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#9482 , 5t R A Western Blot 7 A2 M AT IR L2 F G & G 183K 24k 43 (G - Protein coupled Receptor 43 ,GPR43) (G & & 1%
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EZRARMY LA ZERTAER, TR AR M Ak BB A M A R RSB, 4 LWEE ST @AY miE A
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Abstract; Objective This study is based on intestinal flora — host metabolism and deeply explores the mechanism of
Shanzhuyu( Corni Fructus) polysaccharides in type 2 diabetes. Methods A type 2 diabetes model was established by high sugar
and high fat feed combined with a small dose of intraperitoneal injection of streptozocin( STZ). The pharmacoefficiency index of
the rats in each group was detected ,and the intestinal microbial structure of the rats in each group was detected by 16S rDNA se-
quencing technology, and the content of short — chain fatty acids( SCFAs) was measured in combination with GC — MS technolo-
gy. The Western Blot method was used to detect the protein levels of G — protein coupled receptor 43 ( GPR43) , G - protein cou-
pled receptor 41 ( GPR41) and glucagon — like peptide — 1 (GLP — 1) in liver tissues. Small molecule metabolomics study was
performed on animal feces in each group using UPLC — MS/MS technology, and the correlation analysis was conducted on intesti-
nal microbiota and differential metabolites. Results The results of the drug efficacy index test showed that Shanzhuyu( Corni Fruc-
tus) polysaccharides could significantly reduce the blood sugar,blood lipids and inflammatory factors in the rats with type 2 dia-
betes. The results of intestinal flora sequencing showed that Shanzhuyu ( Corni Fructus) polysaccharides significantly improved

the bacterial diversity of type 2 diabetes rats. At the level of phylum,the abundance of Firmicutes, Bacteroides, Varves and Acti-
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nomycetes all had different degrees of correction,and the ratio of Firmicutes/Bacteroides increased significantly (P <0.05). At
the level of genus, Lactobacillus, Akermans , Bacteroides and Muribaculaceae increased. The resulis of SCFAs and key metabolic
pathways showed that the content of SCFAs in the feces of type 2 diabetes rats had significantly decreased( P <0. 01) ,the protein
expressions of GPR43 ,GPR41 and GLP - 1 were significantly reduced( P <0.01) ,and after the intervention of Shanzhuyu( Corni
Fructus) polysaccharides,the SCFAs content was significantly increased (P <0.05,P <0.01), and the protein expressions of
GPR41,GPR43 and GLP — 1 were significantly increased (P <0.01). Metabolomics screened differential metabolites with signifi-
cant changes( P <0.05) among 46 model and control groups, mainly enriched 19 metabolic pathways such as sphingolipid metab-
olism and steroid biosynthesis. The results of the joint analysis showed that intestinal flora had a significant regulatory effect on
differential metabolites such as sphingolipid metabolism and steroid biosynthesis, involving metabolic pathways such as sphingolip-
id metabolism and steroid hiosynthesis. Conclusion Shanzhuyu( Corni Fructus) polysaccharides can affect the levels of metabo-
lites such as SCFAs and sphingosine by regulating the intestinal microbiota structure ,and then regulate the metabolism pathways
such as short — chain fatty acid metabolism, sphingolipid metabolism and steroid biosynthesis,improve the protein expressions of
GPR43,GPR41 and GLP -1 ,regulate the blood sugar and blood lipid levels of the rats,thereby regulating glycolipid metabolism
and intestinal disorders,inhibiting the body$ inflammatory response,reducing insulin resistance and playing a role in treating type

