MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.9

BT RIBRS R I Z5IR5 00Z5 & R SR AEE0A %
ERRMATEE RS 5B RS

BRBLT, SRAASL T, EmHY, FLKB, okidE’, JDiFWS, FTER, TR, AE"

(L kPR K FABFR, LTk 110866) (2. LTPEHRFRFEEF ., LT 110847)
(3. IAFFEHRFWES —ER, LTUME 110847) (4. LFF KT = E B EA FRAE), LT 110847)

FE: BRI TR R A DI T A B, HRRRMRE % eb. K, EREHR TP EMmAE. HiER.
AB FFE. REERBI T KR RINA B E SRR B e3P R 8 ), AR LA ML 532, NZ L DPPH. ABTS
A e ETR G BT o-F BAEH B o- i BE . RS BRI E M AR AR 5 E0RAE &3E- IR AL (UPLC-MS ) 2 & w4
it TCMSP 54048 B4 A M 24 2538 3 KBS e 5., A3 PPl M%5it4T KEGG @345 £adr. R &9, £ /K4 DPPH.
ABTS #) ICsp 2% % 11.81. 7.74 mg mL™, SBNEMA T % 2ok 2h; o-F) BAB BRI 4H) ICs H 3.15 mg mL™?, E ek T34 25;
SIS BT 1Co A 1448 mgmL?Y, 7EM—A; o R85 ICs A 47.95 mgmL™, F74la /%535, M&HEF R 7, NOS3. INS.
PPARG. TNF #Aizsdek, &oksh R RBAHBIMK F. KT ILEE 3-0- 82 FRESSE A FAIE AMPK. ik B EI%
PR, ZEATE, R AL RE. REAFTHELS A5 e b- 2 @ R L ABREANA R, BRIARRMEEIERT), #
AT 7 TR BEAE ISR T L) D et R ndR A T BRI S 200 3%,

XA HRFR; TAEEMG; KR WAHEE; FHRS; Riftmede

DOI: 10.13982/j.mfst.1673-9078.2027.9.1042

Study on Active Constituents and Potential Action Targets of Food-Drug
Homologous Liyin Decoction for Alleviating Metabolic Syndrome Based

on Metabolomics and Network Pharmacology

HE Yanhong', ZHANG Songxing®®, WANG Jiaqi**, LI Dongnan', ZHANG Yanwei', FENG Shiyu? LI Jiaxin®,
LI Bin*, SI Xu"
(1.School of Food Science, Shenyang Agricultural University, Shenyang 110866, China)
(2.Asset Operation Center, Liaoning University of Traditional Chinese Medicine, Shenyang 110847, China)
(3.The Second Affiliated Hospital of Liaoning University of Traditional Chinese Medicine, Shenyang 110847, China)
(4.Liaoning Zhongda Asset Management Co. Ltd., Shenyang 110847, China)

Abstract: Dyslipidemia and glucose metabolic disorders have become global public health concerns. Food-drug homologous materials
possess advantages in the intervention of metabolic diseases due to their multi-target properties and low toxicity. To compare the in vitro
antioxidant activity and glycolipid-metabolizing enzyme inhibitory capacity of single-herb aqueous extracts and their compound formulation,
this study determined DPPH and ABTS radical scavenging abilities, as well as the inhibitory effects against a-glucosidase, a-amylase and
pancreatic lipase, combined with network pharmacology. Active constituents were characterized by ultra-high performance liquid
chromatography-tandem mass spectrometry (UPLC-MS). Compound targets were obtained via TCMSP and other databases with network
pharmacology approaches. A PPI network was constructed, followed by KEGG pathway enrichment analysis. The results showed that the 1Cs,
values of the compound aqueous extract for DPPH and ABTS were 11.81 mgmL™ and 7.74 mgmL™, respectively, showing stronger

