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mellitus combined with non-alcoholic fatty liver disease (T2DM-NAFLD) using urinary metabolomics combined with network
pharmacology. Methods Gas chromatography was adopted to determine the monosaccharide composition of Corni Fructus
polysaccharides. T2DM-NAFLD rats were constructed by feeding high sugar and high-fat diet combined with ip streptozotocin. After
intervention with Corni Fructus polysaccharides or metformin for 28 d, the effects of Corni Fructus polysaccharides on fasting insulin,
glycosylated serum protein, insulin resistance index and pancreatic tissue pathological changes in T2DM-NAFLD model rats were
investigated. Ultra-high performance liquid chromatography-linear ion trap combined with electrostatic field orbit high-resolution mass
spectrometry technology was applied to detect the levels of urinary metabolites in rats. Multivariate statistical methods such as principal
component analysis, partial least squares-discriminant analysis and orthogonal partial least squares-discriminant analysis were used,
and combined with MetaboAnalyst database to find the differential metabolites and related metabolic pathways among groups. Network
pharmacology method was used to explore the component targets of Corni Fructus polysaccharides and the targets of related diseases,
and to construct the protein-protein interaction network of intersection targets. The target network screened was combined with the
intersection targets screened by metabolomics for joint analysis of the same metabolic pathways, and Western blotting was used to
detect the protein expression levels of core targets. Results Compared with model group, Corni Fructus polysaccharides significantly
reduced fasting insulin, glycosylated serum protein levels and insulin resistance index in serum of rats (P < 0.05, 0.01), and improved
pancreatic tissue pathological changes. Corni Fructus polysaccharides could effectively regulate the urinary metabolic profile of
T2DM-NAFLD rats. Combined with multivariate statistical analysis and online database, a total of 62 metabolic markers with
significant changes between model group and control group were screened out. Corni Fructus polysaccharides could significantly
adjust 14 metabolic markers of them, which were mainly enriched in 21 metabolic pathways such as glyoxylate and dicarboxylic acid
metabolism, glycine, serine and threonine metabolism. The combined analysis of metabolomics and network pharmacology showed
that both involved two metabolic pathways such as glycine, serine and threonine metabolism and purine metabolism. Western blotting
results showed that after the intervention of Corni Fructus polysaccharides, the protein expressions of serine hydroxymethyltransferase
2 and deoxycytidine kinase in liver of rats were significantly decreased (P < 0.01), and the protein expressions of alanine glyoxylate
transaminase, glycine-N-methyltransferase and laccase domain-containing protein 1 were significantly increased (P < 0.01).
Conclusion Corni Fructus polysaccharides could improve T2DM-NAFLD through glycolipid metabolic pathways such as amino
acid metabolism and purine metabolism, providing a theoretical basis for the clinical application of Corni Fructus polysaccharides in
intervention of T2DM-NAFLD.

Key words: Corni Fructus polysaccharides; type 2 diabetes mellitus; non-alcoholic fatty liver disease; urinary metabolomics; network

pharmacology; glycine, serine and threonine metabolism; purine metabolism
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aminotransferase, AGXT) Piff (Fit5 FNab00224)
W H R EERAEMR A R AR & R-N-H 5
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AT T890A A AIE(L (SE[H Agilent A ] ).
2 7k
2.1 SHEEIEENE LSS SN BIEEMRK
2.1 HBEARAE S AT AR S o R AR
L-S 250 LB hidfhs . L-25 9 0%, D-A¥E. L-HE
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(A) -5 (B, BREEVEMN:: 0~5min, 2%B; 5~
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17~20 min, 2% B. fHi# 35 C; AHME 0.3
mL/min; BFFEE 1 pl.
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e T A (4 A AR o R B R R 3\ SIMCA-P 14.1
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component analysis, PCA) Fl iz /]> —3f-#1 71 43
(partial least square-discriminant analysis, PLS-DA)
FOWLHE R4 2% T2DM-NAFLD 7 K R A4 bR
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PCA #HT IE e/ —Feik-F15) 43 - Corthogonal
partial least squares-discriminant analysis , OPLS-
DA), Hi#fE 7% 7% B AU #E H (variable important in the
projection, VIP) >1.0. 2H i) % 5% 4L (fold change,
FC) <0.8 #(>1.2. ¢t &% P<<0.05. Benjamini-
Hochberg #5565 1% &K L% (false discovery rate,
FDR) <0.05 fiik 2w tE Y. R4 HMDB.
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Ll 2R B4 22 W PR BB ZH R0, SRE 2 W 55 SRS B
Smiles 5, i#id SwissTargetPrediction. PharmMapper
Helle PE i 8 L 2R 94 2 REAEAE FHAE mi. AT 44
FR (T2DM-NAFLD) ., #H 5% 2 (metabolic syndrome-
obesity-related liver disease dyslipidemia). &I A/L
(insulin resistance. glucose-lipid metabolism crosstalk )
SRR IR, f58) OMIM. TTD. Genecards
LK PRI SE T2DM-NAFLD (50 4E s, FIFAE
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2 T H. Venny 2.1 #4111 5 B8 2 HivE 70 S sSURI 093 I R
WOIEER, 15301 ILZKEE 2 ¥5iR97 T2DM-NAFLD [
TELEAT S 5 o 8 ) B8 AT JEL S I 4D 1 24 1 22
122 E 2y 5 N STRING 12.0 %45 ZE A1 Cytoscape 3.9.1
B, MEILZEEZERIT T2DM-NAFLD H&EH
J-S A iAH EAEA (protein-protein interaction, PPI)
P2 P o B P R TP IS R S E A% B A
S\ DAVID H#f e %) 8 5 h 4T FE AR (gene
ontology, GO) IIfeN& KEGG i@ig s &5, FIH
TUAAS T & X 4 AT TR .
2.6 Western blotting #&LLIZE3a Z HEXT T2DM-
NAFLD 1281 X 5 BT A% $8 R =ik 9 520

