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1B, IL-1B)+ IL-6. MJREERBEIA T--a (tumor necrosis factor-a, TNF-o). N . (malondialdehyde, MDA) 7K-F-FITH &M & 3
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Abstract: Objective To explore the mechanism of intervention of Shanzhuyu (Corni Fructus) polysaccharides in type 2 diabetes
mellitus (T2DM) rats based on metabolomics. Methods A total of 10 male SD rats were selected as the control group, while the
remaining rats were induced to construct a T2DM model using a high sugar and high-fat diet combined with streptozocin (STZ). The
successfully modeled rats were randomly divided into model group, metformin (200 mg/kg) group, and Corni Fructus polysaccharides
low-, medium-, and high-dose (75, 150, 300 mg/kg) groups, rats in each group were given drugs in the morning for four consecutive

weeks. Before the last administration, the rats were fasted for 10 h. After anesthesia, blood was collected from the abdominal aorta and
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serum was separated, while liver tissue was taken. Kit was used to detect levels of total cholesterol (TC), triglyceride (TG), low density
lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), interleukin-1p (IL-1p), IL-6, tumor necrosis factor-a
(TNF-a), malondialdehyde (MDA) and activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST), superoxide
dismutase (SOD). Hematoxylin-ecosin (HE) staining was used to observe the pathological changes of liver tissue. Ultra-high
performance liquid chromatography linear ion trap orbital trap tandem mass spectrometry (UHPLC-LTQ-Orbitrap-MS/MS) technology
was used to detect the level of endogenous metabolites in serum of rats, and principal component analysis (PCA) and orthogonal partial
least squares-discriminant analysis were used to screen and identify differential metabolites. MetaboAnalyst platform was used for
metabolic pathway analysis. Results Compared with model group, the body weight and blood glucose levels of rats in Corni Fructus
polysaccharides administration group were reduced, and the liver injury was significantly improved. The levels of TC, TG, LDL-C,
IL-6, IL-1B, TNF-0a, MDA and activities of AST, ALT in serum were decreased (P < 0.05, 0.01), HDL-C level and SOD activity were
increased (P < 0.05). A total of 35 potential biomarkers related to T2DM were screened by serum metabolomics, and 29 biomarkers
were regulated in Corni Fructus polysaccharides administration group, which mainly involved 22 metabolic pathways including
phenylalanine metabolism and biosynthesis, taurine and hypotaurine metabolism, ether lipid metabolism and pyruvate metabolism.
Conclusion Corni Fructus polysaccharides can effectively improve the glucose and lipid metabolism disorders caused by T2DM,
alleviate liver damage, and achieve the effect of treating T2DM, which may be related to the regulation of amino acid metabolism,
glucose metabolism, lipid metabolism and other metabolic pathways.

Key words: Corni Fructus polysaccharides; type 2 diabetes mellitus; UHPLC-LTQ-Orbitrap-MS/MS; metabolomics; amino acid

metabolism; glucose metabolism; lipid metabolism

2 FRUHEIRIA (type 2 diabetes mellitus, T2DM)
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AR AT]; SJHERE (total cholesterol, TC) il
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(interleukin-1p, IL-1p) Fr MHAGH & (415 H002-1-2)
IL-6 K lRF7 & (S HO07-1-2) MEAFE R 1o
(tumor necrosis factor-a, TNF-a) #RFIE& (L5
HO052-1-2). HEMEALEG (superoxide dismutase,
SOD ) # Ml l & (#t5 A001-3). N
(malondialdehyde, MDA) 7 & (5 A003-
D WERE R R TR, Bl i H
1% (it 2% ) 1 E 3% [E Thermo Fisher Scientific 23
1.4 {43

