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Abstract

In this study, polysaccharides were extracted from Tricholoma mongolicum using five extraction
meyhods, including hot-water extraction (H), ultrasonic extraction (U), acid solvent extraction (Ac),
alkali solvent extraction (Al), and dual-enzyme-assisted extraction (E). The effects of extraction
methods on the anti-inflammatory activity of T. mongolicum polysaccharides were systematically
investigated. A lipopolysaccharide (LPS)-induced RAW264.7 macrophage inflammation model was
established. The anti-inflammatory potential of the five polysaccharide samples was evaluated by
determining nitric oxide (NO) production in cell supernatant, the concentrations of inflammatory
cytokines, and the relative mRNA expression levels of inflammatory-related genes. The results
demonstrated that all five polysaccharide samples markedly decreased NO accumulation in inflam-
matory cells; specifically, polysaccharides obtained via dual-enzyme-assisted extraction and hot
water extraction exhibited superior NO inhibitory capacity compared with the other three groups.
Additionally, the five polysaccharides significantly downregulated the secretion of pro-inflamma-
tory cytokines (TNF-q, IL-1, and IL-6) and upregulated the anti-inflammatory cytokine IL-10 in
LPS-stimulated RAW264.7 cells. Notably, polysaccharides extracted by hot water extraction exerted
the most prominent regulatory effect on inflammatory cytokines. Consistent with the protein-level
results, the mRNA transcription levels of Tnf-a, I1-13, and I1-6 were significantly downregulated,
while 11-10 mRNA expression was upregulated after polysaccharide intervention. The regulatory
potency of the five extraction methods on inflammatory cytokine mRNA expression followed the
sequence: H>E > U > Al > Ac. Collectively, these findings verified that T. mongolicum polysaccharides
effectively ameliorated LPS-induced inflammatory responses in RAW264.7 cells, and hot water ex-
traction was identified as the optimal method to obtain polysaccharides with outstanding anti-in-
flammatory activity.
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i TAES SW-CI-1FD, M ZRTSFEARARAR; LK NZIKE S SQ510C, H KL IHFHY
HIRAR; HAEBIEUENL SB-5200DT, TUH ZAEMBE RN ARAF: WEIRG 2 MX-F, £
SCILOGEX A #]; pH it PHS-3C, A HRBIAACE AT G R A A .

2.2. BB
2.2.1. FEOEZERNZEN

it DT E A B

L
[ )
BRIREL TIRE WEFHREL HEFEHRE FIKHRER
Flgtb: 10 mL/g $higtt: 10 mL/g #li&tb: 10 mL/g $hi&tL: 10 mL/g #higtb: 10 mL/g
REVEE: 85°C REUEEE: 85°C REUERE: 85°C REUESE: 85°C REUEEE: 85°C
RERESIE: 3 h RERESE: 3h RERAES{E: 3h RERESIE: 3 h REESE: 3h

{

J

Y

BOREER — AERE — LCEIER — BORE — HABARTR

|

|
l

l

l

l

l

‘ TMIPs-Ac ‘

TMIPs-Al

TMIPs-E

TMIPs-U

|

TMIPs-H

Figure 1. The extraction steps of polysaccharides from Tricholoma mongolicum
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5 it 1S R TIUAL 1 % 22 W ) 1) 2% 2528 S50 S A S 72 (3] SR FH BRI 77192 HX (A cid solvent extraction).
A 77 $E B (Alkali solvent extraction) XX 4 B #2 B (Enzyme-assisted extraction) 8 7 fi B $& B (Ultrasonic-
assisted extraction) F1# /K $2 B (Hot water extraction) 45 58 7 I B% Z M 43 iy 4 N: TMIPs-Ac. TMIPs-Al.
TMIPs-E. TMIPs-U 1 TMIPs-H. HAMHEECT Z 4B ILE 1.

2.2.2. RAW264.7 HPEEE S

HEH 10%I64F MG 1% %R - 555 2 1) DMEM Sk IR 555 5% RAW264.7 4.

