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¥ (LPS) iES /N E MR RAW264. 7 HEST (RSMORE TR PP AT s id . &R MW Es 8 7 M ey,
S LA (1), R (2), T (3), WAEB-3-0-8-D-MLm A # (1-2) -a-L-NLmBIR R (4)
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Chemical constituents of the flavonoids from Camellia oleifera and their anti-
inflammatory activities in vitro
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(1. Key Laboratory for the Chemistry and Molecular Engineering of Medicinal Resources, School of Chemisiry and Pharmaceutical Sciences, Guangxi

Normal University, Guilin 541004, China; 2. Guilin Layn Natural Ingredients Corp, Guilin 541199, China)

ABSTRACT : AIM To study the chemical constituents of the flavonoids from Camellia oleifera Abel Cake and
their anti-inflammatory activities in vitro. METHODS The 80% ethanol extract from C. oleifera was isolated and
purified by silica column, HPLC and low and medium pressure chromatography, then the structures of obtained
compounds were identified by physicochemical properties and spectral data. Their anti-inflammatory activities in
vitro were estimated by LPS-induced inflammatory model in RAW264. 7 macrophages. RESULTS Seven com-
pounds were isolated and identified as kaempferol (1), quercetin (2), rutoside (3), kaempferol-3-0-B-D-glu-
copyranosyl (1—2) «-L-arabinopyranoside (4), kaempferol-3-0-a-L-rhamnopyranosyl (1—6) -B-D-glucopyr-
anoside (5), kaempferol-3-0- [ 2-0-B-D-xylopyranosyl -6-0-a-L-thamnopyranosyl | -B-D-glucopyranoside (6),
kaempferol-3-0- [ 2-0-B-D-galactopyranosyl-6-0-a.-L- thamnopyranosyl | -B-D-glucopyranoside (7). Compounds
1, 4-7 had very significant inhibitory effects on inflammatory mediators such as NO and PGE2, and could inhibit
the activity of NF-kB in RAW 264. 7 cells and reduced the expression of inducible nitric oxide synthase (iNOS)
and cyclooxygenase-2 ( COX-2). CONCLUSION Compound 4 is isolated from this plant for the first time, and
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compounds 1, 4-7 have strong anti-inflammatory activities in vitro.

KEY WORDS: Camellia oleifera Abel Cake; chemical constituents; isolation and identification; anti-inflamma-

tory activity

IMZE Camellia oleifera Abel. ZRIASFHLIASE A
Yy, AR I AT 2 R I B AR SR, X
ZIMAKEDE . AU, BB AaYUR, BiE
Rpnr i 808 R, & —FE SR ER S A R
PR, EERE. MBSy R e
— WA 247 A DU AR A A, T Tl B
TSR, ERMHTICH, KEpEsE»R
B, RAEA RN LAZE G R RN 58 00 R 2R 1 &
TMA, AL TR BRI IR 2R PR b 2%
Mhigs G R 5 R O M TS 2 —

F9E 2 Wl 2% A b s S SR 28 e A Y
Chen %5738 I T 5 DA -6 A7 790 A B €00 33 B R
WA o B K19 7 AN BT, JF SR A ORAC,
ABTS Hi gAML TR 25 VA T JLAR St 8 A0 T 1
Gao %5 MIMASH: Hh 20 B 3RAT 2 A B R A A 8 4~
AL A E Y, %4 T HXF DPPH H H
FEROTEBRIE P, X158 20D X T A4S A R 9 A
PRI I, R ERY B A R4 BB
PEo IS rh B IR 2 AL S AT AR A R AT
FALBRIR, B RR NIR G T | BRI PR
YU ETE M, XM ASH B, JE R
HARAL G B RIE R RAR D R T 320
THZSARHTIAE FH 1) T Ltk B HAE ML, A5
KR E AT T BOS A A B Ee U 1) LR LG . 1F
T EEER O A BT AT R, IR AR 1 B
YE KA RIIEZHE (LPS) 5/ E R4l
Jitl RAW264. 7 HEST A Hh 98 4 i 356 B L 374 Ho bt 52
e, BT MAS R IR ST R SRR — 2
R ST S0 AU B S S
1 UE5RF
1.1 A% WRS-IA BB S AL (iR % B
AU T] ) 5 ESI-MS HLIE 25 I A (f [ A
SO-TE /RN W) ) 5 400 MHz, 500 MHz #8 5 #% i
PRI (Fi+ Bruker 2AH]) ; P230 I SR AH G
i (RERF RS HAER A R 2 W) 5 Dr. Flash
R ARG [ FIERE (TR0 ARA
#)]; Infinite M1000 %! Z D RERFARAY (i1 Tecan
/NF]) ; Image Station 4000R #E % K114 43 ¥ &R 48
(kodek 23 7)) ; SDS-PAGE Hi ¥k {% ( 2% E BIO-
RAD A]) ; KB-800 ##JK (WL HAK DL /RAL AR A
328