Ultimate 3000 7Y /5 R0 AH (235X« LTQ-
Orbitrap XL i #%{X . Varioskan LUX % I BE AR+
SPD2020-230 B E A k4 (£E Thermo Fisher
Scientific A7 ); FSU-1200 BAGT RN (52
B RS A PR AT ); IW-3021HR M B Ol (%
WEE B R A TR A D Milli-QPOD AL 4lizK
%4 (£ E Millipore AF]); Z KE 4R b
1 CF IR MBS AR,
2 FHiE
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B 1L 2R B 25 M 50~60 CHEFE T2 h,
iR, FEEARE, BRRPIRH, A 8 fF
& 95%CHE, 90 CHN#AMENR 4h, JEHIRE, FFiE
FRA T, BRI 10 5EAMAK, 90 Thnk
[ 4 h, JEIE, JERIRGEE] 1/4 A BURSET,
KH Sevag VERRTEH . WWLE AR, A 4
58 95% LRSS, #E 12h, I, &N
TV, AT BRI 208 2 50, SR F 2K 10 - R R
P L2 2 PR B, L2 2 MR R 4
KT 60%.
2.2 T2DM KRIEEAEL

70 R SD AV BUE RPEFE | A5, BEHLIE
10 RAENXTIRAL, 45 Trmimel, Ha 60 JAE
NIEREA, FELE 4 G T e RS, BTE K
REAEEAZEK 12h, EHRA KR ip 30 mg/kg STZ ¥
W, IR KR ip SRR R Eh g2 ri O, 43 il
THMES 3. 6 K, KRZEEAEEKSh BIK
I 2 B o, DS 2 W i fE(E > 1101
mmol/L FIRFEE 2. £, ZIR. I E FFSE
FEAR, WAIE RS .
23 DHEARBH

AR T K SR AL 2 B R ZH . — H XU
(200 mg/kg) MZHFNLLIZEBE ZHEAC, . =il & (75,
150, 300 mg/kg) 4. HAZARNREH LA ig M

N2, xR ig A2 B ER /K (10 mL/kg),
1R/, ESEE 4 . IR, X REZH S, T
Tkl HARSHS TEiEs e & HRE KR
H# R0
2.4 HMFEFR
241 PRFIE. MPEHOR  BREFE LK R A
Jis, FENE R RIBEE. RKIRGZRIEEE 12 h,
PRE 2 R BT &, 0 K B2 I I B
242 HALFRFREGI RIRZ525)5 1 h REE, 1E3:
FFKELM, 3 000 r/min Z.0» 10 min B EJZ MG 5
B, BT-80 CLRAFS . H-80 CURAFI ML
A, 4 CCHEV, R IR ST B P I i
MmAgfe#kr (TC. TG. LDL-C. HDL-C), HTIhhtts
Fr (ALT. AST), #%ERFF (IL-1B. IL-6. TNF-a),
HEAIER (SOD. MDA) /KF-.
2.4.3 JFEEFREONE  RGEEGH KRR L, %
AR ER KIS, MR E RS, S8 EHE T
A% L EH BT, THEFERE

FFF 6 250 = YA 5
244 JFEHZUREZNEE  SHRBRITIFHLR A
4% % RHEER 2, CRERUKEAEa, Uk, H
HARR-FA (HB) Yo, b B g A
SV R 2EAR A
25 RBLEFSH
251 KRUMEEESMH % KiEFT-80 Tk
FRM SR, 4 CREVER. R EEA M R
i 100 uL B F 1.5 mL B8 S, A 900 L H
BE-< G (101D TIREIRG# E, 2000 r/min & i€
5min, 4 ‘C. 13 600 r/min &.(» 10 min, H{ L&
900 pL, BT HTWGECTH: 4 h, BUH, I 50
uL 80% FEEE I, J4JiE S min, 4 ‘C. 13 600 r/min
20 10 min, HU_BEW, .
252 EFEAMHIE  BRAHHE 2 A MEREA,
I3 AR 100 pL B TR — B0 E , WIEIRA, 1%
f8 “2.5.17 TURJ7yAb B, FF i iE QL 22 i
ME Rg it e 5L,
253 il ik %A

(1) i 444: Poroshell 120 SB-Aq Tkt (100
mmX2.1 mm, 1.9 um), Poroshell 120 SB-Aq Fiif¥
(5mmX2.1mm, 2.7 um); FENAAN 0.1% HF ERKIE
W (A -CfE (B, BEEBEML: 0~5min, 2% B;
5~7min, 2%~60%B; 7~12min, 60%~100% B;
12~15min, 100% B; 15~17 min, 100%~2% B;
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17~20 min, 2% B; i 35 C; HBUAE 03
mL/min; #FFEE 1 L.

