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W E: ZWRLUIEZHE (lipopolysaccharide, LPS) 5 /N BRI E 4T RAW 264.7 41 Ry K REFEAY,
SEFH Griess 525, FEE G2 f 9258 (enzyme-linked immunosorbent assay, ELISA). Western blotting 14
PEPNEFAR, VAN IR RTE 3-0-B-D-H H L (1'>6")a-L- R AWEIE 27-FR IR FR-28-0-4-D-HIH FE 1
(3-0--D-glucopyranosyl (1"—6') a-L-rhamnosyl 27-hydroxy oleanolic acid-28-O-f-D-glucopyranoside, OA)
HI R T . SR B X IR ZH . LPS 4R OA 25 (5. 10, 20 F1 40 pmol/L). 455 &R, ARFIKE OA 4B
Xt Hi 22 M5 3 (1) — S AL R (nitric oxide, NOD. AfZIfR 2 E2 (prostaglandin E2, PGE2). fJE ALK F o (tumor
necrosis factor-a, TNF-o) AL/ 18 Cinterleukin-148, IL-18) 43 WAEA — & MHMENE M, 4WkE R
20 540 pmol/L K, OA XTI 22 Wi 75 1 JERE/IMA nod #5245k, & pyrin 45 #4358 3(NOD-like receptor family,
pyrin domain containing 3, NLRP3) F12:Jit K40 1 (cysteine aspartate protease 1, Caspase 1) & [43KIiLM
BRI h 16 h i, OA B35 N T HIAME 5 5 (extracellular signal regulated
kinase, ERK) #1p38 & (p38 protein, p38) BEEAL/K T, 24T 2 h B, OA Xt p38 Al Jun 24k i
P& (Jun N-terminal kinase, JNK) BERRALACE BAIMHEEE: 1M HZWALEE 6 h I, ASFEKEZ OA X EZ
B 10 RAW 264.7 4 i i% R F-xB (nuclear factor-xB, NF-xB) %5547 B AT B G0 PHAAVE T o X se sk 4R
AT OA HIBUARIETE, BT A R BHREAI LA OA B Rl i 7= b B4 T BH =4k 4 o
KRB JATH: ZREEAT: BUAIETE: RAW264.7; EZHE
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Anti-inflammatory activity and mechanism of an oleanane
triterpenoid saponin from camellia oleifera fruit shell
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Abstract: In this study, lipopolysaccharide (LPS)-induced murine peritoneal macrophage RAW 264.7 cells were
used as the inflammation model, and Griess assay, enzyme-linked immunosorbent assay (ELISA), Western blotting
and immunofluorescence techniques were wused to evaluate the anti-inflammatory activity of
3-0-f-D-glucopyranosyl (1"—6') a-L-rhamnosyl 27-hydroxy oleanolic acid-28-0O-f-D-glucopyranoside (OA) from
camellia oleifera (C. oleifera) fruit shell. And control group, LPS group and OA group (5, 10, 20 and 40 umol/L)
were set up. The results showed that OA inhibited the secretion of nitric oxide (NO), prostaglandin E2 (PGE2),
tumor necrosis factor-o (TNF-a) and interleukin-14 (IL-15) at different concentrations, and decreased the protein

expression of NOD-like receptor family, pyrin domain containing 3 (NLRP3) and cysteine aspartate protease 1
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(Caspase 1) at 20 or 40 umol/L concentrations in LPS-induced RAW 264.7 cells. Moreover, OA significantly
downregulated the phosphorylation levels of extracellular signal regulated kinase (ERK) and p38 protein (p38) at 1
and 6 h, and had inhibitory activity on the phosphorylation levels of p38 and Jun N-terminal kinase (JNK) at 2 h.
Furthermore, OA at different concentrations significantly blocked nuclear translocation of nuclear factor-xB
(NF-«B) in LPS-induced RAW 264.7 cells after 6 h treatment. These results revealed the anti-inflammatory
activity of OA, and provided a scientific basis for the targeted development of C. oleifera fruit shell resources and
OA based active products.