2 diabetes.
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( L ek A AL BHE A BR 22 W, it 5 C10915102, 4fi i =
99.5% ) . X R (L i 22 vu Mk AE AL B A BR A A i 5
C10439149 43 =99. 5% ) \ 5 IR ( L ifg 22 se bk A L RH A
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(RETEFREMA TABRA R, 5 :210624 ) 5 F LT 5
fik (MREDA , ${£5-:095170) ; PVDF A% (0. 45 m, Servicebio, #{t
‘5-: 0000320583 ) ; TG & 1 P 3 & M WK ( Servicebio, it 5
CR2308055 ) ; ECL b2 % 3¢ it 71 & ( Servicebio, it 2 : G2014 ) ;
B VKA R T 7 18 28 i Y ( Servicebio, $iE B+ : GC2305001) 51 x
SWE Ut 5 43 B HL 7k 28 vh i ( Servicebio, 1t %5 : GC2305003 ) ;
TBST 2% #p i ( Servicebio , #t 5 : GC2305002 ) ; — i # B ( Ser-
vicebio, iS5 : GA2305016 ) ; Western — 370 #%i B ¥k ( Servicebio, #It;
5. GA2305032 ) ; — ¥t — PL ¥t B W ( Servicebio, #it 5
GA2305032) ; GPR41 ( Bioss, 4l =+ 19952 — 1 — AP); GPR43
( GeneTex, #t 5 GTX00823 ); GLP — 1 ( Servicebio, it 5
58117051004 ) ; ACTIN ( Servicebio, 1t ;20211116 ) ; HRP — 11|
(06 ( Servicebio , 2 : AC230313001 ) .
1.4 U3
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(Servicebio ,KZ — Tl - FP) ; J5 Ji€ & 51 {X ( Servicebio, SMV -
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(Servicebio,SVE —2) ; %5 E[J B3 kX ( Servicebio, SVT - 2) ; #i /=
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(CLINX,6100) ; EifE#31X ( Rayto, RT — 6100) 5 5 J5 & F 4 ( Ther-
moFisher, TSQ 8000 Evo) ; & Jii 5t FH{Y ( ThermoFisher, LTQ — Or-
bitrap XL) ,,
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41(H - CFP 300 mg - kg™') . NC 41F1 MOD 41k 4 H |4
HEH 10 mL - kg™ AR FRER UK, 4% 45 25 41K BT 8 R R ) R 2
Yy, L2528 Ao A2 IA], NC 41K R4S T 53 1 k), MOD
RN AR R T =i s e Tkt
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BEDI T, HiAy — 80 C KA A7, % F .
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$&HR ALT (AST /K, 48 K 7 IL - 1B IL -6 FI TNF - o 1582,
Bk HE bR SOD F MDA /KF,
2.4 JH A 16S 1DNA I 5

Fe IR A PRI, A N 45 b B DNA, JE A 5
DNA (4l Ak B, 64T PCR 4738, Brk 9 1% X 48 16S 1D-
NA [ V3 - V4 X, X3 84 7= Wy ik 47 200 A R0 e itk , # g
Miseq SCFE, AL P75 2 R 06 4080 o
2.5 SCFAs thill

I ZEAEAE 5 50 mg, A 500 L A= FEh /K, A 2 min,
4°C 14 000 r - min "' B0 15 min, L3R 200 L, Ji 20 pl
50% [HERERFN 20 pL [ PNAR, IR E 1 min J5 8 F 4 CrkFH 10
min, JILAPKIZR ) B BEECT 2 400 pL, 1% 3 min,4 °C 14 000
r+ min” B0 15 min, BRIV 200 L 58S E R, R
GC - MC HEREITHT

S RE & fF. 3% AE N Thermofisher TG — WAXMS
(30 mx0.25 mm,0.25 wm), PR 2 L, #EFE O IR 250
C At 101, 43 B R AR P THE, 254 1A AL 70 °C 4
2 min, L 10 °C « min "' FHEZE 150 C,FLL 15 C » min "' T
IR 2 200 °C, % /5 20 C - min ' FEZE 230 °C, {345 2 min,

