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Abstract: This study investigated the therapeutic mechanism of oyster polysaccharide (OPS) on type 2 diabetes mellitus
(T2DM). A T2DM mouse model was established through high-fat diet combined with intraperitoneal injection of
streptozotocin (STZ). The experimental mice were divided into six groups: normal control (NC), model control (MC), low-
dose OPS (OPS-L), medium-dose OPS (OPS-M), high-dose OPS (OPS-H), and positive control (metformin, MET).
Comprehensive evaluations were conducted, including blood glucose and lipid profiles, hepatic and renal histopathology,
16S rDNA-based gut microbiota analysis, and untargeted fecal metabolomics. Compared to the MC group, the OPS-L and
OPS-M groups exhibited significant reductions in fasting blood glucose (FBG), fasting serum insulin (FINS), and
homeostatic model assessment of insulin resistance (HOMA-IR) (P<0.01, P<0.001), along with increased body weight
(P<0.05). Serum levels of triglycerides (TG), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C) were
reduced to varying degrees, with alleviated hepatic and renal tissue damage. Notably, the OPS-M group demonstrated the
most pronounced hypoglycemic effects. OPS treatment modulated gut microbiota composition in T2DM mice, restoring a-
and f-diversity indices toward NC group levels. Serum metabolomics revealed alleviated metabolic pathways involving
histidine metabolism, alpha-linolenic acid metabolism, and ketone body synthesis/degradation. Correlation analysis
identified significant associations between differential bile acid metabolites and specific bacterial taxa, particularly
g Muribaculaceae and g_Rikenellaceae RC9 gut group. This study indicates OPS ameliorates T2DM in mice through
mechanisms potentially linked to gut microbiota modulation, fecal metabolite regulation, and alterations in serum bile acid
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profiles.
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2 BUHEPR IR (Type 2 diabetes mellitus, T2DM ) &
DL I EEESRE, L B IE 2 e ) ZE U T
YR FR AT AN R, U TSR U . = UIESEENE
ARIHZEELIEIR . T4k, T2DM 7E 4Bk H B LTt
AT, FRIER FBR AB 8 112, AhRZ 2 A
FRE AL AR, HAiis IR _EIG 7B PRI
FEIRE T YEIT  IRE T NS 3 T HAELE &
FEE A IMH KT, T T PRIps 5 &R 1 R A= 0
KR

M5 Z2 B (Oyster polysaccharide, OPS) 42 M 4t
i v B B TS P 0T, T 9 IE S HEL A O IObE v
JIB4 . N, Getachew 50! & Hl ST & 1.08x10° Da
1) OPS T FEAK I ; Zhao Z5:1°0 3@ A il 2H 2443 Al
HH 53T i 6.5<10° Da ) OPS AEBR % PRI /N BLUE
Mo SR, BA IR 2R A OPS 1 BRI, X
HAE ML USR5 B8 B IR AN 2, BRI
T OPS 7£ T2DM Biiifh i FHTREE

B RS T2DM B A AE R R UIAR O, vl
REiE s E RO, e AR . B AR A QI Rt
RIEEZ 5 T2DM N ELE FE7 . T2DM /N
AR S5 BRAEAE 25 22 5, Wil . Hh =75 .
SAFER AU 5 1R 5 ZEAUHAE DS, I 7T T s
Py &R AEPTO, A, BT (Bile acid, BA) 5718 A
HEAH EAE TR AT, SEmn vk JeiE X 3244k
(Farnesoid X receptor, FXR)FIJHI TR G 5 F{HERSZ
{4 5(Takeda g-protein-coupled receptor 5, TGRS5) &
i g, RS I PR

BT L L, AR LS IR IR E A SR H R
(Streptozotocin, STZ) 755 1) T2DM /N FR 3 P A 7l

SRWFFERS S, im 4T T2DM /U B8 B RE S i 22
FEPERRAE AN QT4 24 22 FF5E OPS 3% T2DM HY
L, & T2DM 1 RER ZFE T e s i fa, G
J7 T2DM A BB AR A .