FRAFED); 311 B CO, K5 F#4 ( € E Thermo 24
Al) .

1.2 KA R T PR AT e, &
VYRR A B2 B R 4 B S e I, By
W45 . RAW 264.7 B BEARHL T b RFBE |
MR B A FTali A . RO ER . IE
T, CFE, WEE (FEREL TR0 A BRA A ;
50 wm ODS # FEFHFEECE ( HA YMC A BR 53T
NE]) o Inertil ODS-3 4.6 1. d. x250 mm ODS 437
HO(H A S BB 2 A); YMC-Pack-ODS-AQ
20.0i. d. x250 mm ODS #l &+ ( HA YMC A R
SAEAT); NO & (BHeRAH); MITH
7. DMSO (4 ). Ig L b (1EE Sigma 7y
Al); mIbeEE R FHEAR (L) ARA
Al]; ELISA il & ( LW 28 g 5 A IR /™
i) ; Rabbit Anti-COX2. Rabbit Anti-iNOS, Rabbit
Anti-NF-kB (£ [E Abcam A #]); /NPT B-Actin
P BAREE R ICILEBT R oG (H+L) | BUR
FRICIEPLR 1gG (H+L) ("FEEHFAH]) .,

2 REEHNE

B 6 kg IMASARRY AR, HH 60 L 80% £ 1% [n] i $2
W3k (3hR), BIFRBUR, R4 0
TR 2.5 L, #EEME LR, B TRRE
4310 43 BR80T 2 Lok, WU
LR, TET B, &85 2 BOR 53 e 415
AMEER > 500 mL, LR ZBEIRE 80 g, 1FE T FE
BE 275 g,

TR CBEAEY) 80 g, FIFREHEZE k4T
IYES, AME-C PR SRR VR, WEE LR LB
Fefil A 10% . 20% . 40% . 50% . 60% HY s X
SEZH 43 A T A IR R 5 €3 DL 50 wm /Y C g SO
REIE R 43 B8 JERE, K A R 4 W I 1) L 51
10% . 20% . 30% ., 40% . 50% . 60% . 70% . 80%
BEATREEE VR, FEARYE HPLC A3 (5% ~ 100% Y
Pt 7K A 26 BE BRI 20 min) %S BB AR 5
i IRl s %5 . GIFEMnGy, FAH
il 25 R AR i, 4% F RS 85% 11 FH - K 1R
2, KK 254 nm 95 0F T 2RI E o B 15
AW 1~3,

BUE T EAEEY) 80 ¢, FIHRERAR 22474
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B, CAEe-HEE (100 0 0~0 ¢ 100) KR UEAT
BRI VR, WA F R LA 10% . 14% . 18% .
20% [T 5T 31X Ee 21 43 75 R FH A A o & €53 LA
50 pm [ C  SOARRERS A 7 25 3E08E, DL 10% | 20% |
30% . 40% . 50% . 60% . 70% . 80% i I -7k A
FEVENL, HPLC Rl (2544 5% ~100% , #6 B PE B
20 min) , AIFMFEFG, M4 HPLC A I i) 45
GIFMRI Y, St RS Ak a . AIFE
A, TR FH 2 2% o A8ORE B, F H R
85% Y HH BE-IKAR R, Rl K 254 nm (9452047
ZRRE BRI EY 4~17,
3 H#HEE