BT REE . PAEAAEY A, AR 4
AR Z R ) SHMT2. AGXT. GNMT,
WA ) DCK AT LACC1 1E A% o8 k4752
UOU0IE . B R RATHEZHEN, I AR FE o
B, BORIUE T, BBV AR . B R
b I BB RN - RN IS e B R vk, R
PVDF fi&, T 5% Ml 4= @b 3t b1, 23 i SHMT2,

AGXT. GNMT. DCK #1 ACCI #ifk, 4 CHgE T
B PEBMAN 30, =RMEE 2h, BelEMA ECL
R ER, RAFEUE N TIFF #0056 - A
F Image J #A4%F 2615 IR FEARLIEAT 73 H7 o
2.7 FirEST

KH SPSS 26.0 AT HIE S b, 24
P LRBER F B R R 7 220 MT, 2L IR R LU R
LSD-s fr ey, #Z5HRLAX £S5 EIR.
3 %
3.1 WLZREE PR R AEA R A

B 1-A bR R AR TGS, K 1-B
NIZEPE L HERE i B o S Bl A AR B I TR ) L
B S BB AT e A, R AR AT
BT, IAEE 2 WERE P SR O B AR B
PLAME. AEENE. H BN, manE. kale, H4A
RCECA39 12 2.09 5 1.02 5 7.4 1 9.65 1 19.99,
32 WZEH L EEST T2DM-NAFLD #& & KX
FINS. GSP 1 HOMA-IR B0

W 1 s, SR b, B4 K B FINS.

- = e -

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

t/min t/min
A-BLPERRAE IR A VAR S B B-IL RS MR (S B 1-L-WZEHE, 2-L-FIRidehl, 3-L-AWENE, 4-D-AWE, 5-L-HFWE, 6-D-H&NE, 7-
D-F:FLH .

A-chromatogram of mixed solution of monosaccharide control; B-chromatogram of Corni Fructus polysaccharide sample; 1-L-rhamnose, 2-L-arabinose,

3-L-fucose, 4-D-xylose, 5-L-mannose, 6-D-glucose, 7-D-galactose.

1 IZRBE SRR B YR AR A

Fig. 1 Analysis of monosaccharide composition of Corni Fructus polysaccharides

F£1 WZEHEZES T2DM-NAFLD &2 K5 FINS. GSP 1 HOMA-IR B840 (X +s,n=06)
Table 1 Effect of Corni Fructus polysaccharides on FINS, GSP and HOMA-IR in T2DM-NAFLD model rats (X £ s, n =6)

2H ) 7 &/(mgkg™) FINS/(mIU-L™") GSP/(mmol-L™") HOMA-IR
papiS — 4.19+0.76 5.2340.54 1.01+0.16
it — 6.631+1.04" 7.68+0.38% 6.17+1.81%
B 200 4564035 6.24+0.65™ 3.21+£0.30™
L2 2 75 5.5640.49" 6.8840.76" 5.1540.92
150 5.70+0.49* 7.07£0.50 4.8940.48"
300 5.0540.55™ 6.38+0.36™ 4.154+0.35™

EXHRALEE: #P<0.05 #P<0.01; SERAKE: "P<0.05 "P<0.01, £2I{.
#P<0.05 *P<0.01 vs control group; "P<0.05 **P<0.01 vs model group, same as table 2.



* 5468 »

FED 2025FE8H $56% BISH  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 15

GSP 1 HOMA-IR & (P<0.01); S
LLie, Seh 254 FINS /KF &K (P<<0.05.
0.01), —HIBIMAALZ 8 2 BEK. =il R4 GSP
KPR AL (P<<0.05. 0.01), —HI AT AL %
BIL R | EE 4] HOMA-IR 35 41K (P<<0.05.
0.01).
3.3 LUZKBEZHEXT T2DM-NAFLD 128 KRR
‘RLAFRIE T AIR MM

W 2 Frow, G RRZE K BRI S Al e 30 e
ot WIUNE NS 7 E P I 5 U 2 R - a2
By s, MMEERD, e, M SR,

PR A R W S K A2 25 AL 5 2

i
259 v,

IZRBE 2

BE 150 mg-kg ™!