antioxidant activity than most single-herb extracts. The ICs, value for a-glucosidase inhibition was 3.15 mg mL™, indicating higher activity than
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some single herbs. The ICs, value for pancreatic lipase inhibition was 14.48 mg mL™ with moderate activity, while the ICso value for a-amylase
inhibition was 47.95 mg mL™, suggesting weak inhibitory capacity. Network pharmacology analysis revealed that NOS3, INS, PPARG and
TNF were core targets. The food-drug homologous raw materials could coordinately regulate the AMPK pathway and ameliorate insulin
resistance through active ingredients including quercetin and epigallocatechin-3-O-gallate. In summary, the formula composed of lotus seed,
ginseng, gorgon fruit and hyacinth bean exerts antioxidant effects via multi-component, multi-target and multi-pathway synergistic mechanisms,
and exhibits potential for metabolic syndrome intervention. This study provides theoretical basis and experimental support for developing
functional foods from this formula to ameliorate glucose and lipid metabolic disorders.
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FEEA - e - - - A - s
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INS 27 79 27 66 29 76 26 61
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LEP 12 23 13 15 14 20 12 15
PPARG 12 67 13 45 14 51 12 33
TNF 11 74 12 50 13 70 11 51
IRS2 11 16 11 16 11 18 10 14
NOS3 11 33 11 23 11 26 10 23

12



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.9

@ @
@ & @ & @
b Su@h. - ® ® @ ARG @
L (SN B
* e e Ny -0
(e i e
* RV o L @ LP___l % D @&
o WG T s 5. ®
M @i ‘mﬁ.n
@ g b 4 &
& cifke i g
® X i@ @ @ @
@@ ® 9 ® ®
B M
® il i AG0ys
® ® e
C @ D offin
& Y
@ g e\ @ % @ 0B
A TPERRG |
@ @ W a5 Pl kD s.\: ..... \wp
RO Gk i H.. i@ @K L’J ' ¢ ®
@ Y e 1
Bergrs e et g— L ®/¢
P . (R :
@@ g PARGCIA @ W @ & @ e
@ L] @ & o@r & &
18k A& @ @ Bk NE@D1
@ ® & i
@ o

Bl 5 TEIHESRIKIZY PPI RIS HTE
Fig.5 PPI network analysis diagram of aqueous extracts from different samples

E: AEW PPI MLo4THE; BAS PPI M&a47E; CIL%E PPl MA047HE; Dk PPl M4&SHTH.
252 KEGG i#34's ot

VURRZG#4 75 2 BB PR IR . KAFIRIEIEEG & /DT A BB R s v, B2 S B R N TS
Tl @R TG B 2

X TIRE ZHBT MRMiR 55 AR ERRI s FURBTUIR 7 53 keiietsith . J8 55 shikis s
fRIEE I, ERNS ASH AR, SRR, Y, £ RRERT, X890 TNFRSFLA B,
AT B 22 R s SEEL RS, YERIALRI SE ARSI sk AKT2 1 p, Jd g A4 U 55 T HAR =R 2541 AMPK
BT RN, NS5 SRHIE 8, A BOERNZ ADIPOQ #E S, S %2 AKT2. HNF4A. ADIPOQ
R, BRI KA, A, RS S B H AR HE SRR Y, EREE ADIPOQ,
Ji SIRIRERE ADIPOQ. AKT2; H/DFEMAN KA RER S, ASHLRSE. SRR —8, &
W 32 HNFLA 05, S5 —F 6k HNFAA §E5; RS RE TIEE. 2UMEHRREER. HIF-1{ES
I EWTLEM e RGBS . B T RO AGE-RAGE {5 5B . FoxO 15 5@ M i b 505 5@ ik . 78
RS HKEE T, R AS. RS S E SRR T RIS E 80, AT SR, WSS RE
RS R ED 1AS, B EKCPAEAE e PR, SRR R A SRR, NSk HIZ S R A
ORZE, BN EHR AKT2 RS, AR S AR e R X KEGG &R, REREESE
@R, ER. NS, KBz . ERSASIEE S EE & EER TR ER, S SR
% 1/ TNFRSFLA S p, 2RO E R R E 2, SRR R Masth (s I U E A
NS, mEHEE, RETOHKRREERH. ERSASHSHE. SEFTHE, REREERE AKT2, FSaE
WD LA, %R AKT2 SR T8, B b 2 S5 28 S e & AR PRI RN I8 %,
AR SR O SR A B, R SR FRiEEE . Sk BP0 S DL ALB 5 IL-6 SR
x, FEEET “NRRSINCRERIN” K& “CRARBITIN ) Sahkie L @k, E T ria e FiHER £
AT IRANEMERE R A ST 7 HRZ OFE AT B FE ) INS. PPARG F1 TNF, EHEEHES T “AMPK 55
W7 5 “PERERAGU, SR T I G R W UM R AU R R R R R

