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Abstract: Cinamomum camphora is proved to possess‘a lot-of biological activities, including antifungal, antioxidant, antibacterial,
anti-allergic, and anti-inflammatory activities. However, little research has been reported on the C. camphora fruit polysaccharides (CCFP).
Therefore the objective of this study was to isolate polysaccharide from C. camphora and evaluate its immunomodulatory activities on
Macrophage RAW264.7. The results indicated that CCFP significantly promoted the production of intracellular nitric oxide (NO) and cytokines
such as prostaglandin E2 (PGE2) and tumor necrosis-factor-a (TNF-a) in RAW 264.7 cells. When the dosage of CCFP was 100 pg/mL, the
secretion of NO, TNF-a and PGE; reached to the maximum values of 53.53 +4.25 mu M, 1008.32 £35.23 pg/mL and 434.56 +25.23 pg/mL,
respectively. The result of RT-PCR analysis indicated that CCFP also enhanced inducible nitric oxide synthase (iNOS), cyclooxygenase-2
(COX-2), and. TNF-a expression. Further analyses demonstrated that CCFP rapidly activated the extracellular signal-regulated kinase (ERK) and
enhanced the transcriptional activities of activator protein-1 (AP-1) and nuclear factor (NF)-«B via toll-like receptor 4 (TLR4). Taken together,
these results suggest that CCFP.can improve immunity, and could be explored as a potential immunomodulatory agent in functional food.
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R ST 2017 45 3 F AT it IR A kML
TAHRATEME, TEHARFER AT SO R IR
FEYNHIE T 2 A MR i 5 % T AR R (Cinnamomum
camphora, (L.) Presl.) 5L

T HEEER (DMSO). lEZHE (LPS). HZEH
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iR, BEAR. PBS (PH 7.4) FA4-IMIEHIE
F Gibco 2 F]; RIPA Ui 34 ARG T35 2 RAMHA
WF7CHT; GAPDH. iNOS. TNF-a. COX-2 5|#)HF
AR s ECL 3 3R Ab 2 R AR A
# BCA HEwElAladi Bt MR A IR
NFEl AT — P35 Cell Signaling A, 3
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\HE]; HLVKAE, Bio-Rad A F]; FDU-1200 Ak THEA1,
HAZ 5 4k; Tecan infinite M200 PRO FEFR{X, Fit
+: Tecan A5]; Gel XP System fH R EHIHIE 258,
Bio-Rad A#]; XD=202 {5 E AV Wefilst, FERYL R K
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M RAERH AR AR KQ-500B &8 75 as Heix, +HE
E UG AT TGL-16GA CO, i 7:5H3H
Thermo A 7]; Nanopure #2ii/K %%, Millipore 227 o
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W5 BT Bhs S SRR (3000.00 @), BA 95%2.
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W BT, EBRFERNERSY « P TS B R SR s i
TEEW FRT, RBR ORI . DLZRACHTREUA I,
BHREE A 1:50 (m/V), 100 °C T #A el SR H v,
WHEHL 2 h, BOOHUR IS IS0 T %5 T4,
HECEE 125 °C, HX R 85 °C, k5% 0.4 MPa
IR SRS 2 WRERD . K BT SR SR 2 e HoK
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(V) 15:1 BREEE 3 IR, LERIREIRIE IR LR
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4 CUKFEII, BEOWEEZHRITE . W 2 WEITE IR iR
TFZK, BWNEEENT 48 h, LA TGRSR
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BRERIEIIE A 62.36%, HREUEH N 3.3%.
1.3.2  fmfidE A gh iR B b

RAW 264.7 21 i M\ 35 [E 7Y 15 52 1) fr 58 O
(ATCC) 1%, FI RPMI 1640 Bs324k (& 10%fR2:
1137 . 100 U/mL 52 & A1 100 pg/mL 855 % )T 37 C.
5% CO, 357 i 75 20U AE K ¥ CCFP it T
DMSO H, i RPMI 1640 57 3458 i ARk
FTRCHI 257+ DMSO & A feiE 0.1%.
133 @& HAem-MTT %