B TR AKBBTAE 37C, KR EE MM MAR RIS, SCRIETHA, HHEAMT 23 E
20 SE A Ak . A B KT I S e R BB TR, R E T 37°CL 5% COx 5 7R f s 77 . fr
RPN RE f5, B3R IR, 2 Ja B R

223. FEIEMIZHREOESTEI RAW264.7 ZHHE7E 1 RONE

TR 1 < 10° 4 /mL, HEBHIMAZE 96 fLARH, BT 37C. 5% CO ¥ FHMTHEFHF 4h )5
TRE. SZI& 9 A2 X IR 4L, iR £ BH(Lipopolysaccharide, LPS)ZH A1 TMIPs 21, e (5% HE 410 100 uL
YHAEEEFREL, LPS 240 100 pL b 40 B s 7= B il (09 B2 N 10 pg/mL ) LPS ¥, 56 8% 2 hl 4 79 il
TN 100 pL F1 408 F7 BB A VR FE (504 1004 200+ 400, 800 pg/mL)KIA[FIFEE T 2052 i 1 BE
LR FTARERIBTL 0.22 um KAHPERR, 43 ANEE, B TRAERMTEFR 240 )5, &UNA 10
pL CCK-8 WK, 4kZER:9% 4 h f5 T 450 nm ALWE FEALEIWOERE o IR THE4H S 77

oo, ARTRALERE
4 H 3 71% = TS

2.2.4. ARRMIZHEREOESHEN RAW264.7 4B NO S EHMNE

T RAW264.7 41 LL 1 x 10°AN/mL (%55 T 6 LA MR, Frgffulise 5428 1.2.2 ke o
7 AT, RIGE 6 HAL, TR R AR IR B AR R IR R B 9 24 h, T URCEEAN R
FIEW, KA REE IR BIEWE SO uL/ALI 96 FLERARA T, % Griess W & UL HHRAE, TALHEMA
Griss Reagent I #1 Griss Reagent I % 50 uL, #URYESLIG TR, WHEEREM Griss il5f) I 5 Griss k77 1 78
SHREG, FIRAWIZ 100 uL I &G 40H FIE I BEARAR T, 540 nm N UL BEAE

2.2.5. BREXS RPN SEI (ELISA)ME S E B+ R B

VA% RAW264.7 203 LA 1 > 10° N/ml I3 FE T 6 FLABR P aiibR, Ao 4t Ml B 5 34 i 2.4.2 o 1)ilie 4y 7
HBATREE, WRIGWE 6 F AL, LA R AF 540 M3k TR B B AR R R AE G 9% 24 h, TSR E
T, 4% ELISA 56 i vl WA I 48 i _E 35 TNF-a. IL-1B. IL-6 F1 IL-10 f7KF-

2.2.6. SERPFENERE PCRNE

100 (D

Table 1. Primer sequence

= 1. 5145
Mok i BRELFP31(5°—37)
IL-1B F AGCTTCAAATCTCGCAGCAG
R TCTCCACAGCCACAATGAGT
TNF-a F ACTGGAGCCTCGAATGTCAA
R TGGAAAGGCCTGAAGGTAGG
IL-6 F GCTTCTTGGGACTGATGCTG
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R AGACAGGTCTGTTGGGAGTG
IL-10 F GCATGGCCCAGAAATCAAGG

R ACACCTTGGTCTTGGAGCTTATTA
B-actin F CCAGCCTTCCTTCTTGGGTA

R CAATGCCTGGGTACATGGTG

RAW264.7 4 fffd &2 RNA {152 HL K cDNA ¥4 % {8 TRIzol k7] N RAW264.7 4fi i 42 HLE RNA
B BT B RNA 3T e M E . i —2 3 ¢DNA BERA cDNA & il A &4 RNA
AT sk, FIEBEAIEMFIER 514, H PerfectStart Green qPCR SuperMix 7 &4 18 H A5 &K A B,
{81 StepOnePlus S0 5¢ % 7€ & PCR RGN ALEL R AT € & . K 2722CT V5015 mRNA A & &, B-
acin fE NN Z, THEARLG S50 BRA A R BRI RIA AR AE .