13



MR BRI

Modern Food Science and Technology

2027, Vol.43, No.9

Type Il diabetes mellitus

AMPK signaling pathway

Insulin resistance |

Longevity regulating pathway

Maturity onset diabetes of the young

Adipocytokine signaling pathway [ ]

Non-alcoholic fatty liver disease L]

Insulin signaling pathway [}

Longevity regulating pathway - multiple species .

HIF-1 signaling pathway .
CGMP-PKG signaling pathway| @
Insulin secretion .
FoxO signaling pathway{ @
Regulation of lipolysis in adipocytes

AGE-RAGE signaling pathway in diabetic complications .

Glucagon signaling pathway .
Relaxin signaling pathway{ ®
Fluid shear stress and atherosdlerosis| @
Lipid and atherosclerosis| ®
Toxoplasmosis

B Type Il diabetes mellitus
AMPK signaling pathway

Longevity regulating pathway
Adipocytokine signaling pathway
Non-alcoholic fatty liver disease
Maturity onset diabetes of the young
Insulin signaling pathway

P-value
m 1.00
0.75

Longevity regulating pathway - multiple species

HIF-1 signaling pathway

€GMP-PKG signaling pathway

FoxO signaling pathway

Regulation of lipolysis in adipocytes

.6 AGE-RAGE signaling pathway in diabetic complications
® 9

@ 2

0.25
- 0.00
Count

Glucagon signaling pathway

Relaxin signaling pathway

Insulin secretion

Fluid shear stress and atherosclerosis
Lipid and atheroscierosis

0.1 0.2
Rich Factor

L D Type Il diabetes mellitus
Insulin resistance

AMPK signaling pathway

Longevity regulating pathway

P-value Adipocytokine signaling pathway
s 100
0.75

0.50
0.25
. 0.00

Count

Non-alcoholic fatty liver disease

Insulin secretion

Maturity onset diabetes of the young

Insulin signaling pathway

Longevity regulating pathway - multiple species
HIF-1 signaling pathway

cGMP-PKG signaling pathway

. e FoxO signaling pathway
@ 5 AGE-RAGE signaling pathway in diabetic complications
e Regulation of lipolysis in adipocytes
Glucagon signaling pathway

Relaxin signaling pathway

Fluid shear stress and atherosclerosis
Lipid and atherosclerosis

c Type Il diabetes mellitus
AMPK signaling pathway [ ]
Insulin resistance [ ]
Adipocytokine signaling pathway [
Longevity regulating pathway [ ]
Non-alcoholic fatty liver disease [ ]
Maturity onset diabetes of the young
cGMP-PKG signaling pathway °
Insulin secretion .
Longevity regulating pathway - multiple species L4
Insulin signaling pathway [
HIF-1 signaling pathway .
FoxO signaling pathway L]
Regulation of lipolysis in adipocytes
Fluid shear stress and atherosclerosis L]
AGE-RAGE signaling pathway in diabetic complications .
Glucagon signaling pathway .
Lipid and atherosclerosis| @
Toxoplasmosis .
Alzheimer disease | @
0.05 0.10 0.15
Rich Factor