Fik S TR R B (ED) IR, 8 TR B 280 C, %
M2 IR 250 C, L TRER 70 eV IEFIAER 6.5 min, K450
U R A ARG S S SIML T B
2.6 xE®AREEKNNE

JHF I 2 220 A 24 A v B B 1 IR IR 2R 15 R A BCA 1%
U 45 LA A 19 B 11 Ve P8 5 5 o 7 IR T A i 08 D s T i
BEHLYK 2T B s PVDF B, 5% NS0k &8, — i
B IBPUAUEA I THRAE 4 Cil. ZPUeaE RS,
A ECL KGR, 8 sh B RE T F 1R ECL fb22 k0t FRIE 658
WG, A B R TIF 6 X R AR B A, I AIWBwellTM 457
AT B AT
2.7 BERWAFELSN
2.7.1 XRABRMHZBRIREHANE KBRS 25
100 mg, A 9 fEEPEE - ZM5(1: 1), vkiA A H2H 30 min,
B30 15 min(4 °C 13 600 v/min) B EVEW, ST RSB PR
A FEREAR 25 mg, IR BEIR S, [FvA A0 B, B AS 2% 4 i 1%
FEAS (Quality Control,QC) , I T REGLFEMERIFE EE

{0,33% 4% {f: Poroshell 120 SB - Aq (1.9 pm,2. 1 mm x
100 mm) , Poroshell 120 SB — Aq il #¥ (2. 7 pm,2. 1 mm x 5
mm) FEENAHR 0. 1% HER/K (A) ~ 20§ (B) o BEEEBER:0 ~5
min,2% B;5 ~7 min,2% ~60% B;7 ~12 min,60% ~ 100% B;
12 ~15 min, 100% B;15 ~ 17 min, 100% ~ 2% B;17 ~ 20 min,
2% B, HiR 35 C ;% 0.3 mL/min; #EFER 1 L,

T A SR Y ST HL M8 55 1 - U, 9 F 485 20 Full Mass,
S PEZ R 50 000; 9 4 4L 2L : Dependent — MS2, 43 HF 2 2
60 000, filf 1 it & J 25% , FHHVEHYI R 50 ~ 1000 Da, 1FEF
PR B A 40 arb s BRI - 10 arb; B T HLIE 4. 2
KV 8 LRI N 300 °C 5 BANE L E 23 VB8 K 90
Vo SUEFEK B0 40 arb; i B : 10 arb; 25 F-H§
S 3.5 KV B TEHT BRI Jy 300 °C; BAME B E -35 V;
EHHE -78.2 V,

2.7.2 ZofeRBAR RABEEAQC) WM RGRE
Mo FPIIERERTSCIESEHE 6 BF QCAEA, TEJSZER T4 6
FARERTR IZAT 1 8 QC FEA, T MW & 40 i Fe 7 PR A
Yk,

2.8 HIELM

[ TE R 16S rDNA U ¥ 26X R As BAm A o e ot ik
IBIE TR A ROBURE , 115 #1745 4 43 25 BT ( Operational Taxo-
nomic Units, OTUs ) FIEFY TP /325047, S0 HENR T R 2 F
FE W B I B8 ] TraceFinder 2R 43 J5 2 1 Bl , 5Bk = A
SEIG HR AR AR o AR TR XA S I TET AR T U — 4k
SEPR 545 Ay AN & . R GE i 40 R I SPSS 26. 0 3K
PF, ZH UL b R T8 R 2 U7 22 43 B, 4 18] P G LG R
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AR 27 R F MSDIAL (4% R n B 2047 HlAk 3 5 %
SIMCA — P 16 X% i [ #4722 7058 120 M7 5 idad 3 i 73 #r
(Principal Component Analysis, PCA ) Z 57 & B IH48 56 ; B F
PCA #E471E A e /> — 3 1= 3 51 43 #F ( Orthogonal Partial Least
Squares — Discriminant Analysis, OPLS - DA) , #{ ¥ 22 7 25 1 AL
Hi{H ( Variable Important in the Projection, VIP >1.0) .4 [a] 25 {k
%% (Fold Change,FC <0.8 5§ >1.2) Fll t #:56 (P <0. 05) fifi it
2= ALY #4E HMDB  Mzcloud , Pubchem  MassBank 45 7F
LEREELE =Sy B EE RN ERAHY A
MetaboAnalyst 6. 0 7EZ% P Il o 1730 B 4 .