1 MREREE

1.1 MRS5S

SPF 2% ICR HEth/INE, 4~5 JES, (RTE 2042 g

W3 A 1L T KA A AR BT R A ], 3R T RGE =
B2 SPF ahiycs by, s alukS: SCXK
(i1)20200001, HLAFST L3R4S % R R K450 56 3))
W40 B2 HEHE, HEHES S AEE23096; 41 W5 2
(6.5x10°kDa) BMETH = EAERNGFEAEYRH TR
B BRA ], 2 AR, BVES 2 97.8%, M
b bR Al RS s SRR (60% HRIN L) | FERK
A ER(STZ)  dbat iz A ARAT B F] 5 Ehi
THXUIRE AR 2 A R F; /N R
2 (Insulin, INS) FiffH5¢ S8 W BRHI 22 725 (ELIS A ) i3]
& RS MU ERERR-1 (Glucagon-like peptide 1, GLP-
1) BB e B (ELISA) ik & RN &S
BlHA R 7] S HE S (Total cholesterol, TC )M
& . Hil=Mg(Triglyceride, TG)Mid & . =i )ENgE
F- AE [# % (High-density lipoprotein cholesterol, HDL-
C) M X & . IR %% B B 4R & JIH & BE ( Low-density

lipoprotein cholesterol, LDL-C)iX&  Fa @ik
YRR R A
GA-3 B MHHMNAAY =i AR B A R

4 ] CytationSMPV fibR{Y 32 EUAB AR A R
T); Legend Micro2 1R B E. LML 3€E Thermo
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TR Bl PCWI-10 4k AL pER S R A BR
INFE o
1.2 LWHE
1.2.1 2 RUBEPRIGALAL ST FNsh ) 43r4d SPF 2%
HEPE ICR /SRR, i rapkhad iy MR SR 3 d )5, BEYLSY
SRHIE R XT IR (NC) | B8, 16 & %) BR L 25 T hn itk
PRI SR, AR 25 TR IR 5 8, 25 6 JE T ha s
FELH/INERZESE 5 d BE TR ST STZ 50 meg/kg, 55—
FESFRTAEE KR Er 12~14 h, Ji5 4 d A IR EHOK .
TEASLLH STZ ME 1A 558 i, 454 — S8 59 2 I 25 i ifin.
## ( Fasting blood glucose, FBG) , FBG 1H X T
11.1 mmol/L >~ T2DM AR A3 57 Ty o K5 iAsE /)N
BT AR R ZH (MC) . — H UK BH 4 X5 FE 40 (MEET,
400 mg/kg) . OPS fIL7] &2 20 (OPS-L, 400 mg/kg) .
OPS 751540 (OPS-M, 800 mg/kg) Fll OPS &5l E4H
(OPS-H, 1200 mg/kg), £F¢H 6 H/NEl. Zhao A5 )
BFEE e, hF| & (400 me/kg) FNiEFIE (800 mg/kg)
A Z BT T2DM /)N BREA BEAT TSR
I, FE R SL IS Sh ) & A IRT IR T, A0k 175
Zhao F5F WG | i R R [R) RIS 5 4 R A TS
5, IR B A G TR . 1B X R STy
LL0.12 mL/ 2T LU A B ER K, A4 43 Bt i 751 1
WEE, B 1 IR, ESE 4 T8,
1.2.2 —fgdebs  SCYGHAR], 508 R B aEm a1 R
PR, WA 55/ BURE IR L & SIS 00 L AR,
PROK BB O
1.2.3  [MoH . MARAHSCHEbnAGI 4 ] ] B [a] =2
SEFIKBLM MR IFC T FBG. 254505, 8548/
FRAS T 12 h, B, f IR BRI, 25 IR &5 30 min,
4 °C. 1500 r/min £5.C> 20 min, W HL F##, —80 °C
VKFAARAE A FH o 2 BRG0S0 U B 000 1Ly TG
TC. HDL-C. LDL-C . ELISA JAGIN M iE 25 i
% 5% 2% (Fasting serum lisulin, FINS) & GLP-1 &,
¥ T 2T/ B2 I TS b % R I R HRPTIE B
(Homeostatic model assessment of insulin resistance,
HOMA-IR),
FBG x FINS

22.5
1.2.4 BFAE. BAFE LR AU R gl 4 BIHL
/NERBJFIE . B IEZHAURAR, 28 4% 22 3% W s ik ]
JEALFE 24 h, A7 85I Y] RS SR FH 95 AR RS - AT
(Hematoxylin-eosin staining, HE) 447, FH i} S5 il
T 200 FEMESLHLURESAIE RS .
1.2.5 [miE ERE 16S rDNA K P37 FE  #)
JH Omega Mag-bind soil DNA kit $2 BUEEAS JE K 21
DNA, I35 1% B HEBEEE S FE DRORS I I 2 25 Rk
B {d AT Barcode IR 5 9711 T PCR §7H4, PCR
FEYI A B NG Bk 2l 5, A SCZEFEH Qubit