14

0.20

Ovarian steroidogenesis

Insulin resistance {

Toxoplasmosis{  *

P-value
- 1.00
0.75

[ 025
0.00
Count

® 9
o 2

0.05

0.10 0.15
Rich Factor

0.20

P-value
mm 1.00
0.75

. 0.25
0.00
Count

e 7

®

6 TEHmKIRIAER EE I HE

Fig.6 Pathway enrichment analysis diagram of water extracts from different samples
E: AERNEBHREG ENNE,; BALEKE ENME,; CREBHKEENIE,; D.a2EREESTH.
253 ma-¥e k-l A
VRl , 2 5SREAET- R 2585 SISEVE LR 22 e, b se (140 METERG 48 HE
FOV FER (147 METERGMA5 MERD PIERE IR, NS (109 MG 44 MERD 2, . (103 4>
TE VRS 140 AR REOBE R 75 f /D o SE VR A RS T 2) - T RRIR, I RE S MR ) U 1% CoFE A HNFLA
HEWTET DA R BRE PRpI IR ER HAE A Count B EE 2. AR RECE =, WK B v T HAR =R
Mo NSHERVESAMER-7-O- G M SHIRAH, I LEELn ADIPOQ FEA, AHILAEKAF RS A A
BAEHUE . Rich Factor 3 G, A HABZG M ok S S st TR R RO ) o 28 SR S A A T PR R
RE AT LHRER-3-0- B TIRIE . 1R SR PR e MRS S A IXALAE 17 TNFRSF1A. KT bz
AR, ARSI TR 5T ARSI . FAARBTUIR ) SEhkR e G RS S5 3)
JKBEFERE AL SERENR AN . B RSASAH OGBS PRI =1 Rich Factor 525 Count ‘& S+ 240, AR RIS
BB RIIFER(E TG, NHR=REMITA RS . I ORISR e 2 T, Toi T o kb
DIRERE A AKT2 FRRE RS . BRI SAE RS 2T, IR 55 AR YRR . HIF-1 (5538
AT PO RS T O S TR RE D .

0.05

0.10 0.15
Rich Factor

0.20

0.25



MR EmBE Modern Food Science and Technology 2027, Vol.43, No.9

* & G @ b @
A & > > b S
& o o e S

»un@:g e i
i w@% | L& @m‘@i

ﬁ@ﬁ L_W.Qlﬁ @ 0 PQR
(WMT 24 kR i e 9~
Zo Lﬁ*@*%%r e

. GO T 'MW, sl LAl
0349101289 1 <4 : l 35,7 =JigRam
e ) R i Ll 0aHRR) @
= 72 4 a-nmynns&uxm’_wggn A@“ @
W E T .o ® -

:: spocns P _comtcatons AsiiRe oiEm mmm y i Sm ::EE P o] %
e o 0"“@"”"'3: Wi S e el X
L oS . w A s E:Qc’%’i@m
‘_Q,,‘f’ga-“tﬁuw | o ;”QLT i
91/ 2 @ '0!& Ll

P %g‘:@un &® P .
e S MV

7 Ry R 3 ' W)
Pl 1

eﬁwﬂh {
&> e & & b &
® & & & B
& & @ > b
o &

15



B E AR Modern Food Science and Technology 2027, Vol.43, No.9

" EEEZS
s sl s ofpe s
C o o colps s rorgpeinns
W e B

ot r\m‘&i&z‘“m“” st P

12,135 400 /IO KM
! fen# 9-143-10,1245- /(& =i m
DL-3-EBAm mnmﬁﬂl* 82 T
345 = ifEsE R “ll!," sl AkR

