FMIERELRE RAW 264.7 R TEMERIRNT
W, m W, BEH, ROUE, KTH, HRA

HA AN RSB 2 e TR S A i A 3 R R A 5 S =, 22 730070

W E: 4% Gnulin, INU) fER—FEWZHE, FEAZ0RMAE IR e Puk. SuigssE
W) I RE T % 32 57E . H H AT T INU U35 58 35 vk (O 7O M 8D o ARG B 7E3R 72 INU S B W41 i
RAW 264.7 Gueifi IS . K FH 403G 58 A 71 &5 (cell counting kit-8, CCK8). AL IGAE I INU X
EWE 40 M RAW 264.7 3 58 % 1 A0 7 WS Ve R o SR P A BB A0 4700 vk A o 92 T DR P8 Cenzyme-linked
immunosorbent assay , ELISA ) # il 40 jfl o — %0 4k % Cnitric oxide, NO) F1 40 s Rl F (1 40 iy A 3% -18
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(phosphorylated p38 mitogen-activated protein kinase, p-p38) HEHAKIEX (P<0.01). % LFrid, INU mliEL
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Abstract: Inulin (INU), as a plant polysaccharide, has attracted much attention due to its wide application value and
enhancement of immune, anti-inflammatory, anti-tumor and other biological functions. However, there are relatively
few studies on the regulation of immune activity by INU. The aim of this study was to investigate the effect of INU on

the immune activity of macrophage RAW 264.7. The effects of INU on the proliferative activity and phagocytotic



activity of RAW 264.7 macrophages were detected by cell counting kit-8 (CCK8) and neutral red test. The Griess assay
and enzyme-linked immunosorbent assay (ELISA) were used to detect the release of nitric oxide (NO) and cytokines
interleukin-15 (IL-1p), interleukin-6 (IL-6), and tumor necrosis factor -a (TNF -a) in cells. Real time fluorescence
quantitative PCR (qPCR) was used to detect the gene expression levels of cytokines (IL-15, IL-6, TNF -a), and Western
blotting (WB) was used to detect the effects of INU on the expression of key proteins related to cyclooxygenase 2
(COX?2), inducible nitric oxide synthase (iNOS), and mitogen activated protein kinase (MAPK) pathways in RAW
264.7 macrophages. The results showed that INU significantly enhanced the proliferative activity and phagocytosis
activity of RAW 264.7 cells and promoted the secretion of NO and the expression levels of IL-14, IL-6 and TNF-a
(P<0.01). In addition, INU significantly up-regulated the protein expression of phosphorylated extracellular regulatory
protein kinase (p-ERK) and phosphorylated p38 mitogen-activated protein kinase (p-p38) in COX2, iNOS and MAPK
pathways in a concentration-dependent manner (P<0.01). In summary, INU can regulate the immune activity of
macrophages through the ERK/p38MAPK pathway, and has a good ability of immune regulation.
Key words: inulin; macrophage RAW 264.7; MAPK signaling pathway; immunoactivity
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FE A4 %-6 (interleukin-6, IL-6). H4Ifi/r%&-1p (interleukin-14, IL-18). —% L% (nitric
oxide, NO) FIMIEIIAFEI F-a (tumor necrosis factor-o, TNF-a) 5K (B FEHLHTAN K 195 i 40100,
TESPEW TG i, 287 EAIEILEIE (mitogen activated protein kinase, MAPK) 155 i

RN FHMLIEE TR —, ERIMESEARA, EEEEECR, S5 IREZ MR
o MAPK 342 3 Ja T 5 5 B OB B e RERBTR A BT, ML S hRer 2l

MR TER T INU XN IR B R RAW 264.7 S i VERG I EH . i@ A I RAW
264.7 ML TA PR . ARk PR . NO BRI R 7 (IL-6. IL-18. TNF-a) [H3RIE 5 5l
K, DUHIDN INU R A 52 (BRI il o
1 MR5E5EE



