SN EE I T Vol. 25 No. 2
Journal of Chinese Institute of Food Science and Technology Feb. 2 025

925 & 2
2025 %24

BT W4 258 2 R AR ORI Y B B A 5

AMEHF, KFH, A #H, FRE, M@, FHimk®
(FARFADZAIRERASAFFZR AN 310058)

WE B A TMEHREZ HIRTHRAT T BT &M im0 F %R o FoAE A ALE] S8 3T 4 F x4 Fo 2 10K 30 3 47 10
P, ik a8 it X ak 4248 A2 CNKI 248 & 3k Bk R oh 69 4L 52 % 4 ;i iE Gencards ,OMIM  DrugBank 4 2 4% & 3% 3 fig e g2 £
Tty kom¥e s, AR String F & TR G A EZAER 24, & PPL W% K A Metascape -F & # 47 GO ## KEGG & & %
Hr, 3 F R Cyloscape 2 “m o —¥2 & —iB 38" M %, il i AutoDock Vina #4745 F x4, i@ iE 3T3-L1 Zm A ey MTT X 3 ik
21 O 3 &A% qRT-PCR X B #t AT iK IR I0IE . 2R AT T SR 69 O B RS L3HI-T ] AR AR X5,
Ao .58 ALB.TNF . PPARG .PPARA \VEGFA 4, 25 i@ % £ £ 060 F 8 Bm-2 R E ACGE-RAGE 5@ % s h 5
KB PPAR 2 5 BHF, 5 THELEREFRAT RS PR RIELERAGLESFE, WI0XRIERHRA T
FEEAR (GL AR ML E AR EE)EK S RE(50~100 wmol/L) B 4 47 4] 3T3-L1 M Ae3g 78 s 4 % 2 4 T %
8.45%,16.28%,31.33% ; PPARG \VEGFA [ TNF % ik 2 % %1% ; PPARA/CPTIA 12 5@ % A A A&, &k ALERA ML
I 3 5T EROK vt 3 B G o 6 A A VE R e b OB A BEAT TR A8 it o T xT X e R e B X IR AE 5L T TAM 42 R, AR X T

RERRTRATALERML AN A2, &R mA 2] EETHER,
KWW kA Sk, M&HEF, HFabiE,; 3T3-L1 ae

NEHS

Bt A 05 T SR T A, Rkl e TS L
S B R SR T IR gEit, T E 8.5 AL AR A
e LR R R NBOR 35 3.026 12, HOR I AR R
feta, it 5] A& 5.0 A8 B E 8k 3 [ AL
AR NFE T B R EEARR g AR AT ATy i s s
& 3 R B S R (TC) L& H il =5 (TG) |
IR %% JE£ 1 25 14 0L [ 85 (LDL-C ) 7K ~F T e R gy 25 B
i 26 1 B[ B (HDL-C) 7K SRR 4Rk, w5 i
MUAE IR TT 8 SR B as sh A2y iay7y , T
MBIT2 | DURREAE 5 SRR AR 25 W 30 ek P 1 3 77
TERIVERT,  PRIHO 2R 4R B 24 W0 R D)5 R 7
o5 M LA S HEO S e AR 8y T B

B (Moringa oifera Lam) & K7 TR a2
TR —FAEY), R TR B HOR R R
RZ i) MR Z YR Z —1, 2012 4F,
AR I T AR BB A B SR A, SR TTIZ Y
KR, HOR W P A 7R 25 B 2R 22 W26 A Wk

1009-7848(2025)02-0039-16

KR EH: 2024-02-14

EEWE: WEAAR AR EZAE AR
(CARS-11-ZJLBY)

E—1EE . MIRYF, & W1

BIEMEE. #Hi54  E-mail: yhjiang6@zju.edu.cn

DOI: 10.16429/j.1009-7848.2025.02.004

SR HURR R 2145 22 Fh ) 5, i i A O S R
SRIG VR R 1R b  WF TS R Hg 2
ol AR W P AT AR AR BB AR BT
R UM A JF i 2 Rk AR R, R
7, A ey 5 3 R R G B9 A 800 53 s f A P A
Mo RS BRI, B ERIHOR IS 5 TR B
TN PR R B ORI SVVA IDO B2 & N R
J 3 B AR A F T 58 A8 Al st

2% 25 B %= (Network pharmacology )& — [ 13T
DL IR BT R GRS R OGBS
PR E A5 575 i (Nodes ) 4T Z 88 S 259 73 1%
TF, ASE I A 0 2 8 00 T 28 23 A RSN, B Y
FEMRNEE DT 3D MR 4% 5
Br U S0 E RE I 4 00 5 S S TE A2 S .
T2 . B 2 U 5y Z [ B R VE Y 52 2% 4
J AL R I 5 RO 1) 24 AR A2 45 S8 PRI XED
W0 2% 24 B 1Y 5 12 R IR TE ORI S A AR R 448 T
AR BRSNS A A ) 4 2 B2 T A IR TS
A TR IR YT S i IAE A9 3 R ALE I PL , OF:
38 3 X N A0 L X R AT S, DU Ry i —
Ao 7N RO I 25 BPE FIAILTRD , B 25 A & DA B
PRET SO i 5 (PR S AHE |



