< 2% eS8 (Scopus) <LK BRI
\ « BUIPHOEE I Fl 5% DOAJ o oL BT
2 i * % CHE2F3CH) CA * LB D BITICSTPCD

o Bell (RRAFHE SCHY) FSTA o B DA BITIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY o HAF A ARG LG Bt IS T o W ER B DI TIA
o ST i (WICD) 7% o [ 2: P2 Sino Med
o fr SRbE S TR R I B RO % H s — iR T
¥ HT]  ISSN 1002-0306  CN 11-1759/TS & ARS: 2—399

RE 2R RERRET= Y HepG240 M B8 5 FHEBU M BB A B AL

A, FELH, B 2, AW, UAK

Improvement and Mechanism of Ganoderma lucidum Polysaccharides and Its Flora Metabolites on Insulin Resistance in
HepG2 Cells

LIU Shifeng, DONG Wenjing, YANG Lan, ZHOU Jiali, and LIU Dongbo

TELR B2 View online: https://doi.org/10.13386/j.issn1002-0306.2023020035

AT ARG HoA S E

Articles you may be interested in

5B R R AKT-FOXO L 2435 8 5 31K Hep G2 A MM Ll FH AL

The Mechanism of Isorhamnetin Regulating AKT-FOXO1 Pathways on Improve the Insulin Resistance Model of HepG2 Cells
B T REHE. 2020, 41(23): 320-324  https://doi.org/10.13386/).issn1002-0306.2020020179

7C MR PR R X IR 5 2 AT A M A 2 Py Bl e 1

Improving Effect of Chitotriose Guanidine Hydrochloride on Insulin Resistance Cell Model

B TAkRHE. 2021, 42(19): 350-356  https:/doi.org/10.13386/j.issn1002-0306.2020100020

NS IC 2 2 WIS 2T PR K B A e U
Hypoglycemic Effect of Inulin Combined with Ganoderma lucidum Polysaccharides on Type 2 Diabetes Mellitus Rats
B TkEHE. 2019, 40(20): 310-315,324  https://doi.org/10.13386/.issn1002-0306.2019.20.050

S0 TH Y B AL O R Hep G2 i [ & FRARD UL RLRE A L O BIL
The mechanism of purple potato anthocyanins improve the insulin resistance model of HepG2 cells”

i Tk RHE . 2018, 39(5): 319-324  hitps://doi.org/
591 17 IR it e ) ZE B U USRS

Effect of Pea Oligopeptides on Relieving Insulin Resistance
B T RHE. 2019, 40(12): 145-148  https://doi.org/10.13386/j.issn11002-0306.2019.12.024

EFHXTT2DM K BRI E Y . 8. RS 2R A 52
Effects of Yam Gruel on Gut Microflora, Blood Glucose and Insulin in T2DM Rats
B RS 2021, 42(14): 341-347  https://doi.org/10.13386/j.issn11002-0306.2020090192



http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023020035
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020020179
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020100020
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.20.050
http://www.spgykj.com//article/doi/
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.12.024
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020090192

5 44 % 5 23 ) i Tl B Vol. 44 No. 23
2023 4F 12 H Science and Technology of Food Industry Dec. 2023

XIS, JESCHE, 22, 5. K220 LR Y5t HepG2 40w 5 EHEHT A RGEVE F KL (7], & 5 Tolk Bk, 2023,
44(23):314-321. doi: 10.13386/}.issn1002-0306.2023020035

LIU Shifeng, DONG Wenjing, YANG Lan, et al. Improvement and Mechanism of Ganoderma lucidum Polysaccharides and Its Flora
Metabolites on Insulin Resistance in HepG2 Cells[J]. Science and Technology of Food Industry, 2023, 44(23): 314-321. (in Chinese
with English abstract). doi: 10.13386/].issn1002-0306.2023020035

SR

Z2HE R HepG2 4Rk
E S RN G (NN

XtE", EXEE L, 4 =0 BEm ', MERIK
(s RERFEEFR, Ky 410128;
AR ¥ E%%fﬁ%ﬂﬁ%&zﬂﬁ%ﬂa%%i,#Jaéﬁmy 410128;
3INALEFE, Wl & A 637000)

I'

H OE: B8 KT RESEA LA KRBT WA HepG2 ta ik B £ MK SR B AE AL, Zik: RS
% (107 pmol/L) Fexe E A Ax (10 umol/L) A # = HepG2 %@ itk & & 442 A! (insulin resistant HepG2, IR-
HepG2) ; 4 A CCK-8 &M ¥ %48 (Ganoderma lucidum polysaccharides, GLP) #= % ¥ % 458 B 22 K it 4

(Ganoderma Iucidum polysaccharide flora metabolite, GLP-F) #yémfa &tk ; & AH HE XN &, BRAN & X
#* GLP #= GLP-F %t IR-HepG2 4m i #) &) 4% 7 #£ R 48 5 & M 69 %/ R ; 1% A Western blot &4 7 GLP 5 GLP-F ¢
IR-HepG2 mftLfk B £ 15 5 BB b 69 %48 & & IRS-1. AKT. GSK-35. GLUT2. A% PEPCK #) &8 K %k k&89
. %% : GLP A= GLP-F ¥4k 2 ¥ ¥ /v IR-HepG2 ety # & %ﬁ%ﬂx%mﬁ/\? A& (P<0.05) , H GLP-F &}
TR-HepG2 %0 JiL # E 45 /K #8 #4F A 2 ¥ & T GLP (P<0.05) ; Western blot 52 3% £ 7=, GLP #= GLP-F 3 &% it
IR-HepG2 #m & IRS-1. P-AKT. P-GSK-38. GLUT2 & & 89 % ik, 74| PEPCK & @89 %k, H GLP-F 5 PEPCK
B AR 2% & T GLP (P<0.05) . %it: GLP 5L A Wi f #694F T Kt = 489 GLP-F £ 4 FIAF 09 4 M4
MERE S B ARG £ FAE R, B4 IR-HepG2 20 I #) 48 74 4 v & 39 4) L 48 7 4 PR % 85 & 7 @, GLP-F
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Improvement and Mechanism of Ganoderma Iucidum Polysaccharides
and Its Flora Metabolites on Insulin Resistance in HepG2 Cells
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Abstract: Objective: To investigate the effects of Ganoderma lucidum polysaccharides and its flora metabolites on the
insulin resistance status of HepG2 cells and its mechanisms. Methods: Insulin resistant HepG2 (IR-HepG2) model was
established with the combination of insulin (10~ pmol/L) and dexamethasone (10 pmol/L). The cytotoxicity of Ganoderma
lucidum polysaccharides (GLP) and Ganoderma lucidum polysaccharide flora metabolite (GLP-F) was evaluated using the