KR MTT 3RS I AEE 5 . B EUE K
1 RAW 264.7 4113, 4% 1>10°MmL. 100 uL/FLEF
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T 96 fLEH, BT CO, Bt G, WEUH
BEFREL, IR TRk S5 57 24 h, W)
ARG FEFE, TRESLHFIA MTT LAER 100 uL, 4k
2 3 h JGEFLIIN MTT &1L 100 pl #ks: 9%
16~20 h j5, FEEFMAE 550 nm 4bJl5%E OD {H, S5
HE 3, YIS o AR I AT R
= CSRIRZH LR EE- 2 AL GAED 1 G FRZFLIR
HAB-Z F AL =<100%.
1.3.4 CCFP #F RAW264.7 Zafit. NO. PEG, #=
TNF-a 4~k 897576

W35y 1<10° MmL i EER T 96 LB,
fL 100 uL BT CO, ¥ Ff st i, PetsilHEsEsR

3, IR FE SR 2B B IR I gk 15 9% 24,
UM 1 pg/mL LPS ZbEE A HaAE 9BE X REZH .
Griess K 4Hif_E 5 NO 43, 4% ELISA
S AR S ERAE 720052 TNF-a0 J2 PGE, 143 5
1.3.5 CCFP xf RAW264.7 a2 INOS. COX-2
% TNF-a mRNA & A 8%

$ 5310° ML B 479 40 mm {1/ FR L4
mL IR FREL) K598 16 h, WLIHE IR, MAEH
100 pg/mL 1) CCFP 4371 42 10 min.60:min. 180 min.
360 min JEUSCEE4IM . SR H Trizol 2 HREX4IHLAL RNA,
REFEN cDNA, SRJ5 9 cDNA . 54 51 A
RT-RCR 41U 1 iz,

1 5|95 RT-PCR &1
Table 1 Primer sequences and conditions for RT-PCR

KR 7145 %1(5-3) YRR ABERIL
Denaturation-947°C, 30's
F: CACTCACGGCAAATTCAACGGCA
GAPDH Annealing-60-"C,30 s 30

R: GACTCCACGACATACTCAGCAC

Extension-72."C, 30 s

Denaturation-94 ‘C,30s

) F: CCCTTCCGAAGTTTCTGGCAGCAG }
iNOS Annealing-60 ‘C, 30s 27
R:GGCTGTCAGAGCCTCGTGGCTTTGG )
Extension-72 ‘C,30s

Denaturation-94 °C,30s
F: CACTACATCCTGACCCACTT )
COX-2 Annealing-55 ‘C,30s 30
R: ATGCTCCTGECTTGAGTATGT .
Extension-72 “C,30s

Denaturation-94 °C,30s
F: TGCCTATGTCTCAGCCTCTTC )
TNF-a Annealing-55 ‘C, 30s 30
R: GAGGCCATTTGGGAACTTCT

Extension-72 “C,30s

1.3.6  fmAedt FFn 5 KT BE AR M

HO A A KB H AR T2 K R ) RAW264.7
YA, FrEIHREIREE, IIAMTEERT IR SR R R
B N ERRST S A, SR S IEEE B
TR 3% 5>A0° NI BT N SR L,
BT 37 C.5%CO, Bt % 24 h 5, 32 1,
BNt 7R3 ZMAO ] Lipofectamine 3000 #4417
EOE I AR G NF-B 3 2 (R iRl AP-1 i 5
FR kL. B T/37 C. 5% CO, 5554055 24 h
Ja, 72 G B FEIR ERA R CCRP Ab3i4m
Jile % RS PR R B E
1.3.7 Western Blot #- RAW264.7 afie T
o9& 8 kL