1.1 #HE5EF
1.1.1  fmfie 544t

NER A BT R RAW 264.7 (JIL5: 2LALU9OAAH, R AEMBHARATD; 2
oGS5 A141S212552, R AEVRHA R AFD.
112 E&R&A

DMEM #5973 (Hit5: 8123024, [ Gibco A F); fad-1iE (L5 : S3903341, #[H
Invigentech ZE¥I AT ); MR (LS. 36522601, 35 Corning ¥ /AH]); CCK-8 k7 &
(Cell Counting Kit-8, CCK8) (t5: 021723230417). LMkl & (5. 092222230329).
— AL ER IR & (S 052223231114) ( BB R REMEAREIRAFD: ELISA i & IL-
18 (45 : 202308). ELISA i & IL-6 (Ht*5: 202308). ELISA 7 & TNF-a (#t5: 202308)
(EH T AEYRECA R AR RNA SRBUOSH & (b5 : A5A0642). A& (H5:
A5A2997) (KW R A AT bilk: MEANA™TE BB 1 (extracellular regulated protein
kinases 1, ERK1) (it 5 : T02231770) . 3§ B 1k 48 fw 4 i 45 & & ¥l 1/2 ( phosphorylated
extracellular regulatory protein kinase 1/2, p-ERK1/2) (#t*5: T04091512). ¥R p38 2 %45 ig1k
HE 4 EE (phosphorylated p38 mitogen-activated protein kinase, p-p38) (k5 : T02021576) C(iLEH
FTREMFHARATD: Pidk: p38 LRI E HHAE (p38 mitogen-activated protein kinase,
p38) (Jit5: 00108974). A& ALEF 2 (cyclooxygenase 2, COX2) (Hit5: 00052009). %G —%
WWEAHE (inducible nitric oxide synthase, iNOS) (fit*5: 00115089). 1LI%:$i% (Goat Anti-Rabbit)
(b5 20001249) (RN =JEAEAFD.
12 753k
1.2.1 RAW 264.7 tmjie 355

RAW 264.7 ML R: 7% /DN R ERELI RAW 264.7 T2 &R 772 (F 10%64- & 100
U/mL 8% Z M 100 UmL FH ) HAEK, KHAMHET 37°C. 5%CO PRI . A%
HIE 2 70%~80% I AT 444X, 4 M| T2 B HCA4HML, 1 100 r/min 250> 5 min, 3¢ BiF, #HE
AT e R IRk, 37 °Cy 5%CO: 55 MF T H R, A% 3~4 R, HITHEcH 8, R4 ik
N 1x10° A4y /mL % H
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ELGEZH i RAW 264.7 BJALBE . J5vE S 2% CERIS), INU KB 2 2% UM R B 2. 4 RAW
264.7 HHRFEFN T 96 FLAR, FALAMEMR GREEN 1x10° 4~ /mL) 100 uL. &2 A (i 100 pL &
10%ff 25 M35 ) DMEM R: 72238 T2 LD IPEXTREZL Chn 100 pL 7 10%M6 45 1135 ) DMEM %
FRIEET ML D BHEEXT R (I 100 pL 29K 58 1 mg/L lE 2 BE (lipopolysaccharides, LPS)
TAMfL D IRA (4300 100 pL 9K 0.25, 0.5, 0.75 g/L [ INU Wl T4 L), &
Mk 6 NEFL, AFEANH S FEFF 12 he %08 CCK-8 7 & i B B4elE, &40 10 pL /) CCK-8
VEW, REFRAETR M E | h 5 EEAS ORI 450 nm AL B E B (Aasonm) s T4 B 3G B R

(R).
R=(A3-A1)/(42-A1) x100%

A, A BAREFREEA CCKS WM A A LI RO 2. R 40, CCK8 i
BRI AL s 45 BAYIM. CCKS UM 25 Wi i i FL R 5
1.2.3  BERE ) AW

S FH rp o 20 R R I A0 R A W RE JT . K RAW 264.7 1L DL 1x105 AN/mL %5 B 45 5L 200 pL 4%
T 96 FLIR 9% 24 h, KCFRANND)E FEEER 12 h, AR RS IR S U B R, AL
B FROEF PBS Wik 2 Ik, BEJGEEFLIN 200 pL 40 B 5 32900 20 pL LT, RN E
2h, ZEFEEAPLRORIOMMBEE TR H PBS BEEk 2 K. I 200 pL Ao 04 W 2R,
FIRIER FRUE 10 min, 3 FH BRSO Assonm 18, THH RAW 264.7 410 ) F Wi iE1E
1.2.4 NO 4 it##)