CCK-8 method. The effects of GLP and GLP-F on glucose consumption and glycogen synthesis in IR-HepG2 cells were
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evaluated using the glucose kit and glycogen kit methods. Western blot assay was used to detect the effects of GLP and
GLP-F on the phosphorylation or expression of IRS-1, AKT, GSK-3f, GLUT2, and PEPCK, key proteins in the insulin
signaling cascade in IR-HepG2 cells. Results: Both GLP and GLP-F significantly increased glucose uptake and glycogen

synthesis in IR-HepG2 cells (P<0.05). GLP-F promoted glucose consumption in IR-HepG2 cells significantly more than
GLP (P<0.05). Western blot experiments showed that both GLP and GLP-F promoted IR-HepG2 cells IRS-1, P-AKT, P-
GSK-38, GLUT2 protein expression and inhibited PEPCK protein expression, and the inhibitory utility of GLP-F on
PEPCK was significantly higher than that of GLP (P<0.05). Conclusions: GLP and its metabolism by intestinal flora-
mediated production of GLP-F have the same biological effect of alleviating hepatic insulin resistance, and GLP-F has a

more significant effect than GLP in promoting glucose consumption in IR-HepG2 cells and inhibiting their gluconeogenic

rate-limiting enzyme activity.

Key words: T2DM; insulin resistance; Ganoderma lucidum polysaccharides; Ganoderma lucidum polysaccharide flora

metabolite; insulin signaling cascade

B IR S —Fh LI NRA QU ZE AL bn i g oy
Sy, LRI 32 18 MO IR AR R R ek Gzl
2 RUPHPRIp EMH PRI 53 2 i R e . AR AU
Z— 50, DR R AR SET 90% DA P,
FEEE v IR PRS00 R 224pAE, R AR = s 25
SRR B IR, B AERNAR, ISR
SEMR T BE . FLIRTERR h8EsF 2 I &R, H 2 Uik
B, 2 BOEPR I B v, ZH 2R i A R I K
PR K AR = o i) 22255 8, 85% 19 2 BIMH AR
o A8 A AE B I Y JBR 5 AL, R R AP A
2 FUBERY & A R R At FRP

JFREAE R B AEA I a8 Hh A, 76 2 ABUBE PRI i &
Ak PR S| B CEZIVERHS,. IEEAEBMRET,
JAFHIEAZ 198 1% 22 e i R A 75 IR A AL e pEA G R A,
AR 21 A BRSO A0 . DS PR I & i, 4EdF
IMUOBEFRARTY 1 4 o) J0e 5 345 5 fUst: T %,
JFFRIE 2 A 1R 052 ZRAIRTTRT, U P IR 52 2R A5 B SZ 4],
B 10 B (protein kinase B, AKT/PKB )/ S 40%4 5%
KM S48 O1 (forkhead box protein O1, FoxO1)
R AIIE NSRS, [HHO T FoxO1 BOBiESEFR
AT T A P s 1B TS 1] P82 2 U 9% ( phosphoenolpyruvate
carboxy kinase, PEPCK) 7K~ _I- P&, Hi 53 A= 4F FH ok
B , 1 e W o D 5 20T I 24 o A G R
e U 55, AR 20 Mol 5 28 8 B P . WIS sz
BE.. BEABACIZEAEL . BUA A9 AR & 2 HRP T (A
T 2458 33 Ao e S 4 A Y e e pE A s | Bl
A RO P fi 55 1 SRR T T EAE R A, o4& 4N -7
7 M 13 [A] % iz 25 9 ( sodium-glucose cotransporter,
SGLT) W5 . #¥IF iR fL g (glycogen phosphory-
lase, GP) I35 | FijZeiHE I (glucokinase, GK) %
FL RS A ) ST O

RE (Ganoderma lucidum Karst) 2T [ELE S 1Y
B2, A ORI bk Ak,
T PE I HAE M, R Z W (Ganoderma luci-
dum polysaccharides, GLP )J& R Z (¥ SR 25 UR 5322
—, IR AR I R RS R T
TP R R B AR | PR AR IR TR
IR B AHREL A TUO 45 223 A S PR ) R ANPL,

M AERRF IMEFRAE - IRSMERIE LS R IR, K55
FARKALG PIMELATE AAATH AL RS 52 SE g BRI T
AR A AT W i S el B 7, R 2 B A
L5 Y R I R . S E AR Y
A fle— RPN, R . TNER AN T 1R
S0 % ) W B2 (short-chain fatty acid, SCFAs)™; 1ij
MR . PIERANT PR WU AT LLAaE 3 PR pE A e A Qi e pIl
AR BRTIREN 2, A LIRS, 205 BRI
FEYE I T A A TS Lin 5504 5T
RIR, NVRRF 22 Wi 28 I TE A e A G~ et
im it N YE GLUT2. SGLT. ik Uk Wy il {414 51 1) 934
1% 524 y(peroxisome proliferators-activated receptor
y, PPARy) Fl1 1 5 7 4% &5 & 11 ( CCAAT-enhancer-
binding proteins, C/EBP) ) mRNA & & [ =ik 7K
S, BEEN AR AISKOE . R 2 ZhhsgiEis:
P E AR AR AR B AT AN T, ARG
FH HepG2 4 A4 & IFIEIE &5 ZR AL RY, I8 %
SRS PP AA A I 1T S 1) 2 22 22 X I £
FHSTIVE, RECTRA M W LB LT AR
IR 2 RS 2 BIONH PRI e 5 ZZ AT He
SR ERL AR
1 BRSR
1.1 MREEE
HepG2 NP4l Hivimgfal R E R ik
Y E PRI T- TS ge = $244L; WaRZ2 5530k
ARERISUWPINE A7/ S iz s /NI RE iR N
Fel L 2F BE XN AR I B M e IR 2 E % G. lucidum
Xiangchizhi No.1 73044 ; KMy | WBRAR . WA
PREA . 3, 5 AEEEKIA IR . ToOKBREREN . EEALEN .
TooK 2B, B VKO . &R . LR TS . B
g, thie  ELEE R LT AT BRA T 4
BELRESRR . MG A EN S AEYRIECARA
Al PR ER . HLEERAS
Industries, BI; DMEM ¥53#5&. 0.25% Trypsin-EDTA |
Pen Strep Gibco; DMSO . #HJFE-5 ik &  Solar-
bio; CCK-8 il & . & L iE G-250. BCA &#HH
I e 1R . A ARAREAR 1 . AH R AR R
& (Beyotime) | i A A AL BEE M E 150 & M