3 EKWHER
3.1 il & R

LLIZE B Zp ] AR AIG 2 TR PR R BRI o £ R T A 7K S,
e 45 495 5 B AR I3 e TC TG \LDL - C|IL - 6 IL - 1B,
TNF - o MDA /KFE-Fil AST ALT 3514 (P <0.05 P <0.01) , I}
i HDL - C /K1 SOD {E#: (P <0.05) . 53 SCHR[3] .
3.2 Jfi E A 16S tDNA I JF 44
3.2.1 o ZHMESMH KB Z (Rarefaction Curve) FllF
FEE M2k (Rank abundance curve ) BF5824H A FE S ZHEPE, Ho
FEHl 2z T30, FRoRMF R & 4 2L, B2 IR BN
HEg B m HFh (0TUs ), WA 5L V [ 1 - A, Rank - A-
bundance [{fi £k 7% i 0] 752 , 2 W Fh == 6 8 s HL A3 A0 A X 1
AL, AE VIE 1 - B,

X o ZHEEEREBGEAT 0T, WK 1, 5 NC A Lk, MOD
2H %) Chaol #5%%( Chaol Index) .74 $5%4 ( Shannon Index) F12¢
- FRFEHU(Simpson Index ) B145 FITREAIL, &7 2 BB IR K B
BRI ZHEER S B kA28 4k 5§ MOD 4 AH [, H - CFP
I o ZFREEIEEEY TR, BT L2 55 28 RE 1S I 2 B8 PRy
KEGE R 2SR,

3.2.2 B FHMLH X B ZHEMEHFAT I A4S AT (Principal
Coordinates Analysis, PCoA ) FIAHRIH:73#1 ( Analysis Of Similari-
ties, ANOSIM) , FITAS [l R A 1Y TR R & 5 AAAE 25 5 o B4 TT
VIEL - C A1, NC 411 MOD 4 P2 hi 25 85k 5 NC 4
AHLG, FoA A A A3 B A B AR Z BB R T NC 41, 5
MOD ZHAHLL , H ~ CFP LA A B B vh  FEA (B BEEE /)5
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H MET i1 H - CFP #£78 [v] NC 25 ) A fm s ta ., hffm
VIEL - D AT, 2H R A 22 A K, TR s AL PN R 5 25 /N

R HBOR B
Tl o BRI (v 29)
ZH 5 n Chaol Shannon Simpson
NC 6 451.96 +69.38 6.15+0.52 0.96 £0.02
MOD 6 392.87 +59.11 5.65+0.10 0.95 +0.01
MET 6 380.04 +20.23 5.63 £0.48 0.94 +£0.02
L - CFP 6 361.46 £92.45 5.59+0.85 0.88 +0.13
M - CFP 6 363.66 = 11.66 5.61 £0.26 0.94 +0.02
H - CFP 6 408.27 +34.09 5.81+0.71 0.96 +0.01
3.2.3 BAXRMEEAMAAAR WIHHTVIE 1 - E FHH

