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 E: B HRABKEER LEETAL (ethyl acetate fraction of Cyanotis arachnoidea, ECA) %f 2 BUPEJRIF (type 2 diabetes
mellitus, T2DMD /NRIVECESEH KHMH] . FiE i IR ERIRECS ip SEIR{E W 2 @ 7 T2DM /MRS . ECA T
4 JJG, A ECA Xt T2DM /) U M AR M AR AL FE A e AL SRR R AR AL RS o SR P IR0 1) Q20 2 40T 252/ BRI 35 v AR
WPE A K BT S ARE R o SR S OB - DU AT RATB R RS R ECA KM, 456 W48 2B 5 5 v i
ECA 3% T2DM fISCHERE 4 S, M Western blotting SIS E AFRIL. LR ECA WA 3N T2DM /M
P B B2 PR T2DM /MR SR IRE (P<<0.01), SCEBET & B8 FHG R B IE B % /KF (P<<0.01). ECA W B2
5 T2DM /N ERULIE = i ORI A% 5 i 2 o T e DA % s % P8 i 2 AR L /K P (P<<0.01), ZR AR RN iR
TG ARUAHZEMTER, ECA EZE 18 FhZE R AU S H i BE AU M= AU DL iR P AR . )
PP LE R R, ECA IREIE AN B O WEEs B1. BEARELIETE 4,5- B8 3-BE L5 o FEIR & ERIES-3B (glycogen
synthase kinase-3p, GSK-3B) Z5#E /-5 FIMERVLEE 3-34HE (phosphoinositide 3-kinase, PI3K) /& ¥l B (protein kinase B,
Akt) {55 T2DM. Western blotting S5 %%%EU%, S5ERAE R, BECA W3 Fif/NRAFAEAHZIH PBK. Akt. GSK-
3B BERRAL K (P<<0.05. 0.01). Z5i¢ ECA AIASET % PI3K/AKt il K Wk 52 AC U RS 250k T2DM /N BB RE AT = 3
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Mechanisms of ethyl acetate fraction of Cyanotis arachnoidea in improving mice
with type 2 diabetes mellitus based on metabolomics and network pharmacology

QUE Hanyun, AKIDA Adiham, ZHANG Zhongrui, ZHANG Le, GONG Puyang, GU Jian
College of Pharmacy and Food, Southwest Minzu University, Chengdu 610041, China

Abstract: Objective To explore the therapeutic effects and mechanisms of ethyl acetate fraction of Cyanotis arachnoidea (ECA) on
type 2 diabetes mellitus (T2DM) in mice. Methods A mouse model of T2DM was established by administering a high-fat diet
followed by intraperitoneal injection with streptozotocin. After ECA intervention for four weeks, the effects of ECA on serum
biochemical indicators of glucolipid metabolism and histopathological changes in T2DM mice were evaluated. Untargeted
metabolomics was employed to analyze metabolite alterations in the serum of mice from each group and to identify the involved
metabolic pathways. The chemical constituents of ECA were characterized using ultra-high performance liquid chromatography-
quadrupole time-of-flight mass spectrometry. Integrated with network pharmacology, the key target groups responsible for the
ameliorative effects of ECA on T2DM were screened. Furthermore, the expression levels of these key target proteins were validated
by Western blotting confirmatory experiment. Results ECA effectively increased body weight and significantly reduced fasting blood

glucose in T2DM mice (P <0.01), and improved glucose tolerance, insulin resistance and fasting insulin levels (P <0.01). Additionally,
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ECA significantly modulated serum lipid profiles, including triglycerides, total cholesterol, low-density lipoprotein cholesterol and
high-density lipoprotein cholesterol (P < 0.01), and alleviated pathological injuries in the liver and pancreas. Metabolomics analysis
revealed that ECA primarily regulated metabolic pathways such as glycerophospholipid metabolism, purine metabolism and lysine
degradation, which were mediated by 18 differential metabolites. Network pharmacology results indicated that ECA might ameliorate
T2DM by targeting key molecules including protein kinase B1, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha,
glycogen synthase kinase-3 (GSK-3), and modulating the phosphoinositide 3-kinase (PI3K)/protein kinase B (Akt) signaling
pathway. Western blotting results demonstrated that ECA significantly up-regulated the phosphorylation levels of PI3K, Akt and GSK-
3B in liver tissues of mice compared with model group (P < 0.05, 0.01). Conclusion ECA ameliorates glucolipid metabolism
dysregulation in T2DM by modulating the PI3K/Akt axis and restoring metabolic homeostasis.