Invitrogen; FBS Bioligical
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AR TRRFFEIT; GAPDH(CST) . Recombinant
mAbto IRS1 antibody(abcam, GR98847-22), AKT Ra-
bbit Polyclonal antibody( Proteintech, 10176-2-AP) .
Phospho-Akt( Ser473) Mouse Monoclonal antibody
(Proteintech, 66444-1-1g) . GSK3/ Rabbit Polyclonal
antibody (Proteintech, 22104-1-AP) . Phospho-GSK34
( Ser389) Rabbit, Polyclonal antibody( Proteintech,
14850-1-AP) . PEPCK (Proteintech) . GLUT2 Mono-
clonal antibody(Proteintech, 66889-1-1g) . HRP Hric
LI 2EH0% 16G(H+L) (Beyotime, A0208) . HRP ARit!
I 2EPL/N B 1gG(H+L) (Beyotime, A0192) . Immo-
bilon Western HRP iKY BRFiEWRHA BRAF]
SHZ-D( D fEFR/K FHA5 5 | LC-RE-52A Jieh% 7%
Kaw PRI IR A GRS ST-16R &
URES.CMIL. A2 83 T AEF | IBright FL1500 2 {A,2¢
SeAL 245  Thermo Fisher Scientific; ME5S4E/02
LT R XS205 Ll BIS3H7 K Mettler-Toledo
23 A5 3503-2 T I IR A S5 [E Shel-lab; AE2000
Jer W ABE  Motic 2\ Fl; Spark ZZTIEEREARIYL i
-+ TECAN; LDZX-75KBS 730K T 28 7K T i
IR LYY RSMR) 5 S210 pH 31 Mettler Toledo;
BV-3 fEHFEE KL LR REERHEARAF,
1.2 SERFE
1.2.1 REZHEHEERLift  GLP $2HZ 3CHk [18],
Ll 2 kg WIRZZ5 IR ERL DL 1:10 R L
100 °C ZEME/KIZHE 1 h, BEE 3 IRIFH a5k, 1B
G I, 55 C WUERAT N IFEAN Ty 2 —; INA L
PR LURIEN 75%, 4 C 1%, Bl 7500 r/min
B0 20 min ZRAGZZHHVIHEY); TS ULTERI /b 2%
TR, SR Sevage 1R ER F; i 85 A 2 HEA IR
BT ENTAE (3500 Da) HigE Tl A LA K B/ N+
J5T; PG ARAS I IR 55 °C UEHRZE IR TRk
19 RZ 0L . ATHIRIST R, 1R 2 20 3
Sy FHEA 133.1 kDa, 22 A A58 . L FLbE . HEE
Wl FEME L AW | AW e RN AR T TR 4 A, JEE R
M 58.97:17.54:8.63:2.79:2.02:1.13:6.771"%1,
1.2.2 RZZHHRIMEIIZS i RZZHmiE
B HE AR ( Ganoderma lucidum polysaccharide
flora metabolite, GLP-F) FH T2 HUR 2 Zpi2sid (A5
RIS W DR AU R 3K A5 BARIGS B S5 Liu 48P 1Y
JTEHEAT, 4B 3 44 3 H A R PiER
PR R AR PR T S8 12.5 ¢ - 250 mL PBS 14
W ELDE TS o B R SRV W RO R g 4 B
WEFRIL S LL 5 g:250 mL:250 mL B EL TR 2],
TE Forma R R G A TR S MELILL %, 48 h 157 1k
FEfer, TSR AEARE S, DL 0.22 um FFLIENREE g, i
W80 C VHIAT, T JRZtLHE .
1.2.3 RZ Wi MBHE ) F 2B RIEN e &
TP RIEGFE S OB =ik M8 o &
ME o VB 2R TR - R R TR $E T, LA

ZEPFE TR E (mg/mL) A ALAR, TG EE(E A L
ARFR, T 490 nm AbIRE W S'GAE , 2l ABE AR v ith

2, A2 RN y=5.1417x+0.0036, R>=0.9977, —.
T FETK A R AP IR 3 S 5 e, AT 2870 o de vk

JE (mg/mL) AR, WOGEEE A SRR, T 540 nm
AR5 e SCAE, 2l AR £, 75 A TR

y=6.7698x—00143, R*>=0.9962 ., 7 it - A8 F1R- 155 44

PRy 7 I e =i A i, DARE SRR & (mg) SR ARAR,

W FCREAE A RYNARER, T 542 nm AL EWOGIE, 4
Hl AR ERbRE IR, £3 BT RN y=3.5463%x—0.015,
R*=0.9945, ZZ sz gyt e & A i &, LA

I3 2R MR BE (mg/mL) Rk ARAR, W GREE A N

YAAPR, T 595 nm AN E W SGIE, 2 dIbRiE LR, 15
[T 5 RE N y=2.7847x+0.0038, R*=0.9991

1.2.4 GLP 1 GLP-F % HepG2 4t Jifg 75 14 5 4 5t (19
FEMPIARE B HepG2 4HELL 1.5%10* 4~/mL R4
FhT 96 FLARH, BEFL 100 pl. RRAUMENEEE SR8
V5 R 5 FH TG LT 59 DMEM 155 88 8% 3% 2801 ik 4k 21

12 h, YUk 58 15 BEPL 53-8 X B 2H (Control, CON) |

#5750 26 (Model, M) . GLP 2H 1 GLP-F 4H; % CON
ZH B 37 5L i DMEM 5842353758, M 20 & GLP Fil
GLP-F 41553235 #7545 Ins+Dex (Insulin+Dexame-
thasone) (10 °+10) umol/L (1) DMEM FE 435353, 4k
ZE % I 24 b5 35 S HepG2 41 MY Al & IR-HepG2
UML), W ER -3, 100 uL PBS 22 rhys RIS U 2 K.