Key words: Camellia oleifera fruit shell; triterpenoid saponin; anti-inflammatory activity; RAW 264.7;
lipopolysaccharide

A (Camellia oleifera Abel) J&—FLIZCRIH A% B ST AHA), 2t S PU KA A BHE
Yz —, FEARKEREBIRE. LA, mE. 28 RS PEh XL, oamRk
B, BV R AV 2 ERmAL, AREPUE. K PURIRR . 1ERZ . PR L RO |
O IV M 9 45 V22 5 ) DR AP PR B 410 gl R 58 il 2 R E ) 60% LA b, 2 4% 4t
ORI T R RSO P AR R R, S BT IR A RS RS,
KIARS IR FIH, XIEGIE B RS 40, fERTIARE A 0 7, AR A
FRFM 95% LEEFRIY) 7y B T — Rl 27-F2 B = A, B 3-0-B-D- 1 & RE 1
(1'—6"Ya-L- R ZEHEIE 27-$2 I 1 R R-28-0-B-D-Fi & Wi (3-0-p-D-glucopyranosyl (1"—6")
a-L-rthamnosyl 27-hydroxy oleanolic acid-28-O-4-D-glucopyranoside, OA) Fl— 7 £ 501 1 =il
B F IR 3-0-p-D-HavE . FREURGE AR =il 25 KA & XFRB-FB W R e 8 LA =
i, ERPIR S ATRIL 2, RPN IR A=), DL BORAS . S sk B i 45
FOIRSAEAE, BHEHITEHZ AN D2 FAUG AL 13, 28-S FrHURKE AL, DO (D 12503
R, DI B OO FEHR TARALAN D12 SRR TR AL SRS IR =R e R
WAGZ RN, QR Jik. PGS, JE. RIS,

3k 441 3o 3 — S8 A & (nitric oxide, NO)D. AT 41l 2 E2 (prostaglandin E2, PGE2).
H4/r % 18 Cinterleukin-18, IL-18). HAMI/ 3K 6 Cinterleukin-6, IL-6) FlfJe IAFE A
Fo (tumor necrosis factor-a, TNF-a) % 5EF 7, WoSHH (S Sil, GRFLRFEEE
FI3#4 % (mitogen activated protein kinase, MAPK) FlI#%[AT--«kB (nuclear factor-«B, NF-xB)
{553, TE SN Gl SRL A YR T h R 45 AR SO0, IR 25 W 24 E I BT 4 L B 11
FERSY, REFFEA S ERAM TR 1, MAPKs & —Fh 2 2R/ 2R 5 (I, 5%
i S N VIR, B EAME S TS C(extracellular signal-regulated kinase, ERK). p38
| (p38 protein, p38) Al Jun Z L (Jun N-terminal kinase, JNK) =AM #K R 12,
MAPKSs 130 R LA 5 98 5 3 R (045 [ AZ B A% R (messenger ribonucleic acid, mRNA) #%

KK, A SFEFEEM A ME A BN (inducible nitric oxide synthase, iNOS). 4 & i
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2 (cyclooxygenase 2, COX2). TNF-a. IL-6 Fl IL-18%54H 0711 40 W FH e A3 141, NF-xB
FEV T RORE M 22 JUR AT, 55 nod FERZAR K, & pyrin £54448 3 (NOD-like receptor family,
pyrin domain containing 3, NLRP3) #AE/NMREYIAIG, ik SO A% 5 0 1A 45 98 i 2 IR 1) %
3, BB T IR ORI E MR 4H R (135 405161, Chun %5074 Hi 26 Ebractenoid F 7] ¢

— R RIVRTT LAY, TT LR K NF-xB/MAPK 5 53 B K 5 5 7 40 M 6 R
Ji; Katola Z5USHRIE 1 nimbolide i3 X #E 1] NF-«B A1 MAPK I # FIHL IR > BV-2 /)
JB 5T 40 B PR A 2 JRE s Wang S5OV ZIE W R == 168 T G i #1 | NF-«B 1 MAPK 15 5
RIS R FE LR RANFTRAE o

N T RBXZEDTETE, AT, OA NFFFEXT G, LU Z M T RAW 264.7 B
WA Ay 2 FERRE Y, SR FH Griess. ELISA. Western blotting Fl 402 56 Y6 25H R, $-H OA Xf
R ZHET S0 AR B 143« 00 B 1 RIAFIAR OCME S il BR W0S IO R2 e, AN ET ST &
TS T BRI L, OA Ay Bt 3 P 77 i B AR 2 44
1 HRl55Z%
1.1 MR 5188
111 KR4

OA HIASER = B fil, HATNE RTINS R 95% O/ R S Ok 45
KR IECHE . LR CREANIE T BESHRATRIEAT - RO 28 T 70, R4S 2010 I T R0 43
ARUCHAT RAUB AL 53 19 REFSAL 43 B AN 1) & VUM i A 23 B8, R S R i il 4 e 159 3
KRS H OA.
1.1.2 £ min

