and [L-6(C) production in LPS-induced RAW264.7 cells. TNF-a,
IL-1B and IL-6 produced and released into the culture medium
was assayed using the ELISA method. The data represent the
mean = SD of triplicate experiments. “p<0.05, “p<0.01 compared
with control.
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Fig. 4. Isolated compounds 1-2 from B. napus.
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HMASM AO|EFIQI(TNF-q, IL-1B, IL-6) 44M <X &
A -NO A oA &Aool et 5= 100-400 pg/mL
FE Helol sl F7HA A 2 71 AFE Sl
ELISA kitE o]-&ato] HHTA Al 7] A A &
e 4k 2 A3, f4 #5522 TNF-o, IL-1p 3
IL-62] RS F5 JEF 02 A7 a7t e
gRISFATHFig. 3).

i FESEFH 228 siEEe = 83 - st
! 9 2ol +Ad A FE=0l diste] MPLCE
gJate] Hd=4g FEsiiith 'H 2 PC NMRS ©&
sle] siHEe] P25 ERIsI o, 313} Hlaste] 279
332 T4 3jtE 25 22709 carbon I E7)
2= 5. 56.9 2§, 3.94 3H, s)¢] IAE F3l methoxy
groupe| A= o] S Flolg} o ekt = 5, 3.44-
3.859] overlap F1o] U= o3& 7] 9] proton I AL} T
anomeric proton®l 3l 33t= &, 5.42 (1H, d, J/=7.3 Hz)<]
935 F3l flavonoid =7 SEdo] it AgE o] =
Txd Flolgt oPdsiier, #72k v|wsle] isorhamnetin
3-O-diglucoside® &1t} 3tg=12 §,; 5.58 (1H, d.
J=13 Hz), 8, 5.08 (1H, d, J=7.3 Hz)ol @t 2ol
anomeric proton 3 3}HE 29} FALSH 16719] 9= 9]
12711¢] carbon =7} ¥ == AL R Hol, 39hE 29
7 e SEdo] AgEo] e Fx2Y Aol ddaal
o, BA®S E3) isorhamnetin 3, 7-O-diglucoside® &+

A= ATh(Fig. 4).

4y e

i

=
= T
BRlet7] $lete] HPLCE S8k A4 2 4% &
sttt 24 A3, 2elE s HEE K

time, Rt) Z+Z} isorhamnetin 3,7-O-diglucoside(1) 10.7%,
isorhamnetin 3-O-glucoside(2) 20.522 2 3RI=|QITE, -]
o AR g2 s (x3)9 I3 AN (yE)ell o
g AFFAE Adstal S A 2ol th}dste] Zh7te]
AR TS ARESITE 2 A A olghE FE=lA
isorhamnetin  3,7-O-diglucoside(1), isorhamnetin 3-O-
o

glucoside(2)°] 22t 66.6, 11.9 mg/g®] AE oz

OH

OH
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Fig. 5. Calibration curve of isolated compounds 1(A) and 2(B).
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Fig. 6. HPLC chromatogram of extract from B.

sl = 9iTh(Fig. S, 6).

i FE=E25E 22| slekEo| sHits)
FEEoAM E2d 3%E 1, 29] DPPH oz &7 &4
AEE Hrlalr] Yste] AES 62.5, 125, 250, 500, 1000

DPPH radical scavengign activity (%)
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60
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20

062.5uM @125 uM

Compound 1

gy

Compound 2

napus at 250 nm(compound 1, Rt: 10.765 min; compound 2, Rt: 20.593 min).

pMe] FEE A28 It ascorbic acids 2>
FEE AYSSIT. 2 2 1000 pM F:=2] Aol A
313HE 1, 2= 22t 50.3%, 44.3%2] DPPH 2|z 27 &
do] AL ERIsIATHFig. 7).

@250 yM ®E500 yM @ 1000 uM

Ascorbic acid

Fig. 7. DPPH radical scavenging activities of isolated compounds from B. napus.
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Fig. 8. Effects of isolated compounds from B. napus on NO production and cell viability in LPS-induced RAW264.7 cells. The
data represent the mean = SD of triplicate experiments. "p<0.05, “p<0.01 compared with control.

7 FEE2TEH 22|18 SEEe g #Y -5 F
ZEA wEE SEEdd g gd 2498 SHs] 9
3l RAW264.7 cells ©]-&ste] NO A4 oA 274 2 Al
X =54 71E Agsiltt. wElE sES 50, 100, 200,
400 uM T2 ZH7F A2k Age] Al wjgE o
g3t NO S 34 47 w0 wt 3= =
T NO2| S AMallshe 202 RIS 400 pM 5
= AHEFNM = S5E 1, 25 AlXE 54 gle] Nog A
AL 9F 30% ol UaAT)= AR YERTHFig. 8).
AA7HA] o]5L FH FA 713 A7t Hol AUA edob
Al E2g0] gl #Slolr] F7HH Ago] Had o=
Al E )

N
rh

2 2E R SPEE Ae] AH|R} S]] FolA A
1A= A= Bl H) Solxoz =z}
2 7158 E THIE AAE 2
ATk A2 71578 2A 7ol
UE FAZ I)7 KshH ol gt
dom adE ERIshks At
Al &Y= A2 {AN(B. napusy= A7 S=7F wl

3L glom Fekpo] gt T4 8 F frAe] yrA] &
e H71EA Qo FAL, 3, AR ol9] Hfle] T
AR 2 AR d7e Bl duAA &2 Aol
upebs B AFellME fA H2E o835t 71eAd 98
AR 2 7RSSkt sl

I
A A ClEE FEEe] ks ES ST 24,

DPPH % ABTS™ gtz &7 &9 SISkt
Tk e 244 A A A FEE0] 50-400 pg/mL F
T HA AlZe] ek 54 glo]l NOo| S 5% 9
X072 A7 a7 S FRlEkiTt. F7H
71 AFE faEl AESE Al BRI A A 24
=438 A3} TNF-q, IL-18 2 IL-62] YAS 25 AHsjA|
7= AL FRIsnt o]¢F 2 AAE vRo R 95sh
IS e oleke FE=9 78 S 2A MPLCE
Feiste] 27le] dAdEH S EeElsiih £ed setEe
'H¥ BC NMRZ |83l 7125 435150 £33} 1]
23}F] isorhamnetin 3,7-O-diglucoside(1), isorhamnetin 3-
O-glucoside(2)2-Z 15T F3t f3) =52 HPLC
#2938 A3} isorhamnetin 3,7-O-diglucoside(1), isorhamnetin
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