(2) stk K ESI B 5 1R, 94
#30 Full Mass, 20 #5850 0005 35 4 5% 20
Dependent-MS?, 43 #2460 000, filf-4# (8 & 25%,
PG R YA m/z 50~1000. 15 7R #5544
FURE 40 arb; HBIARBUR E 10 arb: 551 iS5 H
FE 42KV BTALRE R 300 C; BA1E /L 23
V: BEHEEE V. BRI AR R 40
arb; FBN SRR E 10arb; B WL 3.5kV;
B TAEREIRE 300 C; BHEHRL-35V; BH
HLE-78.2 Vo
254 RGRENHEE  RGREMRER
RBEATVROY . B BERE AT o S0t 6 A1 T REA LA
FHTRG, REEE 6 FHFEAIZAT | BT EREA, B
HARG k.

255 HlRAE ot KR 4GHE S A\ MSDIAL
AP AT TRAL TR, AR EEHEE. TR B I )
XFFE SRR H A USRS SRS, 155
JRATEE . CREGITTE] 3 245 B DA S — A I AR 1)
B SBERFERE S SIMCA-P 14.1 #HTF
%4343 ¥t (principal component analysis, PCA) Fl1E
AN —Heiz-FI 5 7M1 Corthogonal partial least
squares-discriminant analysis, OPLS-DA). #R#&%
AR E A EAH (variable important in projection,
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0.8 #(>1.2 H P<0.05 figkz b, e
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HMDB. Mzcloud. PubChem. MassBank ¥ %
€ 22 A, BOBOTR T %) 5 s LL B R R AE X 43
T, RER0.01, KEeRRmERREm S
A MetaboAnalyst 5.0 fE £ % 4i:  C https:/www.
metaboanalyst.ca/) " FEATAC I E B = 50T .
26 GUtESH
KH SPSS 26.0 BAFATEIR GH T, 24
(] L3R B R R 5 2290 #, P LUK A LSD~
frge, Z5HRLAX £S5 FRw.
3 #R
31 KE—MRENE
S I RO EE R, IR HR A K BRURG FeR
BRI BRIEH. WEW. REYOKIER Bif
R RFEIG N AR5 B 4 K RO 2R 2 B
BRIBHREE, KRLHE, AR, HETOK
IR, IREWN AT E TR, A4 TG,
KB FRARAS R B B E
32  WZEHEZHEN T2DM AR IAREFM MRS
mE 1 foR, EEE, SXTRRALE, A
KB EA TR, pEEEE (P<0.01);
UG A )G, SERALE, FA A KRAE
JRE T, MUBEA PN, (BT REEE R
3.3  WIZEHESHER T2DM AR IMASFATThEERYS N
W 1w, SOHRAE, ALK R E
H1 TC. TG. LDL-C 7K*¥-J¢ AST. ALT &4 53
FhE (P<<0.01), HDL-C /K-35 F#K (P<0.05),
FFREFEE R T (P<<0.01). SRR R, &

-~ NC
-& MOD
-4 MET
-¥- L-CFP
¢+ M-CFP
-e- H-CFP

1

xR #P<0.01; NC-XHE4L; MOD-fAIA; MET-—F XN ; L-CFP-1LZE (K5 &4 ; M-CFP-Ih %872 4l; H-CFP-1L159d

mEA, NER.

#P < 0.01 vs control group; NC-control group; MOD-model group; MET-metformin group; L-CFP-Corni Fructus polysaccharides low-dose group; M-

CFP-Corni Fructus polysaccharides medium-dose group; H-CFP-Corni Fructus polysaccharides high-dose group, same as below figures.