Key words: Cyanotis arachnoidea C. B. Clark; type 2 diabetes mellitus; metabolomics; network pharmacology; glucolipid

metabolism; PI3K/Akt signaling pathway; rubrosterone; stachysterone D; 20-hydroxyecdysone

2 BUBEIRIE (type 2 diabetes mellitus, T2DM)
A& — i DU B 2 BT AR B IR AR = B AR AE (AR
W dEgiih, SERTEEN T2DM EE 2 4
N, BORIGHFRNZIEFE EFEE, sovaett g
PR B M 2 —2, HET, IGRIATT T2DM 1)
FEnG E LR B2, ARARAEAMAT R
R2yiasire, HAIAMRE 5 S 8BUR B DhRe sz 4 &
B i S N E A R FA R R A, R R 2B ia
T2DM EAMFFRIEIS IR FEE HARR, 24
FEH) RGN BARAE R 25 T2DM $i i F K
1) E R

#x /KB Cyanotis arachnoidea C. B. Clark 523,
E SR 2y, AT E AL (Commelinaceae) ¥
B & Cyanotis D. Don H1Z AT AMEY), BA*H
REs FEWS EIMEDG, FEMTHIT B A
BE PRI B 28 R 1 DG 1 9 S5 0561, AR 24 B 2 i 5T
LKW, BRI TR B (R e i & %
11 1 = 1= W AN 791 3 S 71727 L E 7 R e
RTS8, I ARB Fi s, Fa/K kG — HOSUIIA] 25 4
fik T2DM 3 FIFEAL AT & AN C KPPl [H]
W, K B A AT 20- ¥ 5 W KB 20-
hydroxyecdysone, 20E) 25 J7 25 [& B4 i, HHT4
W SPLRFEEYFIEIE AN Z BAEUE T2DM 4t
TYIFEERIN, SRT, FE/KEAYT T2DM K&
YE FABILH G AS B A

B, AUHZH AR O TRAE T2DM i
e F S 25y A LAAA R I 248 r el RERAE, T
IR K 2 E DL e i B 2 R 05, [
W, P 25 DR G BE AR v te T, Il
SR AR A5 S I AN R I AR A, )
2 M T 45 78 DL 2 553 N RFAE ) R 24 8 B AL
06171, AHIF 5T e ) e R R R IR RS ip R

fEB & (streptozotocin, STZ) 5T 1 T2DM /MR
AL, PEAL R K S IR L BRH6 47 Cethyl acetate
fraction of Cyanotis arachnoidea, ECA) KN 234,
T SR FH AR U 2 2 A 0 8% 24 B 2 (1) 5 VR DSIER 7t
ECA T T2DM [MfEFMLE], AN EE K E 2
FMETT KR — 52 R R -

1 R

1.1 )

SPF 2 it CS7BL/6) /IR 60 R, 6~8 Jiik,
R 18~22¢, TWHILFEBFAEYRHEBRA
FRAF, SEEESPVFATIES SCXK () 2019-0008.
TRFEASEIRE 22~25 C, HXHEE 40%~60%,
HHEEUOK, 120120 RS BEEL . A
A B S B A 4 VG i RO R B e B2 7 2
feuE (iEHES NO.202212002).

1.2 75kt

BAREWET ZEA KRN TFEE2 G
JEYE, 27 R RO 5245 5 i 2 B L 2 4
TE NP G FRLE R B MK EE K C. arachnoidea
C. B. Clark [ T1548 .