CON ZH A1 M 4143 B A 100 u DMEM 5g€ 4= 55 3%
FLARLERESE 24 h, GLP 1 GLP-F ZH43 %A 100 uL
£ 250, 500, 750, 1000 pg/mL GLP #l GLP-F. D&%
50. 100, 200, 400 pg/mL GLP F1 GLP-F ) DMEM
SEFEFRELT 7 24 ho 24 h /5, WHANR ISR, &%
LA 100 pL 10% CCK-8 KMk, 37 °C. 5% CO, ¥4
FEFAIRELEEFE 2 h &, BEPRY 490 nm AL SYAH,
TR A A AT IR, FHEEAN R i R 2 2

FLTAFEA QU X 21 R R 5 G A5 e o

1.2.5 GLP 1 GLP-F %I HepG2 4 Jifo 75 25 W M 76 &
FERIE ks 1.2.4 4548 GLP #1 GLP-F 7 IR-
HepG2 2 Mg AVE A BEJE ], 18 i Bk BE AR e A

JESEI I . CON ZH A1 M 4143511 100 u. DMEM
SEARE IR IR L RETE 24 h, GLP Fl GLP-F ZH435%Hn
A 100 puL & 0. 50, 100, 200, 400 pg/mL GLP Fl
GLP-F 1) DMEM 58435325 T-1 24 h, AKHE 520K
B3 2B 048, PRI N A A LB A5 e

20 BRERAE, 37 °C BEFRFE XN 10 min J5, BEHRIYL
505 nm AR SGIE, TR AR,

1.2.6 GLP #ll GLP-F %} HepG2 40 g b 5 & 2 152
M E PEIE I A 1.5%10° 4~ /mL, R

6 fLi ™, FFL 2 mL, ST AP R iy g T
TR 1.2.4, T 24 h J5, BEIHR; %
3, PBS EEWUE 2~3 IR, BFLINALE = JFERFET 7T
1, R AR R, W2 FSIREE, N A 1 mL PBS ZZof
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W, BB 2 1.5 mL 204, LA 1000 1/
min, Z.0> 15 min, 3+ _EVEW, LA 300 uL PBS Z& 1
W, IRSIFFBATAIIE . A 0.75 mL BHIFHREURK, vk
IR B REEE (300 W, 3~5 s/¥R, AR 10 s, T
5230 W), (LR FE A3 A, BSURE P i R J 11 448 it Ak
WFERE BCA B8R A8 iR & U B 5 e B 8 M
o AR SR FBE i) i 4k 75 S A IR I
S
1.2.7 Western blot #5& P 538 EN ARG 1 5 25 =18
R HERDE ARG R an e i b st = 6 fL
AR, BRI E PR B A S5 25 T W kA 1.2.4,
TS G, FFFLIIA 100 pL 2% SDS 2R, #k
DT s} 4 i 20 B B 2EL A i s 2 1A 5 BG4 ol R
BCA F5 1 B I i 1) 60 i o 2 P B, e S 1
SRPEENE ARG HRFERST A 5x FAEZE MR 95 °C
4B 10 min {8 ARV, 45 Sy 85 P S 2e ED SR AS )
S . BL GAPDH SN2, Kl IRS-1., P-AKT/
AKT. P-GS3KpB/GS3KpA. PEPCK . GLUT2 M &
RPN R AR S iETT SDS-PAGE B H
VK, JE55 2 PVDF ., 5% IR U =336 2 h, i
A—P, 4 CIWFFIIER . FFRERE, WHPE/E X RIA
HRP Fric iy L =2Edese/di /DR P, ZilWMEE 1 h.
0 ECL TS AR T R GRS G 5 . Image
J AR TR 55 B T BT o
1.3 #HIELIE

T BRI TR Ry BB BB AR TR 22
(SEM) . RHHBHEZE T 27T (ANOVA) LG TT
RN, U E Az B 255 . P<0.05 Bk
N WETE2ES
2 HERESH
2.1 REZFENBER GLP M GLP-F YIRENER

2 kg RZ TIHARGRILLE TR S, kTS
17.138 g R L, 152K 0.8569%; GLP 1 GLP-F
YL Sy 2E S N 1 iR, B2 ZZHERES (GLP) H A
WS N 64.84%+1.96%, A JF B & o 6.14%+
0.004%, =% & & N 0.53%=+0.02%, & 1 & & N
5.51%+0.04%. RZ 22w A sl 4
BB R R RS 15.48%20.03%(P<0.01); #8503
BRI 1.43%+0.03%(P<0.01), =5 &R 0.55%+
0.03%, FHHFECN 5.56%+0.26%

# 1 GLP Fll GLP-F JEAR4H Ui s 20#r (n=3)

Table 1 Basic component analysis of GLP and GLP-F (n=3)
BER SbE AR wWEESE  ZilEE EARSE
o (%) (%) (%) (%)
GLP 64.84+1.96 6.14+0.004 0.53+0.02 5.51+0.04
GLP-F  15.48+0.03"  1.43+0.03"  0.55£0.03 5.560.26