314 W 1-(4-12 36 -3ARUIE X ) PtR-1-M

L LT
CERS . odiuwik o d @M
L T I i o ORI L L
1 - m L0 o, g '":l.“ VIR Wy ¢ il
G L LT P'" ﬁm} o
R RS PREY S T
- TR H.?D m mi-mz s NN - ma
Roguston of L ‘
§°~"‘ o s 24 rm"uml;,g: ’:ﬁ s Ll e\ e ]
pataay sigrang / ) Faig
PR oty st g PR Bt e Diabetes S AF1SO0l ¢, i Towoghgnoss I ,,,.‘:_; e
o poet o x‘ ooy < 2 O- il Non-InsiietD M“ RNASRE N, . ;v:lll Longevty N i
R vy ASST-— J M LA e % 2574 po sgraing  gUaing
HER) ponwiy i pay -
,.. Q‘l i
HER M 3.0 1 710 iy el vl
N ,”m » X Enm RSN (AT complcepd” e
# ms:rluuu" "‘ﬂmﬁ'n aaﬁu.&n.; S i p )
e
slu 1248 gs»m um::“n ¥ R.m
12 M RS Ry R RN ." R (s dan
e R LB )% #3011 &mnm o
L 2 o4
RN M“"‘
- P— P et
1.6-ter gy 8 Kol
. e G & e &
cipr ofpr o Aoffea e PR
o o e oy
e o e
D s @ @ @ edor o
o e o @ o
g&'f?s;n’“t’xlﬁ“ MR
(S)HE 2 ok
34 MEGK 5, Bt X A
Bt 2.4_ wgmﬁ&‘ﬂ 2
S %N
7 ﬂ@seu“ Vs A 3Nt aR
in R bRl g -
i ororoespet, L i Ll
7 LU Ly e
P o il R5 T ISR
453 AUSEZ N, 2 L m(mﬂu) > sl pe o
Longevity el {1 ignaling .
Maturity onset regulating Non-alcoholic 5 HZ B 4-122E "I?? ./ - N &'94 X o) resistance ;dlwmy atherosclerosis
-e i A:;;:;'E VA i Dlabetes WL Ovarian P A
FoxQ Spreiss o, mﬂ L] Hyper.emla P4 steroidogenesis . maiigys  atherosclerosis
signaling signaling pam-yin : TG fe?
patrway patrway dbote G D-IRURSE Non.lnsulm-Dependent Ll A IR
e CGMP-PKG  COMRUGARCNS CF ST i b pathway o . < 43
. signaling sighiio R LA Rogutsial AP potnway
pathway pathway Ay SIS P v g e AR ipolysis in  sighaling
. adipocyt pathway
Henki i oo nd T TR Kt R Z
o KM RUAR 7345 @RQEMHN
M L1708 (ﬁﬁlﬁtkm
wisge | D-Afme . CUPRTE g ot MOERGS hgn e
PR o L R Bz)ﬂ:’““'
AP Sy

H 3R
TR giage g R

G G
ngs2  adde rraddciacafire cpa LR
DUFPEID G T G4
s s @

& 7 TEMHSKIEIRR - a8 E

Fig.7 Composition-target-pathway diagram of water extracts from different samples
E: AZRRS-FR B8 A BASRRS - BB E; CHERS-FE-EHKE; Dz As-Fes-E%a.

26 AL B R AT A

16



MR ERmEE Modern Food Science and Technology 2027, \ol.43, No.9

K 3 Z59mr A, PUREPER 5 NOS3. PPAR-y. TNF-a. Insulin #8539 E R RIREE HILE Ao ). S
R T LI ER-3-0- 2 FIRMR 15 NOS3 454 F HHAEN-10.2 keal mol™, Z5&BRURA: Yokl R R B4R 15
SR IRIELF, TSNS . SRR, LRI ATl S s B R AR A ELAE A,
ZHHUREANE SRS BL SRR S E )~ Al 2

TG REEW], RIET R R GRIRER . KSERIEE T LR ER-3-0-K BT RIR. ERRI R LA
[kl %5 NOS3. TNF. PPARG. INS #E 3K 7454 H b, 4t A HAEN T-4.8--102 keal mol?, $&5%
FRVEE R TEBA AT AT A RS SR E FE T A8, 456 A Rt A RS K 8 2 FAHE TS REF G5
Fral s, 4 Mg 5 NOS3 #E RIS G2k A AR L,  Hrh R 7 ) LR R-3-0- 1% & TIRIAR 55 NOS3 45
A HHAEIA-10.2 keal mol™, %/ TRl m-n HERUWREIRONER (I8, R0 (9 2 M R I RRE s
SR & Z Iy RIEE T S TNF $E RGN iR, B B PRS2 AR R, kT BELIKT T ¥ 0
fE SR IEPERST S PPARG FE R TR G BAER, AAEROE (5 5Bk LA R BUR
WV RE. MELTE, 4 FNEMEYISTS INS BEAUNEEE B e s, X INS SE W B & fe A PR
gi b, AFZERVEERE) 4 MBSy, Rl AR BUKTER. rr HERVEEZ M TRV ER ) %50
HARRPFE KA BN, $ER1ZE 07 B4 U2 Br-2 88 s R RO S R S8 RO SR AR A R v
73y NEREAZILTTRINAERETEE R AL SR 0 370U 2 T ) B ARHR o

3 NFNEER
Table 3 Molecular Docking Results

TEPERA PubChem CID 4 M ¥.5 PDBID 44 wft/(kcal mol?)
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) PPARG  4XLD 8.3
FHARE 5280961
TNF 7IRA 9.1
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Fig.8 Visualization results of molecular docking
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