1.3 #AR5

R WX (E 2545 H20023370, fit's
2410134) W4 BR7EHI 25 (TR A RA R STZ (it
5 S0130-1G) W H 3£ F Sigma A Al mfgtakl Git
5 XSYT-020105) 14 HAL R /INRA RAEVFAA IR
N FFERRANE MR (pH 4.5, LS C1013) WH
e ZRERARA T 0.9%FAER it
160711 14 B DY RME 2k B i FR A~ 75 6 261 4
(5 G617 B _Eifg 2 sk A BHE A B R 2
Ay JREFFSR (S H10890001) W HILI T
AR GERHIRTTEAF; FHHEME S
YSQN41-91D) g H gk AR AR oKL
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BE (Hlk 5 05.001.0170A O . = H X (it 5
05.001.0586A) I H AR T BHEAL 2 dh AT BR A ] 5 42
RGP Git's G1065) W H U FRYE /R A RHL
AIRAT: HEE (S 10603510000 L&k (it
5 73594-100G-F). #4iK. ZIEWEEE Merck
AW HEE ('S5 85178) M HEE Thermo Fisher
Scientific 2+ 7); ECL Wil (#t'5 WBKLS0100)
g 5 £ E Millipore A5 /NRIFEEZE ELISA 57
i (5 MU30432) 1 B aCBUBSRAEYI BB IR
] BJEIEEE (total cholesterol, TC) RAF& (fit
5 C048-f). = H i (triglyceride, TG) 7 &r (it
5 C06l-a). % L8 HHEEE Chigh-density
lipoprotein cholesterol, HDL-C) 5] & (#t5 C069-
b). K& E G E A EE (low-density lipoprotein
cholesterol, LDL-C) i{jfl& ({it5 C070-b) MHK
FILITEMEARBAIR A EEEEE B (protein
kinase B, Akt) Hifk (Hit'5 YT0185) Iy H % H
ImmunoWay 2 "] ; H il B -3- B R M A
(  glyceraldehyde-3-phosphate  dehydrogenase
GAPDH) #ifk ({it'5 AF7021). FEERIILEE 3-W4iE
( phosphoinositide 3-kinase , PI3K ) Hr ik (it 5
AF6241). p-Akt fiifk (b5 AF0016). ¥ 5 & mity
WIE-3B (glycogen synthase kinase-3B, GSK-3p) Hifk
(Jit5 BF8003). p-GSK-3B Piffk (Hit5 AF2016). p-
PBK ik (L5 AF3241) I H 3£ E Affinity 2.
14 (Y&

ARG MAEA C=VRAEYAR IR A IR A 7))

AUY120 #5387 KF-. Nexera UHPLC LC-30A 7
e BB A CH A By i A W] KZ-TI-F A
IR S A GRIUFEGE R AE R IR A F]D;
BK-200 244> B a3 A A 3 A A QL R R A R 2
FR/AF)); QExactive HF-X 7 PR AT -5 B R 45 754
14 (32 H Thermo A F]); Acquity UPLC #5524
TAH B RE A Xevo® G2-SQ-TOF Jfi 4% (3 [E Waters
AF]D; Xiande-2000A RUNEFE R A8 (g s
AL R AT]D; SHZ-D (1D BEH /KR Z A
TR (BRI RIS RHH AR A FD; PowerPac
Basic ! H13k1X (32 Bio-Rad 4] ); ChemiScope
6100 Bk 2RI G R Gt ( LI ER AR AR
NCIDR

2 Rk

2.1 ECA BYHI& RS 5

2.1.1 ECA K4 HX 200 g ARt 67 i s 25 /K

B, NN 75% 8 2 000 mL, [A1ASREL 3 WK,
R 60 min, A IFFHRIOH, W47 2 TLEER S, H 200
mL ZKIEME, R AR BSES CEE AN IE T
R, WEERSIR OB 5y, e 2R R ERENE,
BN 200 mL 4K, B T-20 CRAASH.
2.1.2 UPLC-Q-TOF/MS ¥t