HOMA-IR =

SE i, SCZETE Illumina NovaSeq 6000 il FE A I 4T
PE250 Sz MNP ARt PiEs . Tids . ASV &
25 YRR ZREVESHT, LAV REAS (05 A S0 A
TELERE o
1.2.6 /INEEFSBEARFR A AT S2ge st ol s,
WA BE 4% 2H /N B, BT 2 mL TR K B 1 B O
1, B T80 °C VKFAIRATE, 5 FEARLE 4 °C SREET
DS fEORS , AEHWFER AL S 200 pL H,O FIFEZEERS]
W S 800 pL HE/ 2K (1: D HFA AR L,
MEJEHE 4 °C T 14000xg B.0> 20 min, FiEWRLE
RO, EPEMT 100 pL ZHE/7K(1: 1) H,
FERRE O BT T UHPLC-Q-TOF MS 41
#T, {4 JH ACQUITY UPLC BEH Amide fai4: 3547
HILIC 4355, ik 0.5 mL/min, #FFEE: 2 pL. JHi%5
HH1E AB Sciex TripleTOF 6600 |- #17, EST iz &
600 °C, I L m/z 60~1000 Da, FR 2 A ] 0.20 s/
1% . i XCMS FR4: 32 47 £ 48 Ak 21 A4 4
1.2.7 /N BRI 7 AR 7T P 0 g AR 2 A A R
4 °C %, BU 100 pL BEASTIN 10 L [H437 AR5
500 uL T H B, 38 0E, —20 °C # B 1 h JLEEE H .
BHR-GWITE 4 °C. 14000xg 2514 F 5.0 20 min, Y&
IR A TR, S ATET 100 pl AR s oK (101,
v/v) IV, IRESE 14000xg. 4 °C B.0> 15 min, B |-
IR . (A -BIE HT R A Agilent 1290 Infinity
UHPLC &%t 5 SCIEX 6500+OTRAP Jii % { ¥X FH
ISR A h 0.1% W /K, B by 4l H e, i
250 pL/min, #FFEE 2 pL, Bl i s 251k (EST)
B AT, SR E I T IR 550 C, &
TR 1(Gasl) 2l 55 psi, B FIHUEK 2(Gas2) R
55 psi, 77 (CUR) 2l 40 psi, 55T Wi55 MR 77 sh (A
(ISVF) i —4500 V; 2% JH £ 52 1 Wi il (MRM) A5 =
e
1.3 HIEAIE

S 6B W A5 FH EI B bR 1 22 (means+s.d. ) R IR,
THEZORME A IR AT R B 2y 255347, 25 0)
JHRRANRELES, UL P<0.05 MZESRAESITFE L. Irg
Br¥E% FH GraphPad Prism 8.0 #0445, 35 SPSS
Statistics 27.0 X £ #E #1748 1501 FH Spearman
FHSEPEST BT NC 2H . MC 2H . OPS-M #H 7 8 W S
REH IR A = Ta] AR DG ME
2 HBRESH
2.1 OPS X} T2DM /NRIAESHER AT

WA 1A, NG RR L, NC 4/ R B IA TR
AEHETI, MC 2H /)N BRUAS SR T R B Al i 25 (P<<0.001),
56 T2DM /) BRUA R D4 11 BLRLpG FRASFAE ), MC
ZH/IN BURE AN . B RORDRE FLBRA 06, BT 9 |
DE) IR 2B ZIRERI . OPS £ 7H2H/ N
5 MC ZHAH FeRE IR | IR E TS shigay, BAGHT .
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Fig.1

Effects of OPS on body weight and glucose metabolism in T2DM mice

A (A RTE; (B) 2SI MK (C) B 2, (D) 1S ZIRPTIE £ (B) B E M Z R R-1. n=6; 515 % XF B4 HL 58, #P<0.05,
#HP<0.01, ###P<0.001; SEEREIZE LT, *P<0.05, **P<0.01, ***P<0.001; ns ZF A T2, & 2. & 5. & 7 [,