AW 1. BETCERRAR, mp 274~276 C,'H-
NMR (CD,0D, 400 MHz) &: 6.17 (1H, d, J=2.0
Hz, H-6), 6.38 (1H, d, J=2.0 Hz, H-8), 8.07
(2H, d, J=8.8 Hz, H-2", 6'), 6.90 (2H, d, J=
8.9 Hz, H-3', 5'); “"C-NMR (CD,0D, 100 MHz)
5: 148.0 (C-2), 137.1 (C-3), 177.3 (C-4),
160.5 (C-5), 99.2 (C-6), 162.5 (C-7), 94.5
(C-8), 158.2 (C-9), 104.5 (C-10), 123.7 (C-
1), 130.7 (C-2', 6'), 165.5 (C-4"), 16.3
(C-3", 5, iEBIRSCHk [10] —3, #EE
FIAEB

k&Y 2. B A E IR 45 5, mp 252 ~
253 °C,'H-NMR ( CD,OD, 500 MHz) &: 6.18
(1H, d, J=2.0 Hz, H-6), 6.38 (1H, d, J=2.0
Hz, H-8), 7.73 (2H, d, J=2 Hz, H-2'), 6.88
(1H, d, J=8.5 Hz, H-5'), 7.63 (1H, dd, J=
2.0, 8.5 Hz, H-6'); “C-NMR ( CD,0D, 125
MHz) &: 146.2 (C-2), 137.2 (C-3), 177.3
(C-4), 162.5 (C-5), 99.2 (C-6), 165.6 (C-
7), 94.0 (C-8), 158.2 (C-9), 104.5 (C-
10), 124.1 (C-1"), 116.2 (C-2"), 146.2 (C-
3'), 148.8 (C-4'), 116.0 (C-5'), 121.8 (C-
6'), DL EEHESScHk [11] —, #EE i

&Y 3. BAK A, mp 188~ 190 C,'H-
NMR (CD,0D, 400 MHz) &: 6.22 (1H, d, J=2.4
Hz, H-6), 6.40 (1H, d, J=2.4 Hz, H-8), 7.67
(1H, d, J=2.0 Hz, H-2'), 6.88 (1H, d, J=8.4
Hz, H-5'), 7.63 (1H, dd, J=2.4, 2.4 Hz, H-
6'), 5.11 (1H, d, J=7.6 Hz, H-1"), 4.52 (1H,
d, J=1.2 Hz, H-1""), 1.12 (3H, d, J=6.0 Hz, -
CH,);" C-NMR ( CD,0D, 100 MHz) &: 158.5

(C-2), 135.6 (C-3), 179.4 (C-4), 161.0 (C-
5), 99.9 (C-6), 166.0 (C-7), 94.9 (C-8),
159.4 (C-9), 105.7 (C-10), 123.2 (C-1"),
116.1 ( C-2"), 149.8 ( C-3"), 145.9 (C4'),
117.7 (C-5"), 123.6 (C-6'), 102.4 ( Gle-1),
5.7 (Gle-2), 78.2 (Gle-3), 71.4 ( Gle-4),
77.3 (Gle-5), 68.6 (Gle-6), 104.7 ( Rha-1),
72.1 (Rha-2), 72.3 (Rha-3), 73.9 ( Rha-4),
69.7 (Rha-5), 17.9 (Rha-6), i b%%# 5 3ck
[12] —3, WEERAT .

k&Y 4. AL E BB K, mp 223 ~
224 °C ,'H-NMR ( CD,0D, 500 MHz) §&: 8.08
(2H, d, J=7.2 Hz, H-2', 6'), 6.89 (2H, d, J=
7.2 Hz, H-3", 5'), 6.39 (1H, d, J=1.2 Hz, H-
8), 6.19 (1H, d, J=1.6 Hz, H-6), 5.46 (1H,
d, J=6 Hz, H-1"), 4.75 (1H, d, J=5.4 Hz, H-
1”), 3.21-3.94 (9H, m, H-2", 2", 6 3", 3" 4",
4", 5" 5", 6"); "C-NMR (CD,0OD, 125 MHz)
5. 158.5 (C-2), 135.0 (C-3), 179.6 (C-4),
163.1 (C-5), 99.8 (C-6), 165.9 (C-7),
94.6 (C-8), 158.4 (C-9), 105.8 (C-10),
122.8 (C-1"), 132.3 (C-2", 6'), 116.2 (C-
3", 5'), 161.5 (C-4"), 100.8 (Ara-1), 82.5
(Ara-2), 75.0 (Ara-3), 71.1 (Ara-4), 66.7
(Ara-5), 105.5 (Gle-1), 77.1 (Gle-2), 78.4
(Gle-3), 71.0 (Gle-4), 78.2 (Gle-5), 62.4
(Gle-6) ., VI FEE 530k [13] —3, #EE
1l A5 By-3-0-B-D-ML W A B (1-2) -a-L-Nit
I EEDR(SE e