1 LR ZHEX T2DM KR FREF MR (X+s,n=38)
Fig. 1 Effect of Corni Fructus polysaccharides on body weight and blood glucose of T2DM rats (X £ s, n =8)
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F1 WLZRELEER T2DM KR MBEFATTHEERISIM (X £ s, n=06)
Table 1 Effect of Corni Fructus polysaccharides on blood lipid and liver function of T2DM rats (X £ s, n =06)
el (m? i/ I)TC/(mmoLL") TG/(mmol-L ™) ( nfn?;f/ N (;ﬁ(ﬁg 1) AST/(U-LY  ALT/AU-LY)  FFEHe%
o HE — 1.48+0.11 0.38%£0.21 0.73£0.16 097+0.21 11.01£1.97 7.02£1.46 2.35%+0.12
Y — 2.58+£0.53*  1.15£0.54% 1.31£0.07% 0.56+0.22% 2226+7.55% 20.40+11.13#% 3.28+0.09*
ZHXUIK 200 1.84+£0.30"™ 0.77£0.19°  0.94+0.30™ 0.894+023 13.32£2.32" 6.90+2.82" 3.01£0.19"
IIPS-E2 75 1.87£031™ 0.77£0.14° 1234030 095+0.14" 1578+4.30° 11.02+3.25" 3.12+0.15
150 1.77£0.52"  0.78+£0.35° 1.00£0.10" 0.89+0.11 20.81%+3.50 10.72+1.87" 3.08%+0.16"
300 1.74+£0.33"  0.67£0.17° 0.89£0.15" 0.89+0.06 12994133 8.25+285" 3.07+0.21"

ERHRALELE:: #P<0.05 #P<0.01; SRR *P<0.05
#P<0.05 *P<0.01 vs control group; "P < 0.05

YEP5U TC. TG /KA ALT 3EMER B2 K (P<
0.05. 0.01); —HWATAFILZE L HEF . miflE
“H LDL-C 7K~FAUHIEF5 03 & PR (P<<0.05.
0.01); hZEPE Z P EL]L HDL-C /KFEE 5
(P<<0.05); W XUIRALAN 1L 2 85 2 I . wan7n)
AST iEMERZEIC (P<0.05. 0.01).
3.4 WZEHEEZHEX T2DM ARKERFRENN
HIEFRH RN

Wi 2 fiiaw, S5 R A, A 4 K BRI
IL-6. IL-1p. TNF-o. Al MDA /KFEETmE (P<
0.01), SOD JEMEEEFIL (P<0.01). HHIAALL
B, T FXUIRZE M3 TL-6. IL-1B TNF-o F1 MDA
K RZEFEIL (P<0.05. 0.01), SOD /K F &7+
fm (P<0.05); 2R 5E 2R S AL+ IL-1B-
TNF-o fil MDA 7K 2K (P<0.05); 8
ZREPFIEA IL-1B K PFRERIK (P<0.01); I
B L A A -6 IL-1B A1 MDA /K- 55 3% 4

“P<0.01, £ 2 [,

**P < 0.01 vs model group, same as Table 2.

ik (P<<0.05), SOD iHMEEZE T m (P<0.05),
35 LUZEEELHEXT T2DM AR ATFAEELARBIET 4
ZppA

WK 2 Fis, B K B/ 2H 2 s 0 58
B, HREASIER, REEW, FR2EERS
Ao AR ZH K BTN 2R SE A IR, T2
HEBHCEL, 40 M N A7 KB T i, AT O 2 4
Wi . SRR AL i, — XN K BT 2H 23 45
A B R OGE, ARz R B S5T ;1500 2 H
B 35 B KRR 2H 2 R 95 AR 15 1 35115 A [
FERI .
36 ARIBENXIFEZF S
3.6.1 UHEIE K UPLC-MS #HTIMLIERE FH K
S EFEE R, SHFEMEIE. A TEATH
ME TR LA 3. S AR5 S I A AL,
A& LRI S W T AR AE—E 22 5%, RIFKRAEN
A R AR AR

2 WERESHEN T2DM KR ZERF R AWM HMIEFRHIRN (X£5,n=6)
Table 2 Effect of Corni Fructus polysaccharides on inflammatory factors and oxidative stress indicators of T2DM rats
(X£ts,n=6)