T MR EGLP 5 GLP-FZ Ay i & 125 57 (P<0.01) o

2.2 GLP 1 GLP-F 3t4HBEE 892200
A ST 56 A5 IR i 32+ ZE KA (Ins+Dex (1073+

10) umol/L) 75 HepG2 4 g i <7 J & Z AR br 40 ifg
#E A (IR-HepG2) , H-7E BEABLRI L W58 GLP Fl
GLP-F X RS ZEIPURBIAIEA . il 1 FioR, Ins+
Dex(107°+10) umol/L AFEM 4N 71; {HBZ%E GLP
Fl GLP-F A9 ¥ B FI 755 (500~1000 pug/mL)HepG2 4l
MuS IR, 24 GLP Al GLP-F #4358 (GLP
500,750, 1000 pg/mL; GLP-F 500, 750 1000 pg/mL)
5, 4HAEIE 775 CON 4L K M ZHAH bbb 25 T [ (P<
0.05); [, M T GLP 1 GLP-F(50~400) ug/mL
Sof 40 LI T BN, R (50~400) pg/mL B GLP 5
GLP-F ¥4 i 52 m g /1 (P>0.05) o

A 10072 & b ¢ g g ab be be od
80
S
601
E
40 -
=2
=
20 -
- CON M GLP GLP-F
ns X
(10°+10) pmol/L + + 4+ 4+ 4+ o+ o+ o+ o+
GLP (ug/mL) — — 250 500 7501000 — — ~— ~—

GLP-F (ug/mL) - - - — — = 250 500 7501000

B a a
jofa a & a 2 2 3 2 =2
g 80
60
hlan
= 401
g
20 -
oD CON M GLP GLP-F
ns cX
(10°+10) pmol/L A
GLP (ug/mL) - — 50 100 200 400 — - - -

GLP-F (ug/mL) - - — — — — 50 100 200 400
& 1 GLP 1 GLP-F % HepG2 4% 77 050 (n=3)
Fig.1 The effect of GLP and GLP-F on the viability of HepG2
cells (n=3)
T: A: GLP Fl GLP-F 250~1000 pg/mL X} HepG2 #H i3 /119
S20i; B: GLP Hl GLP-F 50~400 pug/mL %} HepG2 4 i J1 1Y
R /NG FARER R 2R AN TR A B4 2 8] 25 57 i 3 (P<0.05),
&l 2~ 4 [7] .

2.3 GLP #1 GLP-F S EE & HFEE R
Syt AR EE (50, 100, 200, 400 ug/mL)

i) GLP Fll GLP-F - Ins+Dex(103+10) umol/L 4k
S IR-HepG2 4lififd. 4nl&l 2 Fr7s, IR-HepG2 4
AP 0 3 R (P<0.05); &2 GLP 1l GLP-F
AbFEFS, IR-HepG2 40 APFEFER B & LT+ (P<
0.05); GLP F11 GLP-F H4E7E 400 ng/mL A KK
TR RN AER(15.80+£2.15, 17.66+1.28 mmol/L), H.
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Fig.2 The effect of GLP and GLP-F on glucose consumption
of IR-HepG?2 cells (n=06)
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Fig.3 The effect of GLP and GLP-F on glycogen synthesis of
IR-HepG2 cells (n=3)
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Fig.4 Effect of GLP and GLP-F on insulin signaling cascade of IR-HepG2 cells (n=3)
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1 4(glucose transporter 4, GLUT4) i3 ik, FTHE 3
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T T2DM sh A0 v 11 AR R kA S 2 i R 10+
T RRERMST AP R LR v LAE s B e AMPK.
FRAL AR R Ak . MRS AE . P34 OB A 38 B AH
SCHEILIA, Y/ AR B AR SR i i A il it otk



- 320 - £ Tl B4

2023 4F 12 A

Sb, FHF T BRER A ATGY T R BRUAT AT K B 5 5 1 E
KRS T A AR, I e s T . kst
M, GLP-F S5 (Ao Rtk &2 s ) vl ReJ2 i GLP £
MoiB A & = 1) SCFAs -1

GLP #1 GLP-F 7] LA3# &8 -8 IRS-1 iy FRikK
ST RE AKT BB L, P-AKT 383 I8 FiiFEsk
R FE 1 GSK3p mymsiRfb.. K&K PEPCK 3Rk LI
fEHE GLUT2 3Rk, I HESE T4 fobi e 4 . 411
TS A ARV A AR B2, D F A R 5 25 HE
P&l 4) o X SLEPAKE OSSR AL Lin
SEW fIFgE 2 B, GLP fEim it s e A L H 4
AKT MBI ALK, DL ROKE S A R B Sl il A5
fiff ( glycogen synthase, GS) Fll GLUT4 1) 3 ik 7K,
M35 HFD Hl STZ 519 T2DM K B LAA 5 B 25416
PUIRAS; 5346, 7E Xiao 25U (5T v, & B GLP fE
1% J8 db/db /N BRI A8 55 A8 BR 3  ( glucose-6-
phosphatase, G6Pase) #ll PEPCK A mRNA M /K
S, I B T I E RS AR T GLUT2 B FI/K- 2
mRNA K. TAEARSCHWTSEH AL, GLP 5 GLP-F
*T IR-HepG2 4 il ol 5 A= B i PEPCK 1411 il
HORATAE BE =S, 5 GLP 4HAHHE, GLP-F ZH X}
PEPCK FIHIEUHE TR (P<0.01) o IXFFREN LTS
H GLP-F R f£A/E) SCFAs iF S 30119, GLP-F H1 &
HRZ W RS, AW, LR n] LUGEE k1
AMP/ATP 19 LU B 32380 AMPK, 11 76 JH U 28 A
T, AMPK PT80S BRAR TR 5 A= DG B 3 1l 7] 25
6-1 1% Tty ( G6Pase) F i 12 s I VA1 ) 1R ¥ 1% ity
(PEPCK) kM, ARSCHEBH T GLP DU M HAE L
S GIECE Y A S 1977 GLP-F X IR-HepG2
2H L B 5 2R KBTI B2 fd AR L TR R B0 R IR )
GLP T HEHT AR A Z5H T FE LA B A | ok 5 A=