OPS T AU 4l /Nl as AR AR fb an 1] 1A oK .
JRIT RIS NC /NS E, Hx &S/ NIRRT o 8 2%
PEZES(P>0.05), MET ZH/NRTFEE 3 A EITAE (]
FRIFAFERTERE, J6IT 4 JEJS, MET 411 OPS-L,
OPS-M AR I &5 T MC ¢3.(P<0.05), OPS-H 2H
REE T MC 4, B JE B EMEZER, UL MET Ml
OPS I&. FFIE A%k T2DM /NEUARTE FIERY
FEEN

WE 1B, &3 4 JHERE B IRYT, 24/ FBG 24
AR B3 (P<0.01), JLHZE OPS-M 4H 3R %
£, 5 NC ALk, MC /N RS H B 5 DL, 4%
1IN B Y FINS 1 HOMA-IR /K3, OPS T#i)m,
OPS-L F1 OPS-M £ /> f FINS 7K - i 25 R A (P<
0.001) (&l 1C), frfs OPS £H #l MET 41 HOMA-IR
TR B (P<0.05, P<0.01, P<0.001) (& 1D),
] OPS fiEZZ i T2DM /INFLAYE R Z2IRAS . 1k
4h, 5 NC ¢iAH L, MC g1/ GLP-1 /K T B3R i
FH(P<0.001), L4525 T Wia, 4541 GLP-1 /K ¥4
ik, Hop MET 2H 8005 85 (P<0.05), OPS ZH i
HAFERE S (E 1E) ., GLP-1 271 L 41
SR IR MRS R, T T DB A Y A A SR
Jig8 5% ZR A, AR S B AN PR T RN RE L7 B HE
IS S TRV S T2DM SR, 25 B, 4552
OPS X T2DM /N BB GBS R AR 5 AP IR
HA B MEEER

2.2 OPS %f T2DM /iR MM AS ISR

anE 2 Fras, MC 214 NC 4H 2 B0 HS 35 A9 i
gL Z£FL: TC 1 LDL-C & & F| &5 (P<0.01, P<
0.001), 1 HDL-C 7K Z kFk(P<0.01), OPS T
Wim, fk . #3558 41 TC. HDL-C 7K 3 & 2% [ ¥4
(P<0.05, P<0.01, P<0.001), & 7HE 4 LDL-C #J &
FHREAL(P<0.01, P<0.001); TG /K FAE Lk B AN i 2 H
WA ] NC 2HPRE e s, X 501G 1 2580 K35 K
ZBE WRERRVER 33 NRARIHEEL AT Ik 5 2%
P, BERAEIR G A& A= B EE 2L, R H I ARE A
JE A B XU PRI 2210, i OPS X I Ag i Pl BE A
ISR i) T IR AT U
2.3 OPS %} T2DM /MR BTREFI'S AELHLRAIE B 1E R

HFRZHZE HE Gt gb R ULIE] 3, NC 4/
IR, AR SRHCER, HES ST, AR AT T
MC ZH/)NEUHBELH 2 H B EH S A AR A e, A
sINERIAER/NaS A FEAE PR PN, 457 MET Fl
OPS il IFAu N 2 AR /b, H 25 AR /)N, 4
RFRAE/IN, 5 Shi 2507 Gt MG PP 2 AR L .
TR Z] HE Jeta g SR ILIEl 4, 5 NC 448, MC
ZH/NEUE /NERABCBH (B, SB 4N M4 Rk 5K 7 1 ™ 5,
FELMIEEE, FRAEILTTY 5K, B /AR AS | B A
HE KM . 5 MC 4%, MET #1 OPS 1T [Y
NERUE /INERBE R A 4%, B4 I RED 5K e ML, ZR AN
Radth g, FRIEELTTY 5k, B /NREAEAE RN, SR B OPS
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Fig.2 Effect of OPS on the lipid profile in T2DM mice
TE: A: BEHERE B: Hlh =1; C: M R HE1H; D: IR IR H; n=6.

AT LA R v S BT L85 ) . T2DM
S AERTE BB Z A AR DR O AR, e P E
HEAC F B AZ OV, TR PRIps B o DU S DR Fie
W ULAYUIAS I RAE 2 —

OPS-L

K3 2 RUBESR /N UL 20 20) Fr
Fig.3 Histopathology examination of liver in T2DM mice

TE: I X BRAL(NC) ; AEALZH (MC) 5 — HOBUNICBH 44 X B 21
(MET) ; OPS = | # 41 (OPS-H) ; OPS "1 5] g 41 (OPS-M) ;
OPS 7 41 (OPS-L); TORAEECH 200 28 (A HF - AT40
BB PETE LY 23 3 ] 4 T .