O H A K1) RAWR64.7 4, $:Ad 540° AN
M T B2 60 mm 1) 4 mL 53500, T Fikisses
HiiEFE 16 he IREIHRIEEFRIE, A 100 pg/mL [
CCFP 73 Al AR AN [A] (1) 1] s SE W SR 40 . Y RIPA 3
RN A, 4% BCA k7 &/ bru il
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RMEZEARE, B 30 uL RAEA, &
SDS-PAGE #¥ix kG, KRR Rl ELRE S
PVDF fi. K#547f) PVDF B THEIR, KR,
JAEREER L, 1*TBS 10 mL JE % —X, 10 min J5 {34,
F 3% BSA 5 mL Z= iR BERL 1 h j5{8FE, TTBS 10 mL
PE=IR, BER 10 min, —$1 2.5 uL 5 5 mL 3%BSA i
HIEYE L h EREC—HT, TTBS 10 mL =¥, &KX
10 min {8/, XJ5 —$t Rabbit/mouse 2.5 pL+5 mL 3%
BSAJH 1 h 55 TTBS 10 mL ¥E =%, 44X 10 min
JE RS . Vel fE BRI S AR R B, RER
B INE] PVDF I 1, FIADEER G b 2 5 it
AT R E A o RN 25 TR R ST E] A 30 5,60 s\
90s. 120 F15min. A2 4 1 RIA K
1.3.8 #XR0H7

O 45 R PP B i 22 (xas) Ko, e
[ 1 22 S MR P B 1) g 22 A W e I G- 6. SPSS
19.0 ik, p<0.05 KA BEMHZR, p>0.05 NJCE#E
PEZES
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[E] 1 CCFP XJ RAW264. 7 HARATFE R KR K AEE T2 B RIS
Fig.1 The effects of CCFP on cells viability and the contents of
cytokines secretion in RAW 264.7

NT TR RS ZHE (CCFP) % RAW264.7
BTSRRI, ARSZCSRA] MTT 94601 CCFP —

SE [ FE Y BBl AR AETE 2 . 45 RN 1 () B,
FELE V0 12.5~500 pg/mL P, SIS R AT I
A2 T R AR LS A —B, XU CCFP 7RIk
J& 12.5~500 pg/mL YU FE X RAW 264.7 41 o
PE, AT NI SIS A

YR TR E ST, R EE s
YRS, TESIE B RBIEZEIEM . B
W4 M BE A BN B AR 1, thdn NO, TNF-a
F PGEp. 1XUE 5 [H 1~ 7E 41 M B A4 40 A A= K 11
WL th k4538 BB AR AT, R SR NO 1
FBEHOKTAE R Sz R b B A S AL dRr 2 —
NO )& &5 R F Griess k1%, 45 940 &l 1(b)
Fi, IEH4T RAW264.7 41 LBk b &R NO

(3.12+0.12 uMD, BHFE LA 2RI, RAW264.7

AR NOFIS SR, 2B IR e
KR. (ELPHRENT00 ug/mL i, NO KI5k
FIECK (53.53+425 UMD . H—HTH, {ELAZRELE
12:5~50 pg/mL JEEE, RAW264.7 2RI NO 14
= LELPS 21, $iBA CCFP Lt LPS TEIE AN, & & 1E
NG AT

TNF-a F1.PGE, P K12 S filis - B i
YARVRAL I AN B bR . iE— PR CCRP anfi]
VRHIT EWE4f, @it ELISA af5m) &gt 40 i py
TNF-a M1 PGE, 40K 11700, S5 R 4anE 1 (c M d)
Fios, AEMRAIRFEVEREI A, CCFP RERS et TNF-o Al
PGE, 4B T A0, 5 NO 3 b 2k 5 — Sk S 3
HIR BB S R . (ELRZKEN 100 pg/mL B,
TNF-a 1 PGE, [1] 7 W &1k B & K, 740l A
1008.32435.23 pg/mL Fl 434.56425.23 pg/mL. N T
Bk CCFP 5341 5| R SORE R F-REG  FRA ) SEge 2
HIMANEEZ B (PolyB), SEERZERE 1 (b-d) FR,
NEEZR B (PolyB) RERSIRMK LPS WO ka4
FRER T, X CCFP il M A 1) 48 RE K730
SO, IXFH] CCFP IR 15 YL,