(1) 3% F: SRA Waters Acquity 1-Class it
B RGRA E R 48, BL# Acquity UPLC HSS T3
WA (100 mmX2.1 mm, 1.8 pm). HiEHH A K
(A) -ZJiF (B, BREEVENL: 0~15min, 10%~30%
B; 15~20min, 30%~40% B; 20~25min, 40%~
60% B; 25~30 min, 60%~90% B; 30~36 min,
90%~5% B AFJiE 0.3 mL/min; £ 30 C;
AR 1 L.

(2) FiiE4fF: KA Waters Xevo® G2-SQ-TOF
JRHEAX, Zpray™ HII 55 B TR, 16 RS RN
W, AR EEEN m/z50~1500, KEERAHE
LN 15~25V, mftEmbEE EE N 35~45V, HE
FLEEN 40V, BMHEEN 2 kV. FdEET
MassLynx V4.1 B4 REEFALEE
22 T, BIRS5%RZ

C57BL/6) /NRGE N PEMESR 7d J& , BEALIEEL 10
RUNBRAE NS R, 45T MR SE; 50 H/NR
PERIEREA, AT ERaERsE. 4 G, NREE
BARZEK 12 h, EHAIES: 7 d ip STZ W (40
mg/mL), XF AL/ ip SRR AT AR R BN % L
1 Fl)J5, ZHEIHE (fasting blood glucose, FBG) =
11.0 mmol/L RIFLMIEBLRL DO, N4 3 A5E s Ty 1) /I
R B AL 2 AR R 2 . — WU 200 mg/kg ) ZH AT ECA
ik, . mE (1.64. 3.28. 6.56 g/kg, 7MY
TIRRFIERRM 1. 20 445 DA, 410 H. {45
/N ig N2, SRR ig SR
MIZEMK, 1 Ikid, ESEZ 4 F.

2.3 MRS

53 JE A5 FH RS QORI %420/ B FBG . B )5 1 )8
AT DR &8 5256 (oral glucose tolerance test,
OGTT), RI4rHlF /N ig WA MR (1 gkg) )&
0. 0.5, 1.0~ 1.5, 2.0h K& EBER KM M & Mk .
TESRIREE AT 5 d AT B R & 555 (insulin
tolerance test, ITT), BI/NRZE® 6h )5, ip BES =R
(0.8U/kg), T 0. 0.5, 1.0, 1.5, 2.0h REEHE:
Jok I, IE B . BRI TR OGTT MITT I
PENZE AN (area under curve, AUC).
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2.4 HEIEFREIN R AR TRIEE M 52
RIRGH) G, NREEE ALK 12 h, BRAERUL,
4 ‘C. 3000 r/min #5.0> 10 min, B B3EH, BT
—80 CUKFIIRAF o K/ BB B 28 ELISA 575 il
SE ML R & 3K F, JF RSB R AR IR
(homeostatic model assessment for insulin resistance,
HOMA-IR). A4 H A4 70 HrASCRsil /s B S
# TC. TG. LDL-C fl HDL-C 7KF.
SN R IEFI IR, BT 4% 2 R
EEE e R, AEEEY R R 4 pm), 3
ITHARZ-FL (hematoxylin-eosin, HE) 4effy, T
B NSRRI .
2.5 MBEREEZEDR
251 DHTREARRISIS  MIEEEAT 4 TR,
R & RLMSE 100 uL F 1.5 mL .08, B 400
L HEE-2 0% (10D 5, 4 C. 14000 r/min 250>
20 min, HCEFETERER A, BEEEIIE .
2,52 Jii#% (quality control, QC) FEARMIHI& HL
FHMBEFEAR 25 uL TR — L8, IRIERA,
FERE “2.5.17 TR ik ab 2, B EiEWR TR,
HFENE, AT RGFEERHEE.
253 ik Waters Acquity UPLC BEH Amide
HILIC &34 (100 mm X 2.1 mm, 1.7 um), JRENHH
N 0.1%FBRKIFR (A) -2 (B, BAEEBERL: 0~
0.5 min, 2%B; 0.5~11.5min, 2%~98%B; 11.5~
15.5 min, 98% B; 15.5~17 min, 98%~2% B. #¥
H 35 Cy AR 0.3mL/min; BEFERE 1 uL.
254 k%M K Q Exactive HF-X {3,
RS PRGN m/iz 70~1050, H—2 K4
HER A 120 000, HzhiE i #EH| Cautomatic gain
control, AGC) HFRMEN 3X 100, K TIENES
]9 100 ms, i)y 7500, AGC Hix
fHH 2X10°, R EFENNTEY 50 ms, T H 5
REREIE AR Chigh energy collision dissociation, HCD)
PR, IH— e REE B E Y 20, 40, 60 eV,
R BT o m/z 1.5, 58 5346 m/z 200~2 000,
255 AL IRAE  {FH Progenesis QI A4
X oG 7 AT SR SR AR B AT B R R, A5
HMDB ${#f# % . Metlin. MASSBANK %5/A S 4548 122
SPACHIIEAT S . KRR 3 SIMCA-P 14.1
HEAT R4 7 #T (principal component analysis, PCA)
ANEAZ i fe /> — -7 73 #r - Corthogonal partial least
squares-discriminant analysis, OPLS-DA) A i fi /) —