40 hoE g

ol

2025 45 2 )

1 MREFE
1.1 BRACH P& M A #Y ) 48 25 3 2 B 5%
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DrugBank ,OMIM 5% ik 55 [ 848 22, L) “Hyper-
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score) I P ER 1 H AR HE AL A e AR ILAE 1Y T
TERE R, PR X SOl R W 45 R AT B O L L 18
105 1 LA AH S5 B B
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HE A I AH DG HE A 1 g I 5 s RO B T
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B Hi 2 B B AR (PPL) M 45 B A K Organ-
isms ¥ B N “Homo sapiens”, ¥ & A A0 B 1E H ¢
JrBAREBCE N 0.400, 15 ) PPL R 281 ff 43 #7
L5 G E CytoScape 3.7.1, I HC % 0 H7 0
REXS W 2% Y 4h F s PEJEAT 20 M, AR 2 42 % (De-
gree) . B JE (Closeness centrality) . 4 J¥ (Be-
tweenness centrality) ﬁﬁ?lﬁtﬂ PPI1 IW«’% rh?*ﬂ‘ﬁ‘*ﬂ
PRI A2 0 HE T
1.1.4 GO A=Wl A KEGG 15538 #% & 543 #r
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1.3.1 AR5 3T3-L1 iR 40 e bk , b At
B I vh 20 P A 3L Ay, b v 3 B JR A Ak
FHEABR AR, SREFE3-5 T - 1-F 5L
1 (IBMX) , A1 FE R A R 2 & s DMEM = b
Rigede (SNEIRRAN) PBS Wiz L 2% b .0.25%
[ TG R/ R, )N Biosharp 2
A RRYUIR A I (FBS) , 7 52 2% DU A= Y FH A
FR 2> F] s MTT %59 (5 mg/mL) , 35 rd 28 438 A= Y B
AR — H A (DMSO) , # 1T K 24 B Uik
45 Wl 5% & (Insulin, INS), Solarbio 23 Al ; #
FEKHS (DEX),Sigma—Aldrich A ] ; #AITMEL O
e, dbat R FERHA R A RNA $#2 5L
M & (RNAiso Plus), ¥ #% 5% i 7] & (Prime-
ScriptTM  RT reagent Kit with gDNA Eraser) .
qPCR i & (TB Green® Premix Ex TaqTM 1II),
HA TaKaRa 2w 5 51490 i st BHE YA R
CiEEy0 A8
1.3.2 4 3% 3% Kor 4k 3T3-L1 4 & T &
10% i 4 175 A 1% W ht (5 % = MRS R )
DMEM = 585 32 36 b 76 37 °C 5% CO, $5 354
Ko g% B0 48 h #, 40H A K 3 80%3 & I it
T4, # 3T3-L1 4B 2 6 fLk , 58
IR IR 4 d (R 2 d B — W), A 40 i
IR B Bl A0 % 10 weg/mL INS.0.5 mmol/L
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IBMX .1 wmol/L. DEX )47 T 55 9% 48 h; Ji #t
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IEH SRR IR IR IR R 1 IR, 25 12 R
2990% L) - (4 R B | RISk 35 57 4 A0 B 20
JHL 375 5 G Ak 4 45 R 9 B AR 82 b 7 A I 37 M A
G5, R A VA ORI 5 404k ) 6 BEZH ({3
i) M RH A MR R
(AT T AR IE 23 SR AN [R5 )
1.3.3 MTT X% R MTT &4 50 0,5,
10,20,50,80, 100 pmol/L #t iz 2 | 1L Z Wy | 5 L2
FT AN LG T3 52 3T3-L1 g 15 20 i 42 0
96 FLAR 1, 43 591 F A [m] e B2 A 5 ) i B 25| Ll A%
My SRR KGR 24 he BALINA MTT %k (405
HKIE R 0.5 mg/mL),37 CHFH 4 h, B 1LER)E
BEFLANA 150 wL (1) DMSO %W, B T4 IR F IR
10 min,, i1 5 & Y B8R 56 4 0 i, FH s 130 7 K
570 nm b F IR OEEER A0S A A KW .
ﬁﬂﬂﬁ* H Xﬁﬁfﬁﬁ (%) = [A 570nm(ik $ 41 >—A 570nm(* (141 >]/
[A s70unces mea1)=A s70umez 121)]% 100 (1)
1.3.4 JhgL O Pefn Sk )n, T
O Ge o g kit iz 28 L 2 Wy | S5 BL2= 28 X6 R s 40
JitL R R ARG SE e, A% B A M 8% 3R 3k PBS Tk 2
W0 4% 22 W [ 52 30 min, 3725 [ 22 W01
TCEKE 2 W, A 1 mL 60% 5 EEIR Uk 30 s,
725 60% 5 TN B I 3k ' I A KT I 1 4 ik £ O
TAEW, #EEHCE 20 min, FF RGO, H 60%5
I BEERTE 10~20 s 2 [] J5T3 i, ZK 8 2 W, ELEI G
LR o B INAE B 28 1K TED6 5 WA T
W52 240 TV 285 LA K g i 7K IR 4R IR