RAW 264.7 /)N BRI B WA A H 2 Fi AR MY K 2738 VE 25 27 20 B B e sl S 4R M, 8V
AR ERLF ALEF TCIT R IR A 7 SE 56 = AR AR OR AR
1.1.3 5K 32X 7]

SHEGERER (L5 : RH189304, 43#T4k 99.5%, Lifg 5 BAL R ARG RA R ZEik
(b5 : RH195936, 73 Hr 46 98%, L 5 BAL FHARH IR A AR (it : RH193492,
SHTAE 99%, L5 BALFERE ARG IRATD; VKESER (L5 20210118, Zr#r4l, 99.5%,
2 B A R A D HEETH (5. 401F0311, dbiREFREARA D,
BERR ER T (L5 . 422R024, JERUZSKERHLAMR AT HEEFRI (b5 2323146,
PLE. %1 Biological Industries A ] ); 2R 1filiE (k5 : NTC-HKO026, FifiiE Natocor A ] );

PGE2 i) (#Ht5: P367654, E[E R&D AF]); TNF-a (b5 : 2411843607, wyX # 1 1f
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A TREARATD; IL-18 (LS. 1161825607, LAY TIRARAF): —hiE
F5 NLRP3 (JIt5: 5, £ CST AH]); Caspasel (H#t5: 2, 3EE CST A#); ERK (5
4000000212, R EZHETAEDRHARAFD; p38 (t5: 4000000201, X ZHEZR w4
IR AR AT INK (b5 18, 3EE CST A#]); p-ERK (L5 : 4000000100, #iN %
R TAEMBH AR ATD; p-p38 (L5 : CC02181, Fi 5 A EMRIHARAF); p-INK
(#5: 15, KE CST A7); NF-«B A FOG MGG Git'S: 030222220509, Lig3E
BREVHEARERAT); GAPDH (Hit5: 2020081303, B & G EMRIE AR AR );
EPR TP (A5 BAOI1235136, Jbatii B ARADH ARG RAFD.,

1.1.4 Ex%&

Infinite 200 PRO M Nano 43 Kl b4 (i L Tecan 23 7] )5 TS2-FL %% Rt (H
AJEFEAA]D; ChemiScope 3300 Mini #4.57 & 6 AG A C Eilg BN IR A R A ] D; ESCO
CelMate CO, 35924 (JL[E Decon A 7]); SW-CJ-2FD ##i% TAEG (TR b & A RAFD;
PCE-E6000 Serials 1Hif /K55 CH M 43z R XA RA D
1.2 LT
1.2.1 Griess % 32420 NO &=

¥ RAW 264.7 200350 T 96 FLAR i A3 9%, MAAFEMREE (5. 104 20, 40 pmol/L)
OA THiALFE 2 h, FIIA LPS (1 pg/mL) 4b# 24 h, HpxIEA N OA 1 LPS 4bFE, LPS
AN OA A3, RIH. FCH Griess A LAEWR, FEHIMETARRAbREIZL. ¥ 96 FL4H
f B R 0 96 SLERFRAR T (100 uL/AL), FEIIAZEARRT Griess TAEW, SiRIRY;
10 min, T 540 nm ALATIBOGAE s KEBOGIE W N L RS R AAR v i 22 1) 5 7, 459 HH 20 b
TEW NO VREE,  SEIR AT RN 6.

1.2.2 ELISA %2342 PGE2. TNF-oaf= IL-18%"ik

RAW 264.7 40050 T 6 LRI &G 7%, IIAAERKEE (5. 104 20, 40 pmol/L) OA
TAbTE 2 h, FEAIAN LPS (1 pg/mL) 4bFE 24 h. PBHSUREELENE FI5W, HR4E ELISA 7 &
IS R UL, R G SO R A S L, SRBTATH n = 6.