K P BRI NO Bl . BA 1x10° AN/mL % FEHeFl RAW 264.7 4 /il T~ 96 LR, Ak
FRAAME 12 h JE s &AL BB, $ IR NO R IR & U A, AL L3S b A IO B
AR B R TS 50 ul, A6 FH B AR DCRIIN Aasonm (8, BESZAR I E RAW 264.7 41Jfl NO
eS8
1.2.5  %J& B3R MHX IR AR M fm e IR F 53 ik &

K FH 5 S5 BB B 56 (enzyme-linked immunosorbent assay, ELISA) A& 4 ff K 173 s &,
¥ RAW 264.7 I HAN T 6 FLAR, ACFER:FE 12 h JEAR S 44 b, AR4E ELISA BRI & i Bl
B, S5 8 B PR AR I Aaso om B, EESLHR HITHE RAW 264.7 40 i h 4 a5 F- (IL-18. IL-6.
TNF-a) )45k &
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K HSER 5% % € & PCR (Real-time fluorescence quantitative PCR, qPCR) A E 4l i 1L-15-
IL-6+ TNF-aff] mRNA JK-F. #f RAW 264.7 A 50T 6 LA, ALPESIR 12h )5, F R4 L
W, F PBS ¥k 3k, ] RNA $EHURG SR B RNA, R R 5 3 S e sl & i
H1E153) cDNA, Ll-actin NZFIEH, ¥ IL-18. IL-6. TNF-a3EH 1% ikE . qPCR RNAE A :
iR 0.8 uL, E FiHF5I#4% 0.4 uL, 2x SYBR Green Pro Taq HS Premix 10 uL, ddH>O 8.4 uL .
qPCR XM 2kf: 95°C305s, 95°C5s, 60°C30s, 40 NMEH, 58 h 2220+ HAH . 51975

2% 1.
#1 HREERSHNSERTIWFS

Table 1 Sequence of target gene and reference gene primer

Gk k2]l
Primer Primer sequences (5'—3")
S-actin F: AGAGGGAAATCGTGCGTGAC

R: AGGAGCCAGAGCAGTAATCTC
IL-1p F: GGATGAGGACATGAGCACCT
R: GGAGCCTGTAGTGCAGTTGT
1L-6 F: TACCACTTCACAAGTCGGAGGC
R: CTGCAAGTGCATCATCGTTGTTC
TNF-a F: GGTGCCTATGTCTCAGCCTCTT

R: GCCATAGAACTGATGAGAGGGAG

127 RARZFQFTHNEARAIE

K % B (A ENE (Western blotting, WB) K& (1RIAERE, ¥ RAW 264.7 40z fi T 6 1L
B, AbFEEEFE 12 h J5FF RAUMEE IR, PBS BEik 3 i, {34 RARBOR PMSF IRAY (100 & 1)
RIGEA, 7R2MEE, 12000 t/min, 4°CEC 15 min. ] BCA & AR IR A I & ik
B, EEMBE, /] 5xLoading Buffer {8 A&, BiJ5, 98 °CAZ{% 10~15 min, -20 °Cfifff. M
WB AR, ZH A SDS-PAGE 7> B d i, I H# 2 PVDF . TBST mft)a, MEH 5%/
JEWy¥r i) TBST #EAT 3. —Hi 4 °CHF A 16 h LA E, i iNOS. COX2. ERK. p-ERK. p38. p-
p38 HFE IR BHEEIRFE 1 ¢ 500 Fefill, FfLAp-actin (1220000 FZ, Rabbit-HRP Fric i) P
(1:3000) 37°CH¢¥E 1h. AL RGN %R 5, F-H Image J E &R 3T
1.3 BuEGH o