2.2 CCFP xf RAW264.7 #m i 3% 5E B F 2 H %

K W %7

iINOS 2 HEZ NIRRT —, (EIEH T
TP hRe P E B R, GHE EEH A AR
S A s S A B A, DA AT 45 B B, CCFP
REOE B MRl B oy W SORE R 7, 2 T R IRATTAE A
CCFP 154 ELMEgif s COX-2. iNOS 1 TNF-a &
R BRI E T, F CCFP AbEE4H 10 min. 30
min. 60 min. 180 min. 360 min 5, COX-2. iNOS
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AT TNF-o ZE [ 3RIA KA RT-PCR &, Wl 2 Frs.
453K, CCFP fef% 1 #1755 COX-2.iINOS F1 TNF-a
RN RIEH B —E IR R. IR, BT
N APIR I £ BT L S RAW264.7 772 NO. PGE2
A TNF-a /2385 _E i iNOS. COX-2 #1 TNF-a mRNA
FkRTERN, X5 2.1 MFRGRIEA . DLk
fFFiZRHH CCFP @it il 4ifeH COX-2. iNOS F
TNF-o 2[R FIZRE KR T4 4 NO. PGE, Al TNF-a
(5, 335 WU ShentPS 1S5 F 57 [ttt sk i Ak
B 2 B G BTG AL — 2

GAPDH

COX-2

Time / min 0 10 - 30 60 180 360

e/ (100 pg/mL)

[E] 2 CCFP Xf RAW264. 7 HRRIAETEREF iNOS. COX-2 1 TNF- a £
ESEvN: DA
Fig.2 The effect of CCFP on the expression of mMRNAs of iNOS,
COX-2, and TNF-a in RAW 264.7 cells

2.3 CCFP 3 TRLA 4 &t 15 £ @ It ol

NF-xB 1 AP-1 ¥ [Hl1, | iz #=hPaguu i —
R IALHE INOS, TNF=a il IL6, LIKZ 5
AUNLRET, MR, RS A RN, A
HE—B T NF-«B Al AP-1 52 5545 CCFP % 5 B4
il COX-2. INOS F TNF-a K HsRisfae, 7
RAW264.7 4fiffiH #)% NF-xB-Luc 1 AP-1-Luc, K
PEICERMHR A FL RIS 77727 %% CCFP X RAW264.7
4faH NF-xB il AP-1 [1J5R 1A K. 458 (K 3a, b):
TEBA52 3 CCFP A4, NF-«B A1 AP-1 fl3
EFSN1.0049.12 A1.1.0040.12, 4 12.5 pg/mL,
25 pg/mL, 50 fig/mL, 100 pg/mL ff] CCFP Ab#f
RAW264.7 4H}f{d )5 , NF-xB 1 AP-1 [fj314 5 i 25 34 il »
SN 6.3241.24 A 234445, 12453256 Al
8.6042.56, 14.6742.86 fl 11.3243.22, 18.7543.56 Al
14.5643.78 ., 3% 78431t W CCFP %o} g4 A i s 1
BT NF-«B Al AP-1 #7125,

Y2 B Z R RSN LPS, i 28 PE4H MR
FZHERT, MAPKs & ABE KRN 225 Kl IR
I NF-icF il AP-1 2555 3 R Fm AL, Bl Fodiid,
L, Sutherlandia frutescens Z¥E. R 2 L ¥E

16
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&3 COFP XI#%4E R EF NF- «B (a) F1AP-1 (b) BIEZNH
Fig.3 Effect of CCFP on the nuclear translocation of NF-xB (a)
and AP-1 (b)

Kty 8T ## CCFP /-2 E R4 AL 3 5%
KT MAPK 11558 1) 8 A ki 0t o s ENidsis:
Kl 7 ERK. JNK 1 p38 MAPK [IREfR 1L /KF, & 4