1.2.3 Western blotting %47 & @ % i Fe 5 BR AL K -F

RAW 264.7 40fa 50T 6 FLR P Id %55 9%, A OA FikbEE 2 h, FIIA LPS (1 pg/mL)
ALPE BRI A UCERAAE, BT UK R, RO B, ) BCA BN E R R,
% SDS-PAGE Hijk 7 85 11, I 2 PVDF i, S%MLAE IR =i E A 1 h, —Ht (111000

B 4°CE R, =P (1:5000F#F) FREE 1h, RAKFEROLRFNEMG, 05
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FEMTE AN, SERTAT BN 3.
1.2.4 J% 3 % 5 iR NF-xB /%57

RAW 264.7 40050 T 6 LRI "G 7%, IIAAERKEE (5. 10, 20, 40 pmol/L) OA
TRALFE 2 h, PO LPS (1 pg/mL) AbFH 6 he F 3G, FFHEHE NF-«B 9% ¢ 6 R i i) it
BIIUEE, VPO NF-«B AL L, L5 FAT4 n = 3.
1.3 HIEALTE

B4 % F) Excel 2007 4b343 41, H] Graph pad Prism 8.0 1 B8t FH Pl AR #EZE ( x+
s) FoR, KA t-test AT ST TR BTG, P<0.05 £oR 2R AG S8 Lo
2 ERE5H
2.1 OA JFHRFEE F 53 by F2 0

OA AR IR AT 73 B I — Bl &4, W48 w45 SR oe i AoA 2
Mo ARHFFTLANE 2 B 5 RAW 264.7 A RAEKEAL, B EHE— B4R 5T OA ML &G 1.
HATE K Griess M ELISA (7735, WHFC T OA X HiE 2 515 3 1) RAW 264.7 4l 2 5E K
TorMRIE . S RME 1 PR, BEHEEEES T NO (P<0.001). PGE2 (P<0.01) Al
TNF-a (P<0.01) 25 RJER FEIE, OA FALEEN IR £ KA S 1 NO P48 A — e Ml fEH,
IRFE Y 20 B 40 pmol/L I, OA 2.3 [#{IK 1 I8 2 8% PGE2 & EI/KF (P<0.01), OA FilibH
XF 2 BB 52 (1) TNF-ofl IL-18M030HIVE TG B3 22 7 . IXEEEE RR, fERRIKEET, OA
SR 2 B 1) RAW 264.7 4 5% K 743 W H A — e ManslfE R, 3%t NO I PGE2
RO E L3, X TNF-ofl1 IL-185R WL 5 2 30 45
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Fig. 1 Effect of OA on the secretion of inflammatory cytokines ( x % s, n = 6)

i SXRRANE, "P<0.05, "P<0.01, ""P<0.001; 5 LPS 44, #P<0.05, #P<0.01, *#P<0.001, T~
Note: Compared with control group, *P<0.05, **P<0.01, ***P<0.001; Compared with LPS group, *P<0.05, #P<0.01,
##P<0.001, the same below.

2.2 OA Xf NLRP3 RfEERARIEHIFM

WL R NLRP3 52— M E Z ) SORE AT 0T, 5 2O0E I S 2% UIAH OGO A 78R A Western
blotting [ /7754341 T OA XF £ Hi %5 S H) RAW 264.7 418 NLRP3 il Caspasel & [ & IEH
. g RWE 2 FoR, BRZ PR E S T NLRP3 (P<0.001) Fil Caspasel (P<0.05)
BRI, 1M OA FALFR G % B S NLRP3 5 A XIS EA —ERMEIER, MIkERN
20 ¥ 40 umol/L i, OA Xt JiEZ ¥# % S 1 Caspasel £ [ RIEFIIIHIE LT (P<0.001), &
5 A1 10 pmol/L ) OA X} Caspasel & H & AR WAPHIMEH o L E 455U B i 2 BEi5 S0 T
FRE/IMA NLRP3 S H R iF £ 1 Caspasel R IA RAREEN, kA3 20 B¢ 40 pmol/L
B, OA TiALEEXT g 2 BE 15 51 RAW 264.7 41 il NLRP3 %8 i /MAFIFH G IR IA B A B35
FIEIAE o X378 NLRP3 {55 3@ 25 AT e 6T OA I 2 36 P R FERURAE FH -
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Fig.2 Effect of OA on the expression of NLRP3 protein ( x % s, n = 3)
2.3 OA % MAPK {55 B IS
MAPK {5 5 AR 7E R K A2 R R e b BAT B 15 /£ T - ERK. p38 1 INK /2 MAPK
GO TR, LI B R R AR R AR A S A AL T A E R KA SR A Western
blotting £i A, 7-HT T OA XHHRZ HE 5 1) RAW 264.7 4l ERK. p38 I INK & FI Rt /K
TN . S5 R 3 TR, AWK EE 1 h I, SR Z R EEL, OA W HIH| T ERK
(P<0.001) 1 p38 (P<0.001) BERALIKF, HZ9MALRE 2 h iy, S5 ZHEAELEL, OA B3
T T p38 (P<0.001) ATINK (P<0.001) BEERILAKT, 2548 6 h I, SHEZHEALL
B, OA BEMELT ERK (P<0.05) Fp38 (P<0.001) BEMAL/K . XUELE Ry, 785K
WEET, OA TRALFENS g 2 HHi% 1K) RAW 264.7 411l MAPK 5% ERK. p38 F1 INK 2 4 i
TR ALK B 428 52 2 25 W) A BRIN R ) 520 o AR, M2 B K ) (6 h) B, OA
i 4R ERK A p38 BERR ML /K P R FEHT R G LR K
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Fig. 3 Effect of OA on the phosphorylation level of MAPK signaling pathway ( x % s, n = 3)
7#: "P<0.05, "™"P<0.001,