EW S, IREAL G AR, mp 208.2 ~
209.4 °C ,'H-NMR ( CD,0D, 400 MHz) &: 8.06
(2H, d, J=8.8 Hz, H-2', 6'), 6.89 (2H, d, J=
8.8 Hz, H-3', 5'), 6.40 (1H, d, J=1.6 Hz, H-
8),6.21 (1H, d, J=1.6 Hz, H-6), 5.13 (1H,
d, J]=7.6 Hz, H-1"), 4.52 (1H, s, H-1"),
3.23-3.82 (10H, m, H-2", 2", 3", 3", 4", 4",
5", 5", 6");"” C-NMR ( CD,0D, 100 MHz) &:
158.5 (C-2), 1355 (C-3), 179.4 (C-4),
163.0 (C-5), 100.0 (C-6), 166.0 (C-7), 94.9
(C-8), 159.4 (C-9), 105.7 (C-10), 122.8 (C-
1), 132.4 (C-2"), 116.1 (C-3"), 161.5 (C-
4"y, 116.1 (C-5"), 132.4 (C-6"), 102.4 (Gle-
1), 75.8 (Gle-2), 78.1 (Gle-3), 73.9 (Gle-4),
77.2 (Gle-5), 68.6 (Gle-6), 104.6 ( Rha-1),
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72.1 (Rha-2), 72.3 (Rha-3), 71.4 ( Rha-4),
69.7 (Rha-5), 17.9 (Rha-6). LI b %04 5 ik
(4, 14] —3, BUEEEIZEMN-3-0-a-L-FZ2HE- (1
—6) -B-D-NMEM AT

&Y 6. ¥ 2 B KK, mplod ~
195 °C ,'"H-NMR (500 MHz, DMSO-d,) &: 8.02 (d,
J=8.6 Hz, 2H, H-2', H-6'), 6.88 (d, J=8.4 Hz,
2H, H-3', H-5"), 6.41 (s, 1H, H-8), 6.19 (s,
IH, H-6), 5.56 (d, J=7.2 Hz, 1H, Glu H-1),
4.57 (d, J=7.2 Hz, 1H, Xyl H-1), 4.33 (s, 1H,
Rha H-1), 3.7 - 3.06 (m, 15H), 0.94 (d, J=
5.6 Hz, 3H, Rha H-6); "C-NMR ( 125 MHz,
DMSO-d,) & : 177.9 (C-4), 164.4 (C-7), 161.7
(C-5), 160.3 (C-4"), 156.8 (C-2), 156.3 (C-9),
133.3 (C-3), 131.4 (C-2', 6'), 121.4 (C-1"),
115.6 (C-3', 5'), 104.9 (C-10), 104.4 (Rha C-
1), 100.9 (Xyl C-1), 99.1 (Glu C-1), 98.6 (C-
6),94.1(C-8), 82.1 (GluC-2), 77.2 (Glu C-3),
76.5 (Glu C-5), 76.2 (Xyl C-3), 74.2 (Xyl C-2),
72.3 (Rha C-3), 71.0 (Rha C-2), 70.8 (Rha C-
4),71.4 (Xyl C-4), 69.9 (Glu C-4), 68.6 (Rha
C-5), 66.5 (Glu C-6), 66.1 (Xyl C-5), 18.1 (Rha
C-6), UL EEURES 3G [15] —3, #cEe il
A Mr-3-0- [ 2-0-B-D-K §i-6-0-a-L-FRZ= W% ] -B-D-
KL e