TV L -F FoR e K L 8 w8 3 6 R R
[7( Firmicutes ) . | ¥ 7 [ ] ( Bacteroidetes ) . Pt 1tk 7 [ ] ( Verru-
comicrobia) LA ] ( desulfobacterota) | i Z% i ] ( Acti-
nobacteriota) A5 JE [# ] ( Proteobacteria) 25 . Hrh & 4H B LA
JEBE T THHUAF T T4 B4 5 19 NC 4LAH L, MOD 4 iy JELEE
BT ABBRAT 8 [T AR T B8 1] 3= B3, SO 1R 1T e T
FBCER T 11 B RRAR, SO 1 1)/ T BE TR 1) 2 B BRI (P <
0.05) s INABIZHET W , & AUEREE ] 3 B 34976 FrAIG, #
FETT DI T TR T 1T 8 246 A [ A B TR, S0 A
11/ JERER T F B B R (P <0.05)

WAGETT VIR L - G Fd TV 18 1 - H R, fE@ /K |, NC
2H K BRALFA T 8 2 BUECFF P ( Bifidobacterium ) (LT 14 ( Lac-
tobacillus) ] 77 & 1 ( Akkermansia) | UL #1 54 ( Bacteroides ) |, %
i [G B ( Romboutsia ) A1 Muribaculaceae, 5 NC #H #H [t,, MOD
R BRIAHE D R =F B2 YA T R I 1t AT 148 (Allobac-
ulum ) F198 B BR % ( Ruminococeus ) & & A7 i in, 5 MOD 2
FHEL , MET 25 % BR G R v Bl o 2 [ 17 FBLRT 187 08 =F 38 o, 5=
FrR @A Bk m TR, LR S 2T, &4
KR AR AT & 502 I AUAT )& 1 Muribaculaceae
F R AR FEE [l
3.2.4 Bk R XEEmiE B AR FIHGYER B 04T
RN KN (Linear Discriminant Analysis Effect Size, LEfSe ) X #%
YU T AR TR IR T H AR, L LDA {6 > 3.5 Johnife, F4RAE
F B PR EER AR, 45RFY], R WHEE
Muribaculaceae . ff:#T % ( Eubacterium) | %5 4% 7 ( Alistipes ) I JIH
T ( Bilophila) | i##T & ( Enterobacteriaceae ) | i 5K [ ( Desulfo-
vibrionaceae ) . & 12 B ( Lachnospiraceae ) . 3% B BR @ . & [K B
(Roseburia) %, F 2R JEREE [ 1AL W& 1148, DL 5T VI
K2,

3.3 SCFAs 4 &l & % SCFAs — GPR41/43 — GLP -1 i# %
35

3.3.1 SCFAs 4R 5 NC AL, MOD 41fY 7 Fh i s
R R & = ) W AR (P <0.01) ; 5 MOD ALY, 7 Fh 4 i

iR & LA AR B TR, Hodr L - CFP 21 rp g iR % it ik
ZFIHR(P<0.05) M -CFP AR NIR . TIRAS TR
TR EETHE (P <0.05,P<0.01) ,H - CFP 4{ Bk L B F1 O R
SMEENR IR & R B ETHE (P <0.05) . k2,

3.3.2 SCFAs — GPR41/43 — GLP — 1 Kt o5 & 45 £ 45
A A 2 R B2 bR Bkt SCFAs AR5 1 L 6 I H -
CFP #4740 v AR B I 2 . S5 R B, 5 NC 414
t, MOD 21 K BRUFFIE 41 it - GPR43 \GPR41 #1 GLP - 1 [ H
FikBEHEML(P <0.01) ;5 MOD 4 L%, MET 26 #i1 H - CFP
20K FRFAE4E e GPR43 (GPR41 il GLP - 1 35 3Rk & F+
E(P<0.01), LK 3 & 4,