6 LAY S R 1435 P, X AT i 5 TS 4R 19 SCFAS
ﬁ?‘éo
4 £

ARWFFEERV T I iE RS R Z ZPE(GLP)
KAELGPETEPEP B TRAERZ W . A HepG2 4 fifd )
I AP & B GLP-F RE 0% 1<k 4 ) i 2 W
iz WG I A RO S 2 28 B A S i IR I £ 2R IR
¥i; 5 GLP AHLL, GLP-F 72 #E HAG AT AE . S
Hoph SR im i HAA SR A EY) 8O o Tl AR S
R, BB TR EE T GLP S 5 = AL he
o AT BTN IIE R S R 2 RS IT
JIREJIR 5 IR AH T EBRIBARIE, Sy 2R 2 KA R L A
JEFR AL LA

SE K
[1] KUMARP S, NARESH R, SHUSHIL U, et al. Status of dia-
betes control and knowledge about diabetes in patients[J]. En-
docrinologia, Diabetes & Nutricion, 2021, 68(10): 716—727.
[2] #fa. 2 BAEAm T EHETEEEyERE (D] L. &
P E % K5, 2020. [ HAN X. Exploration of TCM treatment and
management methods for type 2 diabetes[D]. Beijing: Beijing Uni-

versity of Chinese Medicine, 2020. |

[3] WANG F, ZHENG R Z, LI L, et al. Novel subgroups and
chronic complications of diabetes in middle-aged and elderly Chi-
nese: A prospective cohort study[J]. Frontiers in Endocrinology,
2022, 12: 802114.

[4] MEDINA-CHAVEZ J H, VAZQUEZ-PARRODI M, SAN-
TOYO-GOMEZ D L, et al. Integrated care protocol: Chronic com-
plications of diabetes mellitus 2 [J]. Revista Medica del Instituto
Mexicano del Seguro Social, 2022, 60(Supl 1): S19-S33.

[5] Bz, B, Az, 5 TR 2 2Rk E 4k
FIRIBN B p T e A7 (1], R E 52,2022, 51(6): 945-
948. [ ZHOU Q, PENG B S, ZHOU S L, et al. Analysis of insulin
resistance and pancreatic S-cell function in patients with newly diag-
nosed early-onset type 2 diabetes mellitus[J]. Chongging Medicine,
2022, 51(6): 945-948. |

[6] ZHAO X, CHEN Z, ZHOU Z Y, et al. High-throughput se-
quencing of small RNAs and analysis of differentially expressed mi-
croRNAs associated with high-fat diet-induced hepatic insulin resis-
tance in mice[J]. Genes and Nutrition, 2019, 14 6.

[7] WATT M J, MIOTTO P M, DE N W, et al. The liver as an en-
docrine organ-linking NAFLD and insulin resistance [J]. Endocrine
Reviews, 2019, 40(5): 1367-1393.

[8] MALIK S A, ACHARYA ] D, MEHENDALE N K, et al.
Pterostilbene reverses palmitic acid-mediated insulin resistance in
HepG2 cells by reducing oxidative stress and triglyceride accumula-
tion[J]. Free Radical Research, 2019, 53(7): 815—827.

[9] XIAO C, WU Q P, ZHANG J M, et al. Antidiabetic activity of
Ganoderma lucidum polysaccharides F31 down-regulated hepatic
glucose regulatory enzymes in diabetic mice[J]. Ethnopharmacol,
2017, 196: 47-57.

[10] GASTALDELLI A, STEFAN N, HARING H U. Liver-tar-
geting drugs and their effect on blood glucose and hepatic lipids [J].
Diabetologia, 2021, 64(7): 1461-1479.

[11] RINES A K, SHARABI K, TAVARES C D J, et al. Target-
ing hepatic glucose metabolism in the treatment of type 2 diabe-
tes [J]. Nature Reviews Drug Discovery, 2016, 15(11): 786-804.
[12] SHARABI K, LIN H, TAVARES C D J, et al. Selective
chemical inhibition of PGC-1la gluconeogenic activity ameliorates
type 2 diabetes[J]. Cell, 2017, 169(1): 148-160.e15.

(13 ] BeE5E, REFR, AME, F. XL ERRS RIS BT
7] £ %HIAE, 2022,30(2): 114-118. [ MA C G, ZHANG
Z X, YAN M X, et al. Research status of bio-active components and
anti-tumor of Ganoderma lucidum[J]. Edible and Medicinal Mush-
rooms, 2022, 30(2): 114-118. ]

[14] ZHU K X, NIE S P, LI C, et al. A newly identified polysac-
charide from Ganoderma atrum attenuates hyperglycemia and hy-
perlipidemia[J]. International Journal of Biological Macromole-
cules, 2013, 57: 142—150.

[15] M358k, 4, 293548, F. RE S B EMRRAL IR
P e B R [J]. P 3 25,2022, 53(3): 937-947. [ CHEN T J,
WANG Y, SANG T T, et al. Research progress on Ganoderma
polysaccharide in prevention and treatment of diabetes and its com-
plications[J]. Chinese Traditional and Herbal Drugs, 2022, 53(3):
937-947. ]

[16 ] ZHENGJ S, YANG B, YU Y H, et al. Ganoderma lucidum
polysaccharides exert anti-hyperglycemic effect on streptozotocin-
induced diabetic rats through affecting S-cells[J]. Comb Chem High
Throughput Screen, 2012, 15(7): 542—-550.