1. AR5 R BRI 51 2 2 BT 12], SIF AR 1 R .

2.3. HIEAE

Sz 48 BLIA SR Btk SPSS Statistics 25.0 fEEL K Z ANOVA #4, &-41A]% H Duncan %I4T ELEHS
56, SERUMIME £ WEIREERR, p<0.05 KREREE, p <001 £REFWEZE, [ Origin 2021
HITLE.
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3.1. FRIBRNIZHERE OEZFEST RAW264.7 7R RIR NG

LPS 7 AifE EWEARH . W IOIRAN AT B 40 M Mol b 32 R B R 45 6, IR M R G 05 I R FE 3 A
PR CIORE R 1, ISR SRR IRE[13]. N THFFT 5 Aol IS 2 Mt RAW264.7 2136581
. SR CCK-8 LVl A [F) MR FE 11 5 vty 11 7 22 0 ok 448 it 2 1) 52 1 2 85 PR B 2
RAW264.7 U HETE IR . 525 X RZHAR L, LPS 4H35mT DUE E e RAW264.7 41 TE(p <
0.01). BE# TMIPs-Ac. TMIPs-Al. TMIPs-E 1 TMIPs-U ¥ 5 (I3, RAW264.7 £ o ()48 FE 3% 14 52 90
H RN G B AR 3, 2MIKFELE 50~100 ug/mL B, RAW264.7 2 0 (8 FE 35 14 5 22 Bl 7 52 IR AH %,
I HAE 100 pg/mL B IA B BOAE, 11024 2 MR 7E 200-800 pg/mL i, RAW264.7 20 i & -, 5
HEE =T 100%; X+ TMIPs-H Kk, 7E 50~800 ug/mL IR EEVE Iy, FLHmT DU E RAW264.7 4
PP A G 1 o IR s R, 7E 50~800 pg/mL WRETEHE N, 5 A2 X RAW264.7 41 A fETEREMEAE
o ML, XA IR FE X ] WAL 2 2 T0 T, RS U RAW264.7 40 39 58 o
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Figure 2. Effect of polysaccharide fractions by TMIPs on the proliferative activity of RAW264.7 cells
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Figure 3. Effect of polysaccharide fractions by TMIPs on the NO production of
RAW264.7 cells
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33. FRRNIZHNEE OEZFES RAW264.7 A 2 5EFH FRE RSN

A5 ORI P A e R A B R 5 PR S R TR S (1510 SORER 3, TL-1B AT BLJE Rt 2 M e 2 A0 i) 7
W, M TNF-ou DI 58 5 W 0 RO, (i kLAt A 4 DR 7 R R TBC. te4h, TL-6 38 W0 S I
ISR B4 S N B SR, Hoad 8 AR S B MR 2 BRI I DR 7 (07 A, DT 51K SRE OB 16]
FEXT S, IL-10 fEA—Fp E BT R UM R, 32 BEAE )% R4 P R 3 58 hE S BE AR A, 55 TL-6.
IL-1B A1 TNF-o AN [A], IL-10 3= 24 530 15 Ak e e N2, LART ks BE 98 i 0 i i 4 2 (171

mE 4 g5 R]BoR, SXTIAAMLE, LPS 4% 5 B2 B2 TNF-o (K FRET G, H 5 fh2h
TR AU E K B ELT LPS 4(p < 0.01). IL-1p MRS R B, SxHEAMEL, LPS A
TMIPs T FZH R 0 B3 T, T TMIPs A /K-F 1 B (KT LPS 4 (p<0.01). %fT IL-6, £5 R IR
LPS 4LFEHK & TMIPs T P41 /K22 THE(p <0.01), Tfi7E TMIPs #JE A 100 ng/mL B, 5% B4 AH
b, HAKFRERK@<0.01). &G, IL-10 FZERRE, 5 P2 R TR IL-10 /K83 & TX A,
5 LPS HAHEL, 5 MRS IL-10 /KPR ETHE(p <0.01). Fik, £ RAW264.7 Elg4iffid, 55
5 1 1R 2 a8 0 SO A G IR, R LM R S8R R BL A IRAEAE T . 5 PSR B 2 MY Be A
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Figure 4. Effects of TMIPs on the level of TNF-a, IL-1p, IL-6, and IL-10 in RAW264.7 cells. A: Level of
TNF-a; B: Level of IL-1B; C: Level of IL-6; D: Level of IL-10. * p < 0.05 and ** p <0.01 compared with the
normal group
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3.4. FEERTZMSRE OESER RAW264.7 4 K AEHE X EERIERMFI