25 FlE/(mgkg!) IL-6/(pgmL™") IL-1B/(pgmL™") TNF-o/(grmL™") SOD/(U'mL™")  MDA/(nmol-L™")
Xof e — 1.74+0.99 431+0.87 7.77+3.21 70.61+£2.74 3.75+1.12
TR — 5.8340.76* 7.81+1.61% 16.324+2.11% 60.27+9.17% 5.3740.91%
ZHRUIE 200 2.66+1.42° 4.93+091* 10.5243.39* 69.42+5.83" 4.03+1.11
P TES 75 5.23+2.94 5.94+1.30" 12.36+3.25" 58.01+£2.77 421+0.68
150 3.66+1.87 5.36+1.82" 15.48+1.89 65.08+2.72 4.85+1.07
300 2.53+1.18" 5.58+1.46" 13.2740.57 69.22+4.52" 4.12+0.62°

NC MOD MET

S L o Pl FONE * T A e VAN R Ly
L-CFP M-CFP H-CFP

2 WLZREEZHEXS T2DM KR ATBEHALRIE T AU (HE, X20)
Fig. 2 Effect of Corni Fructus polysaccharides on pathological changes in liver tissue of T2DM rats (HE, x 20)
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3 MAEHAELE A). fi B) BEFEATHEZEFRE

Fig. 3 Total ion chromatograms of serum samples in positive (A) and negative (B) ion modes
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5o S AREAALE 95%I1 BLAS X 8] A B AT LB 2R
N, HEHZIEH RS
N T EE RS AR R, DT

B Y OPLS-DA. OPLS-DA 1347 (& 5)
WoR, BRI 20 5L Ay Bk g, UL
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g0 100 50 0-50-100 6040200 —zomd | MET
: o B
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B4 IE (A f1 B) BFEXTRRIUEHR PCA F5E

Fig. 4 PCA score plots of rat serum samples in positive (A) and negative (B) ion modes
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30 000 MET 08 - ¢
mL-CFP :
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10000 > H-CFP 04 Ba 20
* Qpr. | BERm ..
o 0 0.2 -
C:«. " P ﬁ 0 _,-i‘
£ 10000 ? N
= 220 000 6 0.2
~30 000 -0.4
—40 000 - -0.6 -
=40 000 20 000 0 20 000 ~0.2 04 06 08 1.0
1.002 81*t[1] HHRRHL
C A mNC D '\ @‘/RL2
=MOD ™Y,
15 000 Vi N | 1Y [——— °
10 000 =k/i-CcF1-PP 06
5000 @0' H-CFP 0.4 °« - -
T Sgsl | e m
*0 0. " -
0 0 = e
g 5000 %0 I
~ =10 000 -0.2
~15 000 : 0.4
~20 000 - 06 . =
—20000 —10 000 0 10 000 -02 0 02 04 06 08 10
1.002 25%t[1] HHRREL

A, B-IEEFER; C. D-fsFiat.
A, B-positive ion mode; C, D-negative ion mode.
E5 KRIMFEHME OPLS-DA 557E (A, C) K 200 XREMELKE (B. D)
Fig.5 OPLS-DA score plots (A, C) and 200 substitution test chart (B, D) of rat serum samples
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Fig. 6 Volcano plots of differential metabolites in different groups of rats
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3 T2DM KR MEEMRED
Table 3 Serum biomarkers of T2DM rats