e - A 7l 4> #t ( partial least squares-discriminant
analysis, PLS-DA). LA OPLS-DA v #H M #55¢
(variable importance in projection, VIP) >1. P<<0.05.
580481k (fold change, FC) >1.2 8(<<0.83 JiniH
ik 22 AR PR EA . i8Id MetaboAnalyst 6.0 A
(https://www. metaboanalyst.ca/) BEATACIH B EE 7347 .
2.6 MEHRFSH

FF 2,127 BURMEAARALST A, I PubChem
N ECA M % i SMILES %5, & i
SwissTargetPrediction 48 ZE FIIHE 55 . ££ OMIM,
DisGeNET F1 Gene Cards ## &+, LL “type 2
diabetes mellitus” o TR WAL R BE 120210, 44
T2DM Hi #8555 ECA /E HIHE i BUAZ 56, RV ECA
797 T2DM [P AERE i /] STRING #iodfs e 14T
& A - A AH EAE R (protein-protein interaction,
PPD Z3#7, KH Cytoscape 3.10.0 #f4-#4 % PPI ¥
EIFHATIRIN AT . KEOCHEEFE KU\ DAVID ¥
FEBEAT FE AR (gene ontology, GO) S i # AL A
H5RRNHAHTFR42T (Kyoto encyclopedia of genes and
genomes, KEGG) % EHEHr, FHEAT AL,
2.7 Western blotting #& | BT BE¢H 47 PI3K/Akt/
GSK-3p BHXERRIA

B2 /NER AR 2 2R, i N 2R A 12 B e 2R
H, i BCA A E KA ENERAWRE. HH
FE b e B R BN - S8 TR MG e Jie B LUK, B &
PVDF i, M5, 2alinA p-PI3K (111000,
PI3K (1 : 1000 p-Akt(1 : 1000). Akt(1 > 1000)
GSK-3B (1 :1000). p-GSK-3p (1 :1 000) Al
GAPDH (1 : 5000) #ifk, 4 Ci¢H L% TBST i
RS, IR ILES TR =P, EIRPFE 1h, I ECL
2 RO R
2.8 FitFESH

SEBGHHE K GraphPad Prism 8.0 F 43174
ot BAXEs FoR, RABEERTZDT, 34
S 3 UL B K H Dunnett’s £ a2,
3 R
3.1 ECA BJm 5534

EE TN ECA B FaiwE 1 xR,
K Masslynx 4.1 B4 BSEE 404, 4563
RBORE, SE5E H ECA Hfbsemisy 124 (R 1.
3.2 ECA X T2DM /NRIFFTEFRYHEN BRI