W46 # 4% Kl Graphpad Prism 8.0 Al Origin 81 8EAT 48 1 20 #r, 3l i 51 8 3R 05 22 70 #r A
Student’s t-test /75T Giit & RUSFRIMEARIEE ( x+£5) Fox, P<0.05 FoREFAAG¥
2 4R
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B 1A B, BB INU WREE 60, FA M3 508 ) AR R 3. INU &40 HE4H 5 Con 4
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Fig.1 Effect of INU on proliferation activity (A) and phagocytosis activity (B) of macrophage RAW 264.7 ( x+s,n=3)

F: 5 Con #Hlk, "P<0.05; *P<0.01, T~[A. Note: Compared with Con, *P<0.05; **P<0.01, the same below.
22 FHWEMELZAE RAW 264.7 RRBEEF IL-18. 1L-6. TNF-a5ihERIFM

T AL B GE B AT 2 W KR A Rl (IL-18. IL-6+ TNF-a), LR 40 S S o n &
2A. B. C iR, M INUIKEAN 025 g/L i, RAW 264.7 408+ IL-18. IL-6. TNF-aff) & &5 %
Z5 (P>0.05). M4REEN 0.5 g/L B, 5 Con HAHLL, IL-18. IL-6 HI4rihas W& e (P<0.05),
TNF-a )73 i St B & FH i (P<0.01). INU KRN 0.75 g/L B, 5 Con AHAHLL, IL-18. IL-6.

TNF-a/r 8 5% FTF (P<<0.01), Hrf TNF-aff) 48 Bk B e .
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B 2 INUXTEMEHHE RAW 264.7 P4IEF IL-18 (A). IL-6 (B). TNF-a (C) SWEHKEM ( x+s,n=3)
Fig.2 Effect of INU on the secretion of cytokines IL-18 (A), IL-6 (B) and TNF-« (C) in macrophage RAW 264.7 ( x+s, n
=3)
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K H qPCR VLA INU X ELWE 4 i o [L-18 IL-6+ TNF-o3: R FRIEHFIFE M. WK 3A Finx,
INU #KRJE N 0.5~0.75 g/L I}, 5 Con ZHAHLEL, IL-IpRMIAIXTRIEREEZ N (P<0.01). WA
3B s, 5 Con HAHEL, 0.5 g/L i) INU &3 #2& IL-6 FE PR X R IA (P<<0.05), 0.75 g/L ]
INU & E$2 w5 IL-6 FEF A X RiL (P<0.01). WIE 3C Frax, INU &aBRA Y REE Z i RAW
264.7 YU TNF-oE R AT RIERE (P<0.01), A INU KEXS] 0.5 g/L B, TNF-o3E K [
X FRIAL B

A % ) c s
Rad] 2 5004 ** EE § 40 =
i T X & *%
£ 5 60 *x £ 400~ B o e
Wz K Z 300 I o k%
® 2 50 g @300 2 2 ¢ 904
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B 3 INU X EWBE4HHE RAW 264.7 P4 EEF IL-18 (A)\ IL-6 (B). TNF-a (C) HFEREEBNEM ( xts,n=
3

Fig.3 Effect of INU on expression of cytokines IL-18 (A) , IL-6 (B) and TNF-a (C) in macrophage RAW 264.7 ( x+s,n=
3)

24 FMXTEMELER RAW 264.7 1 NO 432K iNOS. COX2 EHAFRIERIFM

VER G B I B LA, NO IR 3 P4 4 5 Oy B R4 IS AL 1) 58 e debn . 45 SR 1] 4A BT
~, INU & ACFRA e 55 3 2 3 B 40 RAW 264.7 1 NO IR, 5 Con LI ZE RIREE (P
<0.01). BEFE INU WKEERIHE R, RAW 264.7 0B NO IR RE AR R G 58,  BAT R B, H
1£ 0.75 g/L i NO B E Bk .