(a-b) WFFEEREN], CCFP (100 ug/mL) #HSHE
W2 it e B TRIHE RS p-ERK MAPKS, - 23U a4k
HitER R, M INK, p-JNK, p-38, p-p38, ERK [
KFETARA, Ui CCFP i S 41yl AL vl fE A0S
p-ERK MAPK & {5 S IB A 0% 1X 52 BT HHRIE 1)
T HE RS M IEEGE p-ERK MAPK 21
EEEEHLE ST, Toll FEZAE (TLR) 7EIR B
JRARFNEOE e R e e 5 HERIMER, TLR4 21E
YRR A A R B Toll B2, AT ARSI 822 EQ R
G2 HE (LPS) P8, TAEsanm K AR Gufis M Fl %
PGS AR = s R . b, HHSG
WS RAR L N SR 20, k2, s
LA S BN B IE 5 TLRA 2RS4,

WEERSE, TLRA —HRE, ERe et amim
IR R AMBGEHCEH, W ERK, INK Al
p38 IS, LA sR T NF-«B H1 AP-1 ()
TP, AR g e BN, X CCFP AbFE4RI
AR IA] 5 (5, 10, 30, 60 min), ZEHE4nE 4 (c-d)
Fi7R, TLRA SZRER A FRIAREA KOS T 1732 T 38
o, WFFULE R TLRA 5214 & CCFP G4 i i
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ShEA AL o R AT DL B CCRP it 540 - TLR4
ARG G, W IR — RINIHIER L, NI B
WA, BRSO B ARE R 1

a P-ERK :=8=‘

e g 0 S 55 S

PIE — — - — ——

p-JNK
—_— — -

— —

INK
B-actin T e e ——— —

Time / min 0 10 30 60 120 180
AHE /(100 pg/mL)

401

b = P-ERK *
fe) 357  ==p-p38 .
£ 30 ==pNK
£ *
S 25fF
N
T 20t =
o LSr
=
EO1.0f
B
E 0.5+
o 00tL
Time/min 0 10 30 60 120 180

W RE / (ug/mL)

s [

Time / min 0 5 10 30 60
WP /(100 pg/mL)

141
1.2
1.0
0.8
0.6
04

XTI (L5B-actin #HEL) &

02F

Timf:of{l)nin 0 5 10 30 60
HRHE /(100 pg/mL)

[®] 4 CCFP X#iE&{k ERK1/2, p—JNK, p38 MAPK (a) LAKZ TLR4 (b)
ERFRIEHFMR
Fig.4 Effects of CCFP on the phospho-ERK1/2, the
phospho-JNK, the phospho-p38 MAPK (a-b) and TLR4 (c-d)

3 g

3.1 EMEAMRE A EREA, RS R R N
HORBEEM, R EEBYR AR NRN,  EkggY
MV PR RA (APC), RHilEid RS T e

Y, FEFIEMNMEREENE . SAh, EREAERRRG
KA R AR R RO G RN 1 5 Th . k #5
FEEEEAE, R, E I 1 A E AR 4
HRERYSKPPA T 1 A2 02 1 B2 R T 1

32 FERENTIEE BN, EHARFIRI A e AA(E
REAE . LRI HE SRS AT, BIRE AT
R R 48 R 1 A3 IR BRI N FA T — E ResE, {5
X T HERUG RIS A VIR F R o AR 5T AT
RSEZ PN RAW264.7 21 H (1) S e 13 v 1 et
H5EWRAE TRLA R2ik4 6, 3 MiF p-ERK
MAPKs 5 305, NF-xB L AP-1 #5581 K
COX-2. iNOS Fll TNF-a FEAIRZIA P kil ks
TEAEM ) NO, TNR=a F11 PGE, 25 R5E A 1. 35 Sk Ay
1, AT TR IR AR SR S 2 WE B 00 5 A
P BEAFAE I SR RS VL, D& BT R A
BRI AR R AR AL F R RIS
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