WK 2-A. B fion, SXTRRA TR, BRI N
R E T FHFE (P<0.01), BYHNELZEHY
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43 12
M

0 5 10 15 20 25 30 35
t/min
1 ECA B9 UPLC-QTOF-MS 2B FxE

Fig.1 Total ion chromatogram of ECA by UPLC-QTOF-

I (P<0.01); S LELE:, ECA F4 254 /N,
FREEEIE (P<0.01), ECA &FEHEWE
NETFW/D (P<0.01), R ECA 3% T2DM
N BB, PTREXMR B F A .
3.3 ECA X(E T2DM /MR AIFER S EL

Wik 2-C Fiow, 0 B4 P, A A 20 /)N i FBG
REE (P<0.01); SEAALLLE, FHZH/
f, FBG 132 2 F&(K (P<<0.01). OGTT FT-iF-A5 fi%
Ji% B 20 BRI D REFIATL A4 o) IO P 4 4 FH 281, 4]
2-D. F o, /DB ig Hi%&I0E 0.5 h J5 MEIE 2 i e
o, SxtiEdltbss, A OGTT ) AUC &3 T+
i (P<0.01); SR LLE:, ECA %45 2541 OGTT

MS ff) AUC EZ % (P<0.01). ITT J 32 F TP AL
#z1 ECAMMPETELER
Table 1 Component identification results of ECA
o . e M TR (mz)  RZE N

%5 wmin HTX NEAET WibE S (X10) MS/MSH#E BT (mlz) WEY

Cl 5.6 CioH260s [M+H]* 335.186 0 335.1858 0.6 299.162 4, 189.088 8,301.1752 4L 523241

C2 6.5 CyHa06 [M+H] 4633062 4633060 0.4 301.1806,427.2835,445.294 6  HETi{£ i D25

C3 68 CyHuOs [M+H—H20]" 4452943 4452954 2.5 301.173 6,427.282 8,445.299 6, dacryhainansterone®’}
447293 6

C4 79 CuH30s [M+H] 3632163 3632171 -2.2 309.1752,327.192 4 AT £ M0

C5 87 CyHuO7 [M+H] 479300 6 479.3009 —0.6 299.164 6,189.0912,311.196 6  isovitexironel2®!

C6 9.8 CaHa60s [M+H] 5233275 5233271 0.8 301.1789,427.283 8 ajugasterone C 2-acetate!?’]

C7 102 CyHuO7 [M+H] 4813167 4813165 0.4 189.093 4,299.178 8,311.2118, FiE & & #H C
409.263 9, 427.312 0

C8 103 CyHuO7 [M+H] 4813185 4813165 4.2 299.1628,189.0917,311.199 1, & /K% & D7)
427278 2

C9 104 CyHuO7 [M+H] 4813185 4813165 4.2 445.2955,463.3033,299.1655, 20-F3FEi fiz g 0427
409.275 7, 189.093 2, 427.285 0,
311.2027,445.295 5

C10 10.8 CH460s [M+H—H20]" 5053185 505.3165 4.0 409.2724,299.1749,311.202 2, 20-hydroxyecdysone 2-acetate/
189.091 0 20-hydroxyecdysone 3-

acetate[?’!
Cll 122 CyHuOs [M+H]* 4653205 4653216 —2.4 249.1150,173.0105 ponasterone A2
C12 18.5 CHauOs [M+H]' 4493250 4493267 —3.8 189.1214,303.2136 FR/K LB Al

PRI JR 5 ZR BUB M R Th REPY. W& 2-E. G A
N, SRR, BEAYAL ITT i AUC BETHE
(P<0.01); SRR, #4254 ITT 1) AUC
BEEK (P<0.01). Wl 2-H. 1Fr, SXEA
b, AR A/ BRI I P IR TR & R K P
HOMA-IR &3 75 (P<<0.01); SR L, —
FOSUITZEAT ECA A1y & 4/ BRI rh 2 IR ik
BRI (P<0.01), &42541 HOMA-IR
PJRFERL (P<0.01). I ECA 7] LLETFFK
FBG 17 [l [ &% 2 /K-F- K 2% HOMA-IR.