FEEWEAMEA, INOS & —MEZEE, Bt NO W&, JFHZ 519 G [ R 4 5E
AR, 4B, 4C fras, Con 4HT INOS H HREKFEUL, I INU AL RAW 264.7 J&, iINOS
EARBEET S (P<0.0D), H2RERBITE. COX2 &—RiFE SR, 7 ITELIEA IR IREE L
NETFIIRER . XL AR AR S A0 PR ORBEAE R, s H R A . B 4B 4D Bt

R, INU S COX2 HHKFEET & (P<0.01), FHINU BEIT{Ed RAW 264.7 41 g b



COX2 HIB MR IE W E N . S5 53EH], INU {23t RAW 264.7 4ijifi 4 iNOS Fl COX2 HEH
[14) 2% 15 184 5 G 8

A Dasd B
=
g sk
EO 5o *k INOS | s S s s o | 130 kDa
RE T | A i
& °
o5 COX2 — e e w | 65 kDa
=8 251 S - =
=
8
2 F-actin | s - s——— | 12 kDa
= 0.0
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COX2 d X #ik it
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Bl 4 INUXTEMEHH RAW 264.7 tf NO 8 (A) & iNOS (C). COX2 (D) BHEMNFTEEMEM ( xts,
n=3)
Fig4 Effects of INU on the secretion of NO (A) and the relative expression of iNOS (C) and COX2 (D) proteins in RAW
264.7 macrophages ( x+s,n=3)

2.5 FHITEREYRE RAW 264.7 MAPK {5518 h X B E R RIEEN
K H WB R T INU X B EEZH i RAW 264.7 MAPK {5 538 4 b OB 8 (IR IA IR . 45 5
K 5A~5C fili7n, 5 Con ZLAHEL, INU 4b¥4H A p-ERK. p-p38 EHEXRZE L ETE (P<0.01), I
HEAF RSN, XFEH INU /8355 RAW 264.7 418+ p38 Al ERK 1B R 1k 7K 7 K B0E

MAPK {55 i@ .
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p-p38 S o e | 41 kDa INU (g/L)
— C
p38 —— — - — — 41 kDa
ﬁ—BCtiﬂ —— — 42 kDa

p-p38/p38 i

Relative protein e:

Con LPS 025 0.5 0.75
INU (g/L)

Con LPS 025 05 075

INU (g/L)

Bl 5 INUXIEME4HE RAW 264.7 MAPK {5589 p-ERK (B). p-p38 (C) BHMNFREAEMELM ( xts,n
=3)
Fig.5 Effect of INU on relative expression levels of p-ERK (B), p-p38 (C) proteins in RAW 264.7MAPK signaling pathway
of macrophages ( x+s,n=3)

3 Wig5%ie

A FARDS 7 INU X E R RAW 264.7 i R fm . 45 BoR, 0.25~0.75 g/L WK FETE
FE[ A 9 INU % RAW 264.7 ZH i 70 W] 2 i 4B s E AR HY 1 3 25 2w 40 M A W 8 0 1 NO 73k &
IEAk, INU WKELE 0.5~0.75 g/L JEHEI NI, RAW 264.7 4004 IL-148. IL-6 A1 TNF-aff] /3 s & Al 3t
RFEEEETE. EAERKAZ, 0.25~0.75 g/L K EZTUE N INU LUK MR- 7 8 % i
RAW 264.7 4fiffi 1 iINOS. COX2 fEH#Kik, Jrlid i ERK. p38 & A BRI KT I0E MAPK {5
S, WSS REW] INU X RAW 264.7 40 BA B (0 G 28 8 7% 1

INU & —F AP PuiE. FRMUBE. i S A IR M R AR 2 k0. R4 i e 5 14
T By TS 5HRENE, iR E Hm I 7 WA FR 23 WA 20 i B 2% 03 5 J5 B s 7 00, NO 1
NP E BRGS0, FE S 5 S I HC AR B P A T T R HE A OGS .l 4R
iINOS Jifi R NO /KSF,  AJ LA R0 5 0 B W 4t F st T % 8 E s B ee 71, AR S WL %52
YR FWL. TR, MW Z RO — R B A, R A0S B 1 O S e T
BE, AN VR AL S SR o AT 50 R AN PH 22 Bl B 06 42 i B VR 20 i RAW 264.7 IS5 58 L v
Je NO (53, I HAHWH R MRS RIS, Lin ZE00R D050 7 A8 00 0k 5040 i 28 1 7 1 R ik
Jo NO FOGHAR B (1500, TENLAR Gl v R F5 58 B B o BB 0 IR TG A6 R 22 At mT o aod 1 5
BN AR AE T, R 3E NO FIGH MR ) 23 Wb VA 15 LA S s R0V, ARBIF I8 430 #7 17 INU X B W 40 f