[17] %4, K E 5 H0h M5 A7 B 3L B & W il 1 B A S 920
FERGIHAR [D]. K& HKF,2021. [ YANG Y. Study
on structural characterization of Hericium erinaceus polysaccha-


https://doi.org/10.3389/fendo.2021.802114
https://doi.org/10.3969/j.issn.1671-8348.2022.06.009
https://doi.org/10.3969/j.issn.1671-8348.2022.06.009
https://doi.org/10.1186/s12263-019-0630-1
https://doi.org/10.1210/er.2019-00034
https://doi.org/10.1210/er.2019-00034
https://doi.org/10.1080/10715762.2019.1635252
https://doi.org/10.1007/s00125-021-05442-2
https://doi.org/10.1038/nrd.2016.151
https://doi.org/10.1016/j.ijbiomac.2013.03.009
https://doi.org/10.1016/j.ijbiomac.2013.03.009
https://doi.org/10.1016/j.ijbiomac.2013.03.009
https://doi.org/10.2174/138620712801619168
https://doi.org/10.2174/138620712801619168

%443 5 23

KT | 45 R0 RILEREAIMNT Y%t HepG2 AHAER L S HLHUBCEE KL - 321 -

rides and improving intestinal bacteria and their mechanisms of im-
munomodulatory activity[D]. Changchun: Jilin University, 2021. ]
[ 18] YANG L, KANG X C, DONG W J, et al. Prebiotic proper-
ties of Ganoderma lucidum polysaccharides with special enrichment
of Bacteroides ovatus and B. uniformis in vitro[J]. Journal of Func-
tional Foods, 2022, 92: 105069.
[19] SHAO W M, XIAO C, YONG T Q, et al. A polysaccharide
isolated from Ganoderma lucidum ameliorates hyperglycemia
through modulating gut microbiota in type 2 diabetic mice[J]. Inter-
national Journal of Biological Macromolecules, 2021, 197: 23-38.
[20] GUO CL, GUO D D, FANG L, et al. Ganoderma lucidum
polysaccharide modulates gut microbiota and immune cell function
to inhibit inflammation and tumorigenesis in colon[J]. Carbohy-
drate Polymers, 2021, 267: 118231.
[21] LIUYT,LIY W, KE Y, et al. In vitro saliva-gastrointesti-
nal digestion and fecal fermentation of Oudemansiella radicata
polysaccharides reveal its digestion profile and effect on the modula-
tion of the gut microbiota[J]. Carbohydrate Polymers, 2021, 251:
117041.
[22] T ATHmEAARTERZ S 4T 2 AbERum A R
Hwadud [D]. & g: &8 K3, 2020. [ DING Q. The mechanism of
polysaccharides from Ganoderma Atrum on type 2 diabetic rats thr-
ough gut microbiota[D]. Nanchang: Nanchang University, 2020. ]
(23] RAE. kK B A 548 EAEBUH AL BEARAR 2 944
EB LB EMERALID]. & 8: &S K4, 2015, [ ZHANG
G Y. Research on metabolic characteristics of Dendrobium offici-
nale polysaccharides in simulating digestion and fermentation sys-
tem and its effect on the improvement of intestinal function[D].
Nanchang: Nanchang University, 2015. ]
[24] LIN X H, XU WY, LIU L, et al. In vitro fermentation of
flaxseed polysaccharide by fecal bacteria inhibits energy intake and
adipogenesis at physiological concentration[J]. Food Research In-
ternational, 2021, 139: 109920.
[25] ZAVREL T, OCENASOVA P, SINETOVA M A, et al. De-
termination of storage (starch/glycogen) and total saccharides con-
tent in algae and cyanobacteria by a phenol-sulfuric acid method
[J]. Bio-Protocol, 2018, 8(15): €2966.
[26] &X%E, F2a, TEN, 5.3, 5- =AM EENE L HF
YRR AE A B AR ¥ [J]. F B % 2k, 2020,29(9): 113-116.
[ GAO W J, LI W H, WANG X M, et al. Determination of reduc-
ing sugar and total sugar in turnip by 3, 5-dinitro salicylic acid col-
orimetry [J]. China Pharmaceuticals, 2020, 29(9): 113-116. ]
[27] RABIT, EER. CEINGAREFNE R EF0F P &=
&1, PEEHFF], 2017, 19(9): 940-942. [ SONGF I, WANG
Y L. Determination of total triterpenoids in Ganoderma lucidum
spores oil by ultraviolet spectrophotometry [J]. Chinese Journal of
Medicinal Guide, 2017, 19(9): 940-942. |
(28] Hzkde, Fuih, BR4bE, 5. 42K B ik 5 T 07 55 36 ok 2 4
TERAE IR v RIS R P R e A e e 1), F B 25,2017,
20(10): 1861-1863. [HE J H, LU L, SHAO C J, et al. Compari-
son of protein content determination respectively by Folin-Ciocalteu
method and coomassie brilliant blue binding method for mannatide
oral solution[J]. China Pharmacist, 2017, 20(10): 1861—1863. ]
[29] DING Y T, XIA S J, FANG H W, et al. Loureirin B attenu-
ates insulin resistance in HepG2 cells by regulating gluconeogenesis
signaling pathway[J]. European Journal of Pharmacology, 2021,
910: 174481.
[30] ZHANG Q, WEI L, YANG H C, et al. Bromodomain-con-
taining protein represses the Ras/Raf/MEK/ERK pathway to attenu-
ate human hepatoma cell proliferation during HCV infection[J].
Cancer Letters, 2016, 371(1): 107-116.

[31] LAN T X, MEI M X, XIAO Q X, et al. Alizarin increases
glucose uptake through PI3K/Akt signaling and improve alloxan-in-
duced diabetic mice[J]. Future Medicinal Chemistry, 2019, 11(5):
395-406.

[32] ZHOU Q L, YANG C X, LIANG H, et al. Propofol reduces
MMPs expression by inhibiting PI3K/AKT activity in human HepG2
cells[J]. Biomedicine & Pharmacotherapy, 2013.

[33] HAN H S, KANG G, KIM J S, et al. Regulation of glucose
metabolism from a liver-centric perspective[J]. Experimental and
Molecular Medicine, 2016, 48(3): e218.

[34] YANGR Y, WANG L, XIE J, et al. Treatment of type 2 dia-
betes mellitus via reversing insulin resistance and regulating lipid
homeostasis in vitro and in vivo using cajanonic acid A[J]. Interna-
tional Journal of Molecular Medicine, 2018, 42(5): 2329-2342.
[35] CHENG F, HAN L, XIAO Y, et al. D-Dhiro-inositol amelio-
rates high fat diet-induced hepatic steatosis and insulin resistance via
PKCe-PI3K/AKT pathway[J]. Journal of Agricultural and Food
Chemistry, 2019, 67(21): 5957-5967.