= Wi - - -
E; R wmin  m/z AT HMDB ID Vm1§§f£§£xéziéz
IEBF 3-M| e I R 8.681 190.0858 CpiH;NO; ~ HMDB0002302  1.37 ! 1 1 1
E B D-75 3 W e - 1 - R 9.112 380.2553  CisH3sNOsP  HMDB0000277 3.0 1
EBT L-RNAR 1.759 166.0858 CoHiNO, ~ HMDB0000159  4.03 1 ! ! |
ERT LR 0.985 175.1184  CeH1sN4sO2 ~ HMDB0000517 1.59 1 My !
EET L-tVE iR 3.179 159.0913  CnHi2N2O2  HMDB0000929  1.26 1 ! ! !
IEE T N-ZBE-DL-2 2R 1.468 174.1119  CsH;sNOs HMDBO0011756  1.22 ! 1 1 1
IEST 82 ENER 9.262 357.278 0 C24H4004 HMDB0000518  3.53 | 0 0 1
BB H R AR bR 0.997 258.1097 CsH0NOgP  HMDB0000086 3.21 |
1EB T WU 1.033 132.076 4  C4HoN30; HMDB0000064 220 |
BB T FRIE AEERR 1.452 165.0542  CoHsOs HMDBO0001713 126 |
IEB T B AR EEAEAR(0 & 0/18 © 0)10.365 524.369 7 CHseNOP  HMDBO0011128  6.69 | 1 1
EB T #IMBEARELAEAR(16 © 0/0 : 0) 9.781 496.338 6  CsHsoNOP  HMDB0010382  7.13 1 LA A
EB T B AR ELAEAR(17 © 0/0  0)10.035 510.3542  CysHs2NOP  HMDB0012108  1.97 1 ! ! o
EB T B ARELAEAR(18 © 0/0 : 0)10.308 524.3700 CsHseNOP  HMDB0010384 628 | oy P
TE BT ¥ it % A5 Mk AH Bk (O-18 @ 0/11.130 510.391 1  CasHseNOsP  HMDBO0011149  1.88 1 LA A A
0:0)
IEB T BHE 1.039 140.0679 CsHi2NO: HMDB0000043 379 1 A 1
IES T A IRmR M i 11.768 284.294 4  CisH3NO HMDB0034146 220 1 ! ! !
BB T iRt 10.167 2822789 CisH3sNO HMDB0002117 3.09 1 LR A
T F 2-28 L B-D-MEMGHIZHEE 1.019 307.1143  C1aH2006 HMDB0029819 1.26 1 A 1
OB 2- AR R 0.962 143.0351  CeHsOq4 HMDB0002266 1.61 1 LR A
T 2- TR 1.663 115.0403  CsHsO3 HMDB0001865 2.07 | 0 1
BT D-(-)-ETH 0.934 230.899 8  C7H 1205 HMDB0003072 1.07 1 LR A
FUB T L5V HER-y- N B 1.080 177.040 5 C¢H10O6 HMDB0003466 1.09 | 1
FUBF PR EE-B-D-H Z FEENER 7.385 283.0820  Ci3HisOr HMDB0011686 1.67 1
FUE T BIRRIMITR 12.029 453.3947  CisH3403 HMDB0034297 1.11 1 LR A
T NERR 1.135 87.0090 C3H403 HMDB0000243  1.50 1 LA A A
T HEIRR 11.279 4713474 C30Has04 HMDB0011628 1.39 1 LA A A
F1E T BRIAMR 17.610 112.9857  C4HeO4 HMDB0000254 2.14 1 [ A
U IR 3.442 283.0683 Ci1oHi2N4Os  HMDB0000299 1.08 1 LA A A
T RIR 5.674 178.0509  CoHoNOs3 HMDB0000714 2.69 | 1 1
LB+ AR 0.988 124.0075 C,H/;NOsS ~ HMDB0000251 2.13 | 1
BT 5 I I Ik 20 W5 % (16 © 0/ 9.422 452.2776  C2iH4NO7P HMDBO0011503  2.62 1 [ A
0:0)
FUBS - VA I B IR WE £ B 1% (20 ¢ 4 9.378 5002771  CasHuNO7P  HMDBO0011517  1.81 1 LR A
(52,82,112,142)/0 : 0]
BT 4iE R C 1.273 175.0248  CsHsOs HMDB0000044 2.09 1 A A A
T RERAEER 10.658 393.2999  C24H4004 HMDB0000946 236 1 ! ! !

1% B, |RRT I SRIAEE: TP<0.05

1 means up-regulated, | means down-regulated; P < 0.05

¥P<0.01; L-CFP-ILZEBIIRF R M-CFP-ILIZEBEhff RAl; H-CFP-1LI 28 i el
*P <0.01 vs model group; L-CFP-Corni Fructus polysaccharides low-dose group; M-CFP-

Corni Fructus polysaccharides medium-dose group; H-CFP-Corni Fructus polysaccharides high-dose group.
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Fig. 7 Heat map of serum biomarker cluster analysis in each group
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