RAW 264.7 F A i, R INU R4 i B WG 0 19 08 A0 77 B B g, S5 32 30 m e 4
NO 53K F, 2 —@ R mK AN K. @ik WB R iINOS il COX2 H /K, INU LAMKEK
it 77 B INOS AT COX2 M R IE . Rk 4 gt —PIESE INU et s 1L EVR 4 i RAW 264.7.

EWGE4H A 0 2 Ml Al ¥, Wi IL-18. IL-6. TNF-0%%, XEEHR 72 500 N . [k
A0 A KRB E B ZH 0. TR, 4 R 2 E R R S s S 2 — . FRETR,
IL-18805% Toll-IL-1 2 AREE R4k, B U8 X A= P A os 2 A LD LA 22, Ak, IL-182 2 Fh TSR
TR ORSRANML R 7, 25 4 e e A PRI A AL S AR, I HOE RIS IL-6. TNF-a %5 Hofth %%
FHEAH AR T (1 50 o Liv ZEPWE SR IR 2 HE (Astragalus polysaccharide, APS) HEWS &2 5
X0 (5 16 200 P+ R S A SRR TR I R IE KF, JRd It 32 & IL-18. 1IL-6+ 1L-8 Rl IL-10 [0 A K idi 1h
B W P T4 S e N o ETE TR AR ELY APS HBEASE I 4 = IL-6. TNF-o 5545 i i O R 7 1 43
AR R 1K R4 v ELR AR PR % 24 AR Fi R, 0.5 A1 0.75 g/L 1) INU RE 225140 IL-18. IL-6
A1 TNF-a 3 R0 67K o R 45 SRR W INU AT R AP I 5 WL Py SR B AR S R B A 42
FREST

MAPK SBFSTE e R G e N e B EZME R, RS I0s S e i, 115 40 PRI A A 41
J 2 PGB IR 7 (1 21K 02, ERK. p38 F25 MAPK 5 538 % b B B 40 i (5 5L e ¥, 76 %
PR R R IEH EENEA . Zongo Z5PSNIEWIFF 2 £ Bl il 4% il MAPK J# % ' ERK. p38 &
HIBERRIL, HEFERMMENL, KR ERERIEMK. Xie R0 FR I, @i B
p38 {55 IHEEHT, APS 551 RAW 264.7 4l fid 1 TNF-a ) 73k i 35 B AR HLR I MAPK #1512
&A% NO. IL-6 Fl TNF-affi =4, ZEAR 4, INU fefs 2% 1 MAPK i@ p38. ERK & B
FRALHIRIBIKF, JFHS INU R 2 IEE . BEFUSs Rt —DAEsSE, INU Refigifiid MAPK 15 58
R I 240 P 1 e P 1T T o

INU B A BRI R ETE M, feis BOn BN RAW 264.7, M5k BG4I B IFE S
MM FRIFE . BhAh, INU A _E1E iNOS il COX2 £ A K3 ik K MAPK i # b 5 38 54 53¢ (K] 1
ERK. p38 H H IR R IK . SLEe 45 R U] INU ik MAPK {5 518 5% 15 5 E VR 41 il RAW
264.7 PEE G NS, BB TETER R TR o AR SONIRAWFIT INU B R 3R 4 T 31K,
B A BE T LTS TR AR T
SEEk
1 Wang J,Wang H,Zhang H,et al.Immunomodulation of ADPs-la and ADPs-3a on RAW 264.7 cells through NF-

xKB/MAPK signaling pathway[J].Int J Biol Macromol,2019,132:1024-1030.
2 Guo L,Xie J,Ruan Y,et al.Characterization and immunostimulatory activity of a polysaccharide from the spores of

Ganoderma lucidum[J].Int Immunopharmacol,2009,9:1175-1182.