3.4 ECA I%Z T2DM /MNRIMAS/KFEFIATRE. FRER
LRLNTRIEIR A

WK 3-A~D flizr, SxHE4lEbEs, BEARILN
LM% TC.TG.LDL-C /K V&2 & (P<0.01),
HDL-C /KB ERHE (P<0.01); SR HE,
BN IIE T TC. TG LDL-C /KT i 2[4
ik (P<<0.01), HDL-C /KFEEFE (P<0.01),
] ECA BEA XA+ T2DM /)RR Mg /K .

HAH/NRIFEAR N HE Jetass BILE 3-E, B
R JR B 245 . AiMBEIb . IRaA g,
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A B -l EALotghke! C o
30 ~ %R 6 = “ECA328ghkg!
o 27 s~ B0 _ U iiAG Sogke! T
1 e 4 % # X % 3
24 ECA 1.64 g-k ° 4 ) £
S 5 o ** ~ECA328gke! = £
& 21 ## = ~ECA656gke!  IH ) S
18 # H & @ >
Eg [E)
15 ' O
6 7 3 9 10 e pren O i g — Eﬁ 1.643286.56
JE (e Y ECA/(g ke 1)
° " R F
s - X _ 25 - fd L0
= - iR T —H 3
g 20 —H = 20 ECA1.64 g'kg! g 30
g ECAl6dgkg! ~ ECA328 gkg! :
E s ~ECA328gkg! E 15 ~ECA656gkg’ €29
" ~ECA656gkg! = o)
=10 210 2
= = o 10
£ 5 = 5 =
o) E &
° o 0 05 10 15 20 S0 0 05 10 15 20 © O 0~ Te4328656
' “th ' ' i ' S ECA(gkg ™)
G H I
T 30 730 e
E 2 Hk = a &
g 20 \\5120 g =
=) B Z
S 10 g 10 T
< b 5
E :m
E 0
. 0 SR B = Eﬁ 164 328 656

SN ECAAgkg™

A-TRFE; B-# & C-FBG; D-OGTT; E-ITT; F-OGTT (] AUC; G-ITT (] AUC; H-ZEBES 2 THOMA-IR; SRR #P<0.01;

SR LS *P<0.05 **P<0.01,

g2, 6.

A-body weight; B-food intake; C-FBG; D-OGTT; E-ITT; F-OGTT-AUC; G-ITT-AUC; H-fasting insulin; -FHOMA-IR; *P < 0.01 vs control group; “P <

0.05

**P<0.01 vs model group, same as Figs. 2, 6.

2 ECA X T2DM /MERAARE. BEERERHHILA

2

I (X+s,n=10)

Fig.2 Effects of ECA on body weight, food intake and glucose metabolic disorders in T2DM mice (X = s, n =10)
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Fig. 4 Effect of high-dose ECA on serum metabolites of T2DM mice
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E BT (B 4-H) £, ECA miflEdH ] feil
SV H B AR AR PR AR S R P S 2
AR 2% T2DM.

&2 S8 ECA F/E T2DM /MR IER HHIRELD

Table 2 Serum metabolic markers in T2DM mice after intervention with high-dose ECA

14 53 -
4% wmin i it b (f\li) mrEEen e
1154 HERR CeHiOs  131.0703 [MF+H—H0]" 0.027 43.0178,45.033 5,71.049 1 [
2 278 N-LB-L-BEE CHINOs - 190.071 1 [M+H]* 0.764 43.0170, 56.049 0, 84.047 7, [
100.039°9
3 282 PC[14: 020 : 48Z11Z,142,172)]  CaHzNOsP 754.536 2 [M+H]* -2.527 146.9818,489.0376,593.4540, 1% |*
717.446 6
4 318 B A CiHiNOs  242.102 2 [M+H—H:0]" -0.038 71.049 0 [k 1
5338 JRIRR CsHsNs 136.061 9 [M+H]* 1.056 135.8870,118.9540,62.1410, 1% |*
92.0390
6 422 XELDKR CoHioN203  193.061 6 [M—H]" ~1.150 92.050 6 [