[36] SHAO W M, XIAO C, YONG T Q, et al. A polysaccharide
isolated from Ganoderma lucidum ameliorates hyperglycemia thr-
ough modulating gut microbiota in type 2 diabetic mice[J]. Interna-
tional Journal of Biological Macromolecules, 2022, 197: 23—38.
[37 ] HOLMES D. Obesity: Medicinal mushroom reduces obesity
by modulating microbiota[J]. Nature Reviews Endocrinology, 2015,
11(9): 504.

[38] GAO Y Y, GUO Q B, ZHANG K L, et al. Polysaccharide
from Pleurotus nebrodensis: Physicochemical, structural characteri-
zation and in vitro fermentation characteristics[J]. Int J Biol Macro-
mol, 2020, 165(Pt B): 1960—1969.

(39 ] TRIA. 4545 5 Fo ki ok M5 By BRA 0 4B MALHAF R [D]. K
#. R #ZEAH K%, 2018. [ DENG B L. Study the mechanism of
calcium signal and short chain fatty acids-regulated glucose meta-
bolism [D]. Tianjin: Tianjin Medical University, 2018. ]

[40] ROPELLE E R, PAULI J R, FERNANDES M F A, et al. A
central role for neuronal AMP-activated protein kinase (AMPK)
and mammalian target of rapamycin (mTOR) in high-protein diet-
induced weight loss [J]. Diabetes, 2008, 57: 594—605.

[41] SAKAKIBARA S, YAMAUCHI T, OSHIMA Y, et al.
Acetic acid activates hepatic AMPK and reduces hyperglycemia in
diabetic KK-A(y) mice[J]. Biochemical and Biophysical Research
Communications, 2006, 344(2): 597—-604.

[42 ] KONDO T, KOSHI M, FUSHIMI T, et al. Acetic acid upreg-
ulates the expression of genes for fatty acid oxidation enzymes in
liver to suppress body fat accumulation[J]. Journal of Agricultural
and Food Chemistry, 2009, 57(13): 5982-5986.

[43] DEN BESTEN G, BLEEKER A, GERDING A, et al. Short-
chain fatty acids protect against high-fat diet-induced obesity via a
PPARy-dependent switch from lipogenesis to fat oxidation[J]. Dia-
betes, 2015, 64(7): 2398—2408.

[ 44 ] ENDO H, NIIOKA M, KOBAYASHI N, et al. Butyrate-pro-
ducing probiotics reduce nonalcoholic fatty liver disease progres-
sion in rats: New insight into the probiotics for the gut-liver axis[J].
PLoS One, 2013, 8(5): €63388.

[45] LIUY P,LI Y M, ZHANG W L Z, et al. Hypoglycemic ef-
fect of inulin combined with Ganoderma lucidum polysaccharides in
T2DM rats[J]. Journal of Functional Foods, 2019, 55: 381-390.
[46] XIAO C, WU Q P, XIE Y Z, et al. Hypoglycemic mecha-
nisms of Ganoderma lucidum polysaccharides F31 in db/db mice via
RNA-seq and iTRAQ[J]. Food & Function, 2018,9(12): 6495~
6507.


https://doi.org/10.1016/j.jff.2022.105069
https://doi.org/10.1016/j.jff.2022.105069
https://doi.org/10.1016/j.jff.2022.105069
https://doi.org/10.1016/j.carbpol.2021.118231
https://doi.org/10.1016/j.carbpol.2021.118231
https://doi.org/10.1016/j.carbpol.2020.117041
https://doi.org/10.1016/j.foodres.2020.109920
https://doi.org/10.1016/j.foodres.2020.109920
https://doi.org/10.1016/j.foodres.2020.109920
https://doi.org/10.3969/j.issn.1009-0959.2017.09.020
https://doi.org/10.3969/j.issn.1009-0959.2017.09.020
https://doi.org/10.3969/j.issn.1009-0959.2017.09.020
https://doi.org/10.3969/j.issn.1008-049X.2017.10.044
https://doi.org/10.3969/j.issn.1008-049X.2017.10.044
https://doi.org/10.1016/j.ejphar.2021.174481
https://doi.org/10.1016/j.canlet.2015.11.027
https://doi.org/10.4155/fmc-2018-0515
https://doi.org/10.1038/emm.2015.122
https://doi.org/10.1038/emm.2015.122
https://doi.org/10.1021/acs.jafc.9b01253
https://doi.org/10.1021/acs.jafc.9b01253
https://doi.org/10.1016/j.ijbiomac.2021.12.034
https://doi.org/10.1016/j.ijbiomac.2021.12.034
https://doi.org/10.2337/db07-0573
https://doi.org/10.1016/j.bbrc.2006.03.176
https://doi.org/10.1016/j.bbrc.2006.03.176
https://doi.org/10.1021/jf900470c
https://doi.org/10.1021/jf900470c
https://doi.org/10.2337/db14-1213
https://doi.org/10.2337/db14-1213
https://doi.org/10.1371/journal.pone.0063388
https://doi.org/10.1016/j.jff.2019.02.036
https://doi.org/10.1039/C8FO01656A

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 灵芝多糖提取纯化
	1.2.2 灵芝多糖体外模拟结肠酵解
	1.2.3 灵芝多糖及酵解产物主要理化表征测定
	1.2.4 GLP和GLP-F对HepG2细胞毒性与增殖的影响测定
	1.2.5 GLP和GLP-F对HepG2细胞葡萄糖消耗量的影响测定
	1.2.6 GLP和GLP-F对HepG2细胞糖原含量的影响测定
	1.2.7 Western blot蛋白免疫印迹检测胰岛素信号通路蛋白表达

	1.3 数据处理

	2 结果与分析
	2.1 灵芝多糖的得率及GLP和GLP-F物质组分差异
	2.2 GLP和GLP-F对细胞活力的影响
	2.3 GLP和GLP-F对葡萄糖消耗量的影响
	2.4 GLP和GLP-F对糖原合成的影响
	2.5 GLP和GLP-F对胰岛素信号级联关键蛋白的影响

	3 讨论
	4 结论
	参考文献