10

11

12

13

14

15

16

17

Mazumder S,Ghosal PK,Pujol CA,et al.Isolation, chemical investigation and antiviral activity of polysaccharides from
Gracilaria corticata (Gracilariaceae, Rhodophyta)[J].Int J Biol Macromol,2002,31:87-95.

Liu Z,Liu F,Wang W,et al.Study of the alleviation effects of a combination of Lactobacillus rhamnosus and inulin on
mice with colitis[J].Food Funct,2020,11:3823-3837.

Zhao J,Zhang WJ,Chen Y,et al.Effect of bee pupal polypeptide on the immune activity of macrophage RAW
264.7[J].Curr Biotechnol (4= #14 Rt f&),2020,10:550-556.

Wang H,Xu X,Yin Z,et al.Activation of RAW 264.7 cells by PCp-I, a polysaccharide from Psoralea corylifolia
L,through NF-xB/MAPK signalling pathway[J].Int ] Immunopathol Pharmacol,2021.

Fan R,Zhu C,Qiu D,et al.Activation of RAW 264.7 macrophages by an acidic polysaccharide derived from Citrus
grandis ‘Tomentosa’[J].Int J Biol Macromol,2020,156:1323-1329.

Ou Y,Zhu L,Xu S,et al.Activation of RAW 264.7 macrophage by Exopolysaccharide from Aphanothece halaphytica
(EPSAH) and the underlying mechanisms[J].Fundam Clin Pharmacol,2020,34:591-602.

Zhang GW.Study on the immune functional components of Ejiao based on RAW 264.7 cells and immunosuppressed
mouse models[D].Wuxi:Jiangnan University(YLFd K2%),2022.

Liu Q,et al.Research progress of Astragalus polysaccharide on natural immune regulation of macrophages[J].China
Anim Husb Vet Med(H1 [E & & [£),2022,49:1746-1756.

Han ZJ.Study on immunomodulation and signaling pathway of macrophage RAW 264.7 by spinosa
polysaccharide[D].Urumgqi: Xinjiang Medical University(H7 &% £} K 2%),2017.

Yan ZR,Yin HW,Pan JQ,et al.To explore the mechanism of Jiedu Huoxue Decoction in the treatment of type III
prostatitis based on ERK/p38 MAPK signaling pathway[J].J Yunnan Univ Chin Med( = F§ 77 & 2§ Kk 2% 2%
%),2024,47:67-78.

Ye WIJ,Zhou JH,Liu CG,et al.In vitro evaluation of the immunomodulatory effect of Lactobacillus on RAW 264.7
macrophages[J].China Brew( [F #i),2022,41:51-55.

Wang JQ.Effects of inulin on gut microbiota and macrophage immune function[D].Taiyuan:Shanxi University( Ll F§ X
£),2021.

Ning C.Study on the mechanism of regulation of JNK and p38 MAPK signaling pathway by chicory inulin on blood
glucose in type II diabetes mellitus[D].Shenyang:Shenyang Agricultural University(3GBH AR Mk ok 2),2017.

Rong Y,Yang R,Yang Y,et al.Structural characterization of an active polysaccharide of longan and evaluation of
immunological activity[J].Carbohydr Polym,2019,213:247-256.

Lee JS,Synytsya A,Kim HB,et al.Purification, characterization and immunomodulating activity of a pectic

polysaccharide isolated from Korean mulberry fruit Oddi (Morus alba L.)[J].Int Immunopharmacol,2013,17:858-866.



18

19

20

21

22

23

24

25

Abliz R,Li M,Hu JP.The effect of Cynomorium songaricum polysaccharide on macrophage RAW264.7[J].J Food Saf
Qual(f i % 42 i BRI 414 ),2018,9:5694-5698.

Liu L,Lu H,Cai GF,et al.Effect of tea tree mushroom polysaccharide on immune function of mouse macrophage RAW
264.7[J].Chin J Vet Med(H El %% 7% £),2023,59:25-30.

Du J,Li J,Zhu J,et al.Structural characterization and immunomodulatory activity of a novel polysaccharide from Ficus
carica[J].Food Funct,2018,9:3930-3943.