BT, EETCERIMA, mp 202~204 C ,'H-
NMR (500 MHz, DMSO-d,) &: 7.98 (d, J=8.6
Hz, 2H, H-2', 6'), 6.89 (d, J=8.7 Hz, 2H, H-
3',5'), 6.40 (s, 1H, H-8), 6.19 (d, J=1.6 Hz,
1H, H-6), 5.53 (d, J=5.4 Hz, 1H, Glu H-1),
4.58 (d, J=7.8 Hz, 1H, Gal H-1), 4.30 (s, 1H,
Rha H-1), 0.93 (d, J=6.1 Hz, 3H, Rha H-6);
BC-NMR (125 MHz, DMSO-d,) 8: 177.9 (C-4),
164.6 (C-7), 161.7 (C-5), 160.3 (C-4"), 156.9
(C-9), 156.8 (C-2), 133.2 (C-3), 131.2 (C-2',
6'), 121.4 (C-1'), 115.7 (C-3", 5"), 104.5 (C-
10), 104.3 (Gal C-1), 100.8 (Rha C-1), 99.2
(GluC-1),98.7 (C-6), 94.2 (C-8), 82.7 (Glu C-
2), 77.5 (Glu C-3), 77.0 (Glu C-5), 76.9 (Gal
C-5), 76.1 (Gal C-3), 74.8 (Gal C-2), 72.3 (Rha
C-3), 71.0 (Rha C-2), 70.8 (Glu C-4), 70.1
(Rha C-4), 70.0 (Gal C-4), 68.6 (Rha C-5),
66.4 (Glu C-6), 61.3 (Gal C-6), 18.1 (Rha C-6)
PLEEUE S SCER [15] —3, Mo 125 iy-3-
330

0- [ 2-0-B-D-£- FLHi-6-0-a-L-F 2= W4 ] -B-D-H 4
WEAT .

i LA I &Y, K i 4
HERNZAEY B Eas, ZEFMEEY 2~3
TR IG TR A R HGE , ALRERLAY
1, 4~7 TP RIGE T

4 FEEER
4.1 K FBM K
4.1.1 dIEEESE KR REERRA RN

RAW264. 7 AT IH AL, AT 3515 40 M2
FE IR 180 wL/FL M R BUIG W JE S 1x10° 4~/mL 1Y
RAW264.7 40 Ml & W #% F T 96 fL #x t, T
5% CO,. 37 CE&IF T MMM T4 PR, 24 h
JEF AR I, HOH I A BB B KT IR 180 L,
FEAEBREFL A 10 WL (8 LPS 35 T8 ff e o e
H'5 ng/mL, FFL 2 h J5 KW W 36 2 sk fIr 75 2 T 2%
EEYIRESL, A 96 FLAR A o B Uk B
WE3NES. T&5% CO,. 37 C. MWAGE %
PFEEFRAE 5 5E 24 h, BALAINA 10 pL 5 mg/mL
) MTT W, TIEFRAA T akeeds 9% 4 h, 4 h 5 5%
P FIHW, FFLINA DMSO 100 pL Jf 52 3 1l B i
B e, TR, 8RR
570 nm, W EE BEAE I ARAETE R

4.1.2 NOMHIR  RA Griess A8 I 0 A4 R £E
AT A S NO Y & A i, O B0 K
RAW264. 7 HifdE 174k, #&8fL 2 mL 22 6
LM, T8 5% CO,. 37 °C . AT E &1
LIRAAT SR 24 by WS RAL BIE W, A
DMEM }i##3k, 70 FXtHEZH . LPS (5 ng/mL) 4.,
LPS (5 ng/mL) +fb&WAL, AN o ik & 24
YIET 5% CO,. 37 C, AR &M T akekds ot
24 h, BifiJ5 B AR BT WO L NO B & A i
4.1.3 PGE2#IHil#¢  RHA] ELISA WA Ie 0%
KME PCE2, LR A IR “4.1.27 I, B L
VAR ELISA 2700 & 15 B A5 000 I 31550 40 - v
Wb PGE2 ¥RJF