£ I, OPS-M ZH AN TEREARZS B b . 815 5
B R IP TGS MG 51 S5 Qe br [ s th R4
R, T H B ZH 0 PRy VE UL W ., PRI,
BEPEH G s bR B i/ BRREAS R TS S iE T
HEF U 24 A
2.4 OPS ¥t T2DM /R IFEERF RS HIF
241 FHA/NBIGIERERE o 25T o 2860
SEFRTERE X A S RGN Z Rk, S0 i

oy

g\ R A

K4 2 AOEbR /N U R BREH 200 )
Fig.4 Histopathology examination of kidney in T2DM mice
E: BEEHET R B/NRIE G £0 87k B A B Fe Ik i

o ZFEMERI$ERRf$E Chaol . Shannon Fl Simpson &
., WE S i, 5 NC 41 %, MC 4 Shannon $§
B (AR BB 22 A ) B 2 25 T (P<0.001), Chaol

FREC AR B HEF 5 ) B . Simpson FEEC (AR BLES
BEZREVE) FH i, 42 OPS T Wi )5, S48 50a Wik

#, FRHW] T2DM /R B AL 5 BEFEIL . 24
PERS N, OPS 1T AT LAek35 T2DM /)N Bl 18 R
R

242 HHA/PNBIERERE g AT (A HRT
Bray Curtis FEZ5 1) 48R34 (Principal co-ordinates
analysis, PCoA) %} /| B 17 18 B8/ B ZAE 4745

Mro £5RUNE 6 s, NC 411 MC ZHFEAS S B H
WS E AT, S REAE AR MY X, X FRB

T2DM /NRI G IE R FEZH S NC 2H/N BRAAAE W2
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Fig.5 Comparison of a-diversity of gut microbiota among mice in different groups
7 A: Chaol $8%1; B: Simpson $5%%; C: Shannon 54%; n=6.
Group 2R B4 '] ( Actinobacteria) Fl1ZE JE B ] ( Proteobacteria)
. ;\I/I% #H A%, H: 7 Bacteroidetes fl1 Firmicutes (5 b8 K
S 03 e = OPSM 5 NC 4H k%%, MC 2H Firmicutes AHXJ =5 3 i 25840
5 - - ._ (P<0.01), Bacteroidetes AHX}=E B i R (P<0.05),
= 0 A- . Firmicutes/Bacteroidetes( F/B) it 3 F} =5 ( P<0.01) .
5 05 5 MC ZHAHLE, 28 OPS-M #£ B 1Y/ Firmicutes #H
: X =5 B 5 2 AR (P<0.05), Bacteroidetes AHXT =&
' FE T (P<0.01), F/B FYME L R (P<0.001), 3R]
-04 0.2 0 0.2 0.4 0.6

PCoA 1 (21.56%)
6 /NRMIEFERE f ZHEPER) PCoA 34T

Fig.6 PCoA analysis of f-diversity of mouse intestinal flora

25, XPZERNRERE T T2DM MR ER A BARf,
SEUAIE AT AR, INTTSEN T R s i 2h
HFTIHE . OPS-M HIFEATE PCoA ¥l -5 MC
HA —EE S, (SRR R I S B, X
FEHFH G 220 TR T2DM /)N BRIz 8 B L AT
—EMPEVER

2.4.3 S4/INRIBIE BRI R 25 553 T
2.4.3.1 HTFTIKPFIGIE R BRI FI SR SHT n
Bl 7 iR, e 1K B, /NEU s i e ) 2 i R
BEPE ] (Firmicutes) . ¥AFF 1 '] (Bacteroidetes) . JiX

OPS ] LIt T2DM /INRIZE AR IRE . A
TR, F/B E- 5 UK SOEAESS, HAENGRE
B A VAN e e L AW S 7B NEE i o SR I R 2 et
B8]

2.4.3.2 FTJRAK- I ImIE W AR EEAG AT /)
B B AR KT B AEXT F EE AN & 8 B . ANEIH
AT LAE ), 254/ BUs B L BE 22N Muriba-
culaceae . T FT B J& ( Bacteroides) . £ Lachnospira-
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