7 473 LysoPC(18: 1/0 : 0)

CosHs2NO7P 566.347 3 [M+FA—H]"  1.809 210.053 7,281.248 6,224.069 3,  1* I

5423019
8 497 BHAR CeHiNOs — 190.072 1 [M+FA—H]"  0.217 41.003 3, 44.998 2, 53.003 3 # 1
9 505 KR CsHsO4 177.040 4 [M+FA—H]" -0.473 41.003 0, 54.0310 1 N
10 525 5,6- - FFFEm|0k CsH/NO2  194.0458 [M+FA—H]™ —0.432 92.050 6, 118.029 8 V 1
11 5.48 2-propyl-2,4-pentadienoic acid CsHi202 158.117 7 [M+NH.]* 0.981 41.039 1, 55.054 8, 67.054 8, ¥ U

95.086 1, 53.039 1

12551 I CioHN4Os  267.073 1 [M—H] -1.545 108.0207,135.0310,267.0730  1* !
13 576 LHEMH CoHi3N3O4  226.083 1 [M—H] -1.072 41.900 0, 65.600 0, 93.200 0 14 [
14 597 1-EM-2-fE4 DUEMEE-BEIRRR  CuHyOP  457.2357 [M—H] —0.671 78.959 1, 96.960 0 i "
15 10.62 N-OPt-L-BER-5-F- 1 C/HiNOs  218.066 6 [M+FA—H]™ —2.137 41.003 3, 41.998 5, 58.029 8 i ™
16 1097 y-T W C4Hs0: 131.034 9 M+FA HI” —0.919 39.029 9, 41.038 6,44.997 | M T"
17 1317 RAER CsHioN20s 191,066 5 [M+H]* 1.096 44.013 6,43.018 4, 85.040 2, M ™
99.055 8, 102.055 5
18 14.78 R CyHa021  684.2544 [M-+NHs]"*  —1.898 43.018 0, 75.044 0,325.113 0, [k 1

399.149 7, 593.192 4

7 RoRTHE, 7 FORFEIG SXRALE: *P<0.05 #P<0.01;
| ” indicates a decrease; *P<0.05 *P<0.01 vs control group; "P < 0.05

“ 1 ” indicates an increase,

3.6 WEHBESHER
SREL ECA VBEREAT 1417 4, A OMIM,

DisGeNET Hl GeneCards (¥ /£ 3575 T2DM *a%iﬁ
M 282 A, 133 ECA JRY7 T2DM [ FEHE st
A (K 5-A). filEl 5-B Jis, PPIRZEH 90 4\%5
F 1031 Z5ILLH R 715 mOR/ANIE 3 3 e A

B RIEEE RN, AKT1. MRAZER T (tumor
necrosis factor, TNF). HZiffi/r%-6 (interleukin-6,
IL-6). AR L ZIRE IHE-3 (cystein-asparate
protease-3, CASP3) 1 GSK3B & ECA 577 T2DM

**P<0.01.
**P<0.01 vs model group.

SRR S "P<0.05

RRBERE L. GO M fs B A Pid 72 (biological
process, BP). 4iiffiZl/ (cellular component, CC)
143 DHE (molecular function, MF) % 478, 57 Al
95 MK H (P<<0.05), MEFERT 10 AT ATAUL (&
5-C). KEGG B £ T Bos i DHE b 1 2 4R
T B A A 1k & R 7= ¥ (advanced glycation end
product, AGE) -MIBEIAL A Ui 3Z2 4k (receptor for
advanced glycation end products, RAGE). PI3K-Akt
e 22 ZL G5 AL B H B (mitogen-activated protein
kinase, MAPK) {5 5@ (& 5-D).
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