M4 05 396 AR FE g%, s =g n. FH
Image J FAFXT R B 40 B i I AR A B2 04T E &, VR
MR R AR B0, 25 R 3, SR
B, TR OUMICZEL K OB 5 A ) ELAR S 2 e T (P<<
0.05), 1112 B3 22 Wl v 711) et 4 K B0 R 8 200 e ) T AR AN
BAKEZEI (P<0.01), FILZE0E 2R
4% T2DM-NAFLD A58 K B 1 F 5% 40 B i A 16 o
34 KiFEZSH

341 Zgiitatr HHRKRIRBEA PCA 15
STEILE 4. B PCA ERTHEN, 1E 95%HEAS X ]
P, 2R B 2 B A A 2520 5 50 PR AL R AE PR 5540 28,

HSBARARENI R TF: = I S RA .

Y.
L,

X

INZEBEZPE 300 mg-kg™!

WEOEEL IR AR BRI, AT LTS IR T AR s PR S IR ST N AR R SO R

Yellow arrow indicates a decrease in number of cells and a sparse distribution; Red arrow indicates a blurred cytoplasmic boundary; Black arrow indicates

presence of transparent lipid droplets and numerous vacuoles in cytoplasm.

B2 LZREZHEXT T2DM-NAFLD #RE K FRRBRBALRIBE UL RIFNE (HE, X40)
Fig. 2 Effect of Corni Fructus polysaccharides on pathological changes in pancreatic tissue of T2ZDM-NAFLD model rats

(HE, x 40)

o 357 250-
g- 30 sk . "
g - g 2007 ##
é 20 i @ 150+
= R
= =
E 15 = 100-
= 10 oy
S ﬁg
g ol 50

0- 0-

MR R CEXAL 75 150 300
%5 ZHE/ (mg-ke ™)

SXRA L #P<0.01; SHRABALLE: "P<0.05 “P<0.01, E 12 .
#P <0.01 vs control group; "P<0.05 **P<0.01 vs model group, same as Fig. 12.
B3 HEXRBRDMEHERMER (X£s,n=6)

Fig.3 Area and diameter of islet cells of rats in each group (X £s,n=26)

SR OB HXUIN 75 150 300
IIZEBE 2 B/ (mg-kg )
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A B
! ° B
60~ 40 ® b
8 30- o I U
40- ® S WIZEBELHE 75 mg-kg™!
" - 20 ® & B B0 150 mg-kg !
10- .$ B 2R BEZHE 300 mgkg !
T o ® T o0 ——* O g Qc
= = ® “Bey Jo
20 10 ® .
-20
® 30 ® )
60 ~40-
—80 T T =50 T T T T T
-100 =50 50 100 —-100 —60 -2 20 60

0 0
{[1] {[1]
B4 IE (A 72 B) BFEATZEXRRREES PCA BHE
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2 WEKHEZESTIEHLETHE T2DM-NAFLD X RRE R SHIREY)
Table 2 Urinary metabolic markers in T2DM-NAFLD rats after intervention with Corni Fructus polysaccharides high-dose
group

o AT . COkhME W RE BRI vs KB Z
F5 Bt Rt fr/min i) ) (X109 4+ ¥x  HMDBID  VIP SIRAL A s BRI
1 IEEF 2-HFETHHZR 3.139 1600961 160.0968 —4.37 C;HisNO; HMDB0000339 345  |* 7"

2 EEET HRK 5646 180.0652 180.0655 —1.67 CoHoNO; HMDB0000714 14.71  |* ™

3 EET L-LBRER 7274 1741130 1741125 287 CsHisNO; HMDB0011756 459  1* ™

4 IERT 400 TR 1188 146.0919 146.0924 -3.42 CsHiN;O: HMDB0003464 3.60  |* 1

5 IEET 4-MER 2.807 184.0608 184.0604  2.17 CsHoNOs HMDBO0000017 2.13  |* ™

6 EET 2-HETHHER 6645 760391 760393 -2.63 CHsNO, HMDB0000123 548  |* 7"

7 EET N-LEHER 3468 158.0815 158.0812 1.90 C;HuNO; HMDB0094701 1.61  |* 7"

8 IEET DL-O-BEMZEAM 1108 207.9978 2079981 -1.44 CsHsNOsP> HMDB0001721 1.09  t* I

9 MET GRK 5630 178.0507 178.0510 —1.68 CoHsNO; HMDB0000714 2234  |* ™

10 BT PSR 8212 193.0507 193.0506 0.52 CiHioOs HMDB0000954 5.61  |* o

11 HEF N-TEHER 2.035 144.0667 1440666  0.69 CeHuNOs HMDBO000080S 4.36 | ™

12 HET PRI 1.430 180.0334 180.0336 -1.11 CsHiNO4S HMDB0014797 132 |* o

13 ST 3-HIR- TR 1456  202.0881 202.0874 346 CpHuNO2 HMDB0002096 1.19  |* ™

14 BT 33T 7792 1510403 1510401 132 CsHsO; ~ HMDB0000440 1.09 1 "
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Fig. 8 Results of urine metabolic pathway analysis
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Fig. 11 Mechanisms of synergistic pathways of genes and metabolites diagrammed
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