4.1.4 Western blot 3C 4 BOXT B0 KW
RAW264. 7 M HATIHAL | HEF B0 FRIL, T
5% CO,, 37 C. WA A EE IR P s 57
24 h, F 5 LIWEW, A B & DMEM 5383, 7
X AL . LPS(5 ng/mL) 41, LPS(5 ng/mL) +
& WAL, A K N 5T B vk B 25 W) I Ak 2 8 5
24 h, WE/EHEIBCAEEE H, =K BCA HHA
WD R S AT B T e, A A R A
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1T RV T B B IS HL K (SDS-PAGE) , ¥ B 5 100 ymol/L
(7R (LR 2 PYDF B [, SRS B 2 h 5 e — Sty
gia—Pt, 4 CHFLK, KHS HRP fRicHy — 50
WEA, FIRTTEEME 1.5h, 285 . E%5, 2 0 |
FHAHEASCRBEE I AR 2R G810 S A I 45t 110328 S B R é T
SIE R, UL B-actin SR SRR NN S, Kl £ .
EAELR, -
4.2 %R ol
4.2.1 AAMIEEMESCES RA MTT J7 kil 1 B
X SRS L SIS A B 1, 47 RN ' ESSP B

% % % %

E WA RAW264. 7 fF30 K52, DL 1, )ik
KERAEW 1, 4~7 fEHREH 100 pmol/L Y,
NREAF TG R K T 85% , SEAMEXT R4 JCH g 22
5, RUIMIEEFEREY 1, 4~7 EXWEHE T
JCH AN REAE

100 4

HHIAF IR /%
5 38 8

[3e]
[=}
1

0 A
LPS(5 ng/mL): + + + + +

HAP(00 pmol/L): - WHEFE 1T 4 5 6 T

B 1 LPS, BIREFRUAW 1, 4~7 Xt RAW264.7
MAETFE RN
Fig.1 Effects of LPS, indometacin and compounds 1,
4-7 on the cell viability of RAW 264. 7

4.2.2 BURIEMHE

4.2.2.1 XF NO WUHHIVER] ka1, 4~7 Xt
NO il ae S E 45 R UL 2, NO 7E 1F % 2 4l
e/ D BRI R, 2 RAW 264. 7 525 LPS i
FJ5 KEF ik NO, NO K FEEE AT B
56.31 wmol/L (P<0.01) , HAIABTR 25455
VA PEPEXT BEEE, 4IHE iR NO JKSF 52 A
(P<0.01); ML, PRl i ix e ik & 93
AW ] LPS #5577 4 NO Rik (P<0.01),
H I A dg (8 ) A 2

4.2.2.2 X PGE2 filfER (a1, 4~7 XF
PGE2 (il ae 11 2554, WK 3. PGE2 fEIEH
AN AR D B SRR, ARG IR A
5 ng/mL 4 LPS J# 2 h J5, PGE2 /K & 27}
(P<0.01), ik 106.5 pg/mL, 54H1 AL % 245415

%
S S UE AE S SO

. SIEFANE, P<0.01; 55 ng/mL LPS 4 H#, * P<0.01
2 KAWL, 4~7 X NO FRikKFHFNT
Fig.2 Effects of compounds 1, 4-7 on the level of NO ex-

pression

WEEE R AW 1, 4~7 YR M E LPS 55"
A/ PGE2 ik (P<0.01), Ho k& 1 ik E
9100 wmol/L Bt X} LPS i S/ PGE2 1410 il 2k
wefd, HEHAIE LR PCGE2 RIS A &R 41.4
pg/mL, HINASEXT LPS i 519 PGE2 B4l 1
BETHATELEY .

I 100 pmol/L

120 I 50 pwmol/L
# I 25 wmol/L
60 4

404 i
20
0 R
o © A
S H H

> S >
3&\& %& &o\\'\) %‘%\ B

100

80

PGE2JF ¥ & /(pg-mL")

Y5 W W W
N %>

&

I\

H: HIEW4E, P<0.01; 55 ng/mL LPS 41 [L#K, * P<0. 01
3 &1, 4~7 3 PGE2 FiAKFHIF M
Fig.3  Effects of compounds 1, 4-7 on the level of

PGE2 expression

4.2.2.3 XFiNOS. COX-2 & k0 3mH/Em

Kl4~5 KM, 78 RAW264. 7 40, JoAlk i,

MR INOS . COX-2 iR, LPS HI i fE
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