WLE A oS 38 KW, BALIN 1 mL 5N,
P FLAR AT B HR 3% B2 5 , 25 40 B P9 s v i, K 1 2
Jei 04 S TR BV TR A 3] 96 FLAR HY P A (S T
510 nm &b WS FE AR, 1 5% A AR 8 A6 I s )
OD A 53 M AT B 7 5

AEXTHE T 2 (%) = [A siomotsesn—A siomes pan)/
[A s10mmcx 1 1)=A s100mezs 1121)]x 100 (2)
1.3.5 RT-PCR iX4% 42 3T3-L1 4/l RNA,
iz B 4 o ot B T 6 L 1 AT i B R 4l g
7, i1 NCBI(https : //www.nchi.nlm.nih.gov/) ¥ 55
WAt E 51, N 25198 GAPDH, A 41 %)
2 252 PPL W45 DL K KEGG & 70 Hr 45 5, 1
SEAROCHE JOF B 51 4% BOER & Ui W B kAT
Wi S A eDNA, I 4 20 pl R R T, 2547
qPCR I, 243 F 295 °C 305,95°C Ss,
60 °C 30 s,k 40 NEER . FFH AR 2 1 0 B
AT 4B, Lk GAPDH A8 N 215 H i 36 K 11
Fik AR,
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Table 1 Information on active components of Moringa oleifera leaves
1D ot 4 AR R E A
MO1 I+ & 2% % (Isorhamnetin) 4 ES
MO02 X 2 % % (Daidzein) SRS
MO3 4% £ 53 % (Genistein) S B
MO0O4 # . F (Hesperetin ) 3 BR &
MO5 Jf 3 % (Apigenin) bR
MO06 JLZ% % (Catechin) B ES
MO7 WL Z B (Kaempferol ) SdiES
MOS8 # L% % (Epicatechin) 4 ES
M09 #t & & (Quercetin) 4 ES
M10 A B 33 (Luteolin) B %
M11 A4 % Z (Naringenin ) ¥R £
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(8E%x1)

1D 1ot 4 AR e
M12 3-# J 8 B3 (3—Hydroxytyrosol ) % Bk
M13 J& )UZ B (Protocatechuic acid) % mk
M14 # L% % (Epicatechin) 4wk
M15 4R A K F 82 (4—Aminobenzoic acid) FES
M16 x4 2 % 8 (p—Coumaric acid) P ES
M17 & F B (Gallic acid) % By R
M18 4 3 8 (Vanillic acid) F3 S
M19 xt # 35 2K ¥ B (p—Hydroxybenzoic acid) % Bk
M20 JLZ5 8 (Catechol ) % Bk
M21 T 2% 82 (Ferulic acid) %k
M22 3,4,5-=F Ak WA B (3,4, 5-Trimethoxycinnamic acid) % myk
M23 #7682 (Ellagic acid) FES
M24 & # 7 B (Resveratrol ) EES
M25 T A4 B (Syringic acid) L mrk
M26 2,6-=4 T & -4-F L K& (2,6-Di-tertbutyl-4—methylphenol ) E3 S
M27 4 3K = B (Pyrogallol ) % B %
M28 4R 2K =& (Catechol ) % myk
M29 4 3 ® (Vanillin) FES
M30 J.h2 B (Gentisic acid) FES
M31 w4k B2 (Caffeic acid) %k
M32 18] 2X =& (Resorcinol ) %Rk
M33 T 4 B (Eugenol ) F3 S
M34 X & (Phenol ) ERES
M35 3-¥ &Mk &) % & (Cirsilineol ) % Bk
M36 A #£ 5 (Cinnamic acid) FREE
M37 # 2 % (Coumarin) FAREE
M38 x4 & B (p—Coumaric acid) ¥ AEE
M39 5 I 42 8% (Isoferulic acid) *REE
M40 FF 8 (Sinapinic acid) XREE
M41 3,4,5-=% AL W A8 (3,4, 5-Trimethoxycinnamic acid) *REE
M42 4% A& 2 8 (o—Coumaric acid) RREE
M43 % #% B (Linalool ) [
M44 # A KT A(Niaziminin A) LY ES
M45 # A K T B(Niaziminin B) LY %S
M46 # A K A(Niazimin A) EX¥ %S
M47 #k A K ¥ (Niazimicin) XY %S
M48 4—(a-L- R F 45 5.4 ) X K T [4- (a—-L-Rhamnopyranosyloxy ) phenylacetonitrile] & Bk
M49  #AF (Niazicin A) P
M50 ¥ & # K % (Pterygospermin) & w
M51 %47 (Quinines) LRI ES
M52 Z K % (Zeatin) EX¥ES
M53 vk BE B 4" —o—a—-L- R v #3F  (Pyrrolemarumine 4’’ —0—a—L—Rhamnopyra- EREES