3.4 EERBLAFELN

3.4.1  ZAG%HHSH  FHKRBIMEREAN PCA 43Hr I
HUTVIE S, BIETAT 5, QC HEATE IE i B FAR AT BRG]
U, B HHAREASTE 95% 1) BLAS X [B] P9 ¥ T LA I L B oy — 25, L
FHZAIBH sy e, B PLS - DA 154 & W[ A0, NC 41 1
MOD 21 2 [B] 4 B EH (. 19 43 125 e 35, Ui B 2 R0 B K BRL 24
RS & A2 T 3 AR b s 1l 2 05 2 0 4% 50) i 4 25 A i
MOD 2, & #i [ NC 41, Ui 1L 28 08 M 25 T T 2
TN PRI A BRSS9 7K ST 283 [ 1 7 ] L), B BH 1L 2
BE BT 2 RO R R BRI G L A e A . PLS -
DA BB op ) 36 BE A IE B T 120 F R°X = 0. 648, RY =
0.926,Q% =0. 725; i B FHLX T R°X =0. 71, R*Y =0. 601,
Q* =0.552, UL RI AT KL AF (Y LI BE 7 0 200 YR B A6 06 4%
RER, B R R® AR AE 0.3 ~0.5,0Q° Ik
BE(E/DNTF O, BLIIANFE LA B S . WARTIVIEL 6,

3.4.2 EFR#MMeinidflE B NC 45 MOD 41,MOD
45 L - CFP 4 M - CFP 4| #1 H — CFP 413t47 OPLS - DA 43
By, G55 WAE T VILIE 7, % 25 S AR AT i 28 , 1 B A1
VIP>1.0 FC<0.8 5% >1.2 HP <0.05, 3224 & 1 &, WG
TUVIE 8, X 22 AR EAT 4 e 15 5] 46 A~ 2 FUBE IR X
FaAE G B 22 AR IE B TR A 27 A4, i RN A
19 A4, FEAAFGNG IR IH I AR A B NE 2 Fn SR 2L 6 X
W, X LG IL 2B 2R 25 41 SRR 2 v 22 A e & i
BB 2B A T (19 20 AN 5 11 48 8 v 55 2 A mT
[ 22 AR 5 1026 B = 750 a4 AT R 26 ARy, Hid
LU 2R 85 22 W 245 245 20 R B 26 (58 v 4 2 i ( Sphingosine ) |4 ) 4
2 Ji% ( Phytosphingosine ) | — & % 4 % ( Sphinganine ) | fIH [#] [i%
( Cholesterol ) #1 o — W J§k [ ( alpha — Linolenic acid ) Z& {0 it 4
TP E TP <0.05) , WillER (Linoleic Acid) 2RS4 &
HEETRE(P<0.05) , A& 4l #E, AT IX
K9,

3.4.3 R#ptER S M2 T S A MetaboAnalyst 6. 0
PR32k i A A1 T 4 B o 6B Impact > 0. 1 (4 X 3518 B iF 47
38, D48 DT IX &1 10 o 2 T PR 55 K BRL 2 5 v IV i 78 A i

F 2 REUFEHR o TR EENR IR & it (x £ 5) Bf7.mg - g
2H 5 n NC MOD L - CFP M - CFP H - CFP

2R 6 4.465 +1.374 0.990 +0. 529" 1.490 +0.557 2.281 +0.806 " 1.722 £0.271

i 6 1.166 £0. 147 0.039 0.018% 0.133 £0.098 0.253 +£0.189* " 0.207 £0.095 *
BT 6 0.077 +£0.040 0.006 =0.003% 0.022 +0.006 0.031 £0.015 " 0.033£0.014 "
TR 6 0.542 £0. 121 0.015 +0. 006" 0.070 +0. 046 0.149 +0.117* 0.147 £0.039 *
SR 6 0.074 £0.036 0.004 +0.003" 0.019 £0.017 0.019 £0. 006 0.028 +0.019*
A 6 0.066 +0.037 0.004 =0.002% 0.027 £0.015 0.025 £0.014 0.030 £0.016 "
R 6 0.016 £0.009 9 0.001 +0.000 2* 0.002 +0.000 3 0.001 +£0.000 2 0.002 +0.000 2

T ##5 NC 411048, P <0.01; = 55 MOD 41 14, P <0.05; = = 5 MOD 4 [b4%,P <0.01,
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