Brodin P,et al. Human immune system variation[J].Nat Rev Immunol,2017,17:21-29.

Sun WL, Wang HQ,Ze LX,et al.Polymorphism of pro-inflammatory factors (IL-1p, IL-6, TNF-a) and their association
with immune traits in Tibetan pigs[J].Acta Vet Zootech Sin( 7 #5545 Z4#),2019,55:1958-1969.

Liu Q,Wang L,Zhang K,et al.Immunomodulatory effect of Astragalus polysaccharides on HD11 in chicken
macrophages[J].Chin J Vet Med(H & = = 244 i£),2023,42:1-7.

Xie Y,Wang L,Sun H,et al.Polysaccharide from alfalfa activates RAW 264.7 macrophages through MAPK and NF-«xB
signaling pathways[J].Int J Biol Macromol,2019,126:960-968.

Zongo AWS,Zogona D,Zhang Z et al.Immunomodulatory activity of Senegalia macrostachya (Reichenb. ex DC.) Kyal.
& Boatwr seed polysaccharide fraction through the activation of the MAPK signaling pathway in RAW 264.7

macrophages[J].Food Funct,2022,13:4664-4677.

Weka H . 2024-08-26 % H A
HEETH: iR KSERBHFERATE (Gaufx-05Y07); Hilwl KA BRI R4 EH (GAU-
KYQD-2021-09)

*H{E/EH Tel:15071224619; E-mail:zhanglih@gsau.edu.cn, huji@gsau.edu.cn


mailto:huji@gsau.edu.cn

	摘  要：菊粉（inulin，INU）作为一种植物多糖，因具有广泛的应用价值以及增强免疫、抗炎、抗肿
	关键词：菊粉；巨噬细胞RAW 264.7；MAPK信号通路；免疫活性
	Abstract: Inulin (INU), as a plant polysaccharide,
	Key words: inulin; macrophage RAW 264.7; MAPK sign
	1  材料与方法
	1.1  材料与试剂 
	1.1.1  细胞与材料
	小鼠单核巨噬细胞系RAW 264.7（批号：2LALU9OAAH，武汉普诺赛生命科技有限公司）；菊粉
	1.1.2  主要试剂
	DMEM培养基（批号：8123024，美国Gibco公司）；胎牛血清（批号：S3903341，美国I

	1.2  方法
	1.2.1  RAW 264.7细胞培养
	RAW 264.7细胞的培养：小鼠巨噬细胞RAW 264.7于完全培养基（含10%胎牛血清、100 
	1.2.2  细胞增殖活性检测
	巨噬细胞RAW 264.7的处理：方法参考文献
	1.2.3  吞噬能力检测
	采用中性红试剂检测细胞吞噬能力。将RAW 264.7细胞以1×105个/mL的密度每孔200 μL接
	1.2.4  NO分泌量检测
	采用格里斯试剂法检测NO释放量。以1×105个/mL密度接种RAW 264.7细胞于96孔板，处理细
	1.2.5  免疫酶联吸附试验检测细胞因子分泌量
	采用免疫酶联吸附试验（enzyme-linked immunosorbent assay，ELISA
	1.2.6  实时荧光定量PCR检测细胞因子基因表达量
	采用实时荧光定量PCR（Real-time fluorescence quantitative PC
	1.2.7  免疫蛋白印迹检测蛋白表达量
	采用免疫蛋白印迹（Western blotting，WB）检测蛋白表达量，将RAW 264.7细胞接
	1.3  数据统计分析


	2  结果
	2.1  菊粉对巨噬细胞RAW 264.7增殖活性、吞噬活性的影响
	2.2  菊粉对巨噬细胞RAW 264.7中细胞因子IL-1β、IL-6、TNF-α分泌量的影响
	2.3  菊粉对巨噬细胞RAW 264.7中细胞因子IL-1β、IL-6、TNF-α基因表达量的影响
	2.4  菊粉对巨噬细胞RAW 264.7中NO分泌量及iNOS、COX2蛋白表达的影响
	2.5  菊粉对巨噬细胞RAW 264.7 MAPK信号通路中关键蛋白表达的影响

	3  讨论与结论
	参考文献