NERTT 5 Fh52 I EELZ X LPS 55 1) RAW264.7 408 4O E A A R TR 1 A, S RT-gPCR %
AREMANH TNF-o. IL-6. IL-1B F1 IL-10 /) mRNA Fik. W& 5 fis, SHHEZUAHEL, LPS HIEUS,
RAW264.7 40ffiH IL-1B. TNF-o 1 IL-6 [] mRNA FRiE E#IEE TR < 0.01), BLIIEET; 5 LPS
HAAHLE, 5 FhZESAL) TIL-1B. TNF-a M1 IL-6 ) mRNA ik & H# 5 E FK(p <0.01), 45HRIEFRH, 557
Z AT AFHIE TNF-a mRNA B, 404 IL-1p mRNA FI& AL, /0 IL-6 mRNA K EE W, 2
#E IL-10 mRNA 78 BRI ik, MM/ LPS BB SO SB[ 18], Bl 5 Fhad sk D BE Al AR
T RAW264.7 20 285E R T IR el , B REFPTRBUR . BHFARM, SRpEdL pn] DL 3 s 2 4k
BT RIEVE[19]. 5 FhEWES A H ERbE. 0. LIUMERERR . Falhofoobl . Mzl pEAn e ZUss, Hor, HERpE
AN 2L BE R Al E A B RN, I A RAT NI B[ 19]. Hdr, TMIPs-H 4T 2 AF H LA 4
FhZHEE %, PIRER TMIPs-H i BE /R LU ) H B8 B A7/ 53 5o 2 B BT A ik
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Figure 5. mRNA levels of TNF-o, IL-1pB, IL-6 and IL-10 in RAW264.7 cells by RT-PCR. (A) The TNF-a relative
mRNA expression level; (B) The IL-1p relative mRNA expression level; (C) The IL-6 relative mRNA expression
5. TMIPs %t LPS FI##) RAW264.7 A TNF-a., IL-1B. IL-6 #1 IL-10 m RNA HEXFRESHIF
Mido (A) TNF-o mRNA #H33#RIE=; (B) IL-1B m RNA #Hx{RILAE; (C) IL-6 mRNA HMFFRIEE; (D)
IL-10 mRNA #HX{FRiAE

4. &5ig

£ LPS RIFAHI RAW 264.7 4, TRl DB 2 RERILE B & MR, REWA ROR 4N
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R AER TR . BRI 5, XS0 5 FRK T TNF-o. IL-18 A1 IL-6 Z52 & 4R 719K, IF H &
FWE T IL-10 X PR R THIK T Ak, WFuR R, X5l 152 P Rs s A XEmi No =4,
BB IR T RARE RN . FE4r TR b, RS LB 2 B B 25 K T RAW 264.7 4l g TNF-a. IL-
1B A1 IL-6 (] mRNA ik, TMiEB{ERE T IL-10 /) mRNA F£iE. 25 FHES2IX £ R RERS 85 2 5 K]
TR AR, IR 888 30 28 R 7 (0% Sk ST R S bt 28 7 I R08 , T AE S8 e i v R 4
AR EA . BbAh, TMIPs-H REBLH T 50 b i o2 R 5 VR F R A% B n S5t 32 s 412 28 B8 1)
Rk, FEAENT SORE RN T T R R E R, RIS RITET RS, FEERET TMIPs-H #
PR B FE O H BRI . 25 KE, AMS DB AR T EENPiRENE, T
& TMIPs-H, X AR WIETE M RARPLR 25 it 7 Bk HE . AR SR IR 70 0] LAJE— B4R 11X 28 2 i 11
FAREFMLE],  FEFA B IG RT3 7 R AT 5.

RIRZHERIE FAE N BAERE N SRR T 2 —,  H TR SO IAFAE IR 2 R PR . 526 v i
RS DB 20, A, MERNAsSHER, B8 ZMARPNEEST. Hit, 52050
BT X5 U 2R AT — D 1 B A alidl,  DUREUCE 4l fE M 2 MR . B TR T A R 4l
Wy DI, IR FUHAE ARSI A A i R o BT I HOARFALE o 22 WEE R AR i 1) S PR R
AT Re T I F B 2 et B S sss, ] LUA ROAil 2 0 X 1 1l A= P 2EL 1l PR s i) B G
HAMARbRZ IMOC R JEEH i n] LA sh ) seae, WS 5 PhSe il 1 22 Wl 45 24 Ja X sl ) 1k oA i T 1
BRI REM, BAEXTAT o o AT 55 AR R B T AT L. eAh, AT DOl 2R s A K AR
T 28 B FEME o
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