2.4 OA %t NF-xB 14 IR ST

NF-«B /& 2 MR AEAS Sl Rk 2 —, 7ERAEDE R A2 vh R SCE FH 2 AR 90 R
PETEHAR, 3T T OA XHREZ M T 1) RAW 264.7 411/l NF-xB ZF A1 i 5gm . 45 F
4 foR, EFFEIRET (WHR4D, NF-xB FEAHEMMRF (a0, i 2R
s BRI, 4> NF-xB ¥ B Bt (LEFO5EORGEZTS). L9
5 0AWH G, #4> NF-«B MBI ZBME] (LERESHEETOEEZRMD), HAR
W OA YR T —ERMHIEN . BA RS R, OA X Z M7 31 RAW 264.7 411 /i
NF-«B &% A BAMEIEH] . EARESRE, 2 OA WAy 5 8 10 pmol/L I, X5 2 ¥ 7
1) NF-xB %% AL 5 AT W 2 A PR EH , IX W] e 1] NF-xB %2 3 OA BT 1E FI BN UK .
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Fig.4 Effect of OA on the nuclear translocation of NF-xB (X 400)

3 Wig54%ie
A RFRI AP KRR =, S B, &, ZMmME RS2 MEEmR, B
A FERFI I AED 0 AHIF 58 LA—Ff i 2% SR 52 RUR IR 55 R e =t B, 3-0-B-D- & B
(1'>6") a-L-FRAHEFE 27- 255 BURER-28-0--D- A & i (OA) NHFFLXT R, LANE 2 bl
72 RAW 264.7 201 RAEREAY, K Griess. ELISA. Western blotting 1 5 52 6 % 4%
AR, P T OA XTHE 2 WE15 T 10 S RE R 4300« JO0E B A I FIAH O 5 18 BR B0E H 52
LKW, OA SR ZHEE 310 RAW 264.7 40 R E K143 BAT — 52 (R4 fi/E F, Fodoxt
NO Fil PGE2 [ {E FHECR 3, TM%t TNF-ofl TL-187K WL 2 MEIVEHT ;10 49K ik 5 20
8¢ 40 umol/L i, OA FiALHE X} fig 2 ¥Ei% S 1) RAW 264.7 41 iis NLRP3 % /MAFIAH S A
caspasel FRikHA EEWINHIIER; - H OA AL EEXT HE 2 H# 75 T 1 RAW 264.7 41 /id MAPK
Zk ERK. p38 Fll INK 4 [ W R Ak 7K T~ R 458 52 2 25 Wy kb BRI (R () 52, 42590403 6 h
P b, OA it 4% ERK Rl p38 RGP RIS R AE I M JLRTE R M9k 5 81 10
pmol/L i, OA XIJii 2 ¥5i% 1) NF-«B A% 7 H A IR BHAE o X Less AR/R OA 7
eI 4% MAPK Ml NF-«B 15 5l g A FE ST R AE A, 31X 5 8 i) BOR e B TU3 =l e
SKAE A A5 M DA i 25 B2 05 MAPK Il NF-,cB {3 5 3 % 1081 48 055 5 7 e — B0
714, EfHERIE, IL-1BERFFRT S BRI, S OA X2 HEFE S IL-1875 1 1
S ] (e 32 BAH R, ELISA R GEAs th RIS GRZEZENSD . 1 OA TAbHEX IR 2 Wi 15 2
[¥] INOS 1 COX2 #8405 R ILIMHIE AR, #8778 OA RIEHRAEF I AT hE 73
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