noside)
M54 WA 4—(a—L- R F Ak vwb b8 AR ) F K ZK W R F B [Methyl 4—(a—L-Rhamnopy- EREES
ranosyloxy ) benzylcarbamate|
M55 4 - KK T Bk —a-L-w v A F 4 F (4’ -Hydroxy phenylethanamide ~a~L - & Bk

rhamnopyranoside )
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M56 4= (40— LB —a—L—- R & 4 A ) F A 5 20 5B 65 [4— (4 —o—Acetyl-a—L—-tham- I AR ELBR B R
nosyloxy ) benzylisothiocyanate |

M57 4—(a-L-R FHAL) FAFAARKE [4-(a-L-Rhamnosyloxy)benzylisothio- Jt AR AUBR By £
cyanate|

M58 4-(2' —o0- LB I —a—L— S & 4 AR ) F K F A FUBR 85 [4— (2" —0o—Acetyl-a—L—rham- It AUBR By £
nosyloxy ) benzylisothiocyanate]

M59 4-(3'—0- LBt —a—L—- 5 F 4 A ) FF AR F 2L FUBR 85 [4— (3’ —o—Acetyl-a—L-rham- ST AR AR B
nosyloxy ) benzylisothiocyanate]

M60 St #LFLBR F B (Benzyl isothiocyanate ) It BLALIR By K

M61 ¥ R B (Malic acid) WL B 5k

M62 F IR e BR (Ascorbic acid) WL B sk

M63 vg % K K A B F 8 [Methyl 3—(4—hydroxyphenyl )propionate| H BB BB R

M64 A7 A% BR = L B (Triethyl citrate) H BB B H B R

M65 A% A8 BR (Palmitic acid) A AL B mg Sk

M66 At A+ N\ = H B2 (Hydroperoxyoctadecatrienoic acid) A HUER B B K

M67 = # K N\ =¥ B8 (Trihydroxyoctadecadienoic acid) HHUER B L B K

M68 A7 4% BEH b (Palmitoylglycerol ) BB B LB K

M69 9-%74-10,12,15-+ N\ 2% = 5 82 (9-Hydroxy—10, 12, 15-octadecatrienoic acid) WL B 5k

M70 3-# & + Ak Bk (3-Hydroxyoctadecanoic acid) H BB B LB R

M71 13-%4-9,11,15-+ N\ a8 =% 8 (13-Hydroxy-9, 11, 15-octadecatrienoic acid) WL B Bk

M72 + # )% B2 (Pentadecanoic acid) HHUER B H B R

2.1.2 R RE 2 08 B A 7E R e B DR B9
v, R I A 1Y SCHER] O “Hyperlipidemia” 38 3 —
FANA O bn 1 0 3%, MERCHE P bl AR T
1 969 >l 55 ¥ S K dl ;. 7E Genecards BUHiE &
i 1039 ANHE SUECHE . E v DL B R 1R
GERPEATEIMETR, WE T 1063 455
i M 56 R S A5 R 4.1.2 B AR i A S 40
S5 R g O A e S S B O o R ELAL A5
) 115 DA LB (I 1),
2.1.3  BARBIRYT IR MUAE /Y PPL M5 00 8%
115 A~ JL [ 0 4 5 A 8 STRING11.5 i 3, #
@ PPI M 4%, fii Fl Cytoscape3.7.1 i £7 1l #4k &b
B ZA5 5] PPL &, anl®l 2 fros 4 115 4
W 1174 S0 Hrp RBEARE AT, EL R
FE P A EAE T o 7 PPLZE 15 s iy R
NI, 5 e A ILAE 2 1130 A 00 R B A TR A DG OG
Z, BE BRI EA AR DGR, ALB,
TNF .PPARG .PPARA VEGFA %51 5 B ¢ %5 1 il
FRAECR PRI I T B 2 v i I 7 D B T
I HTHE S B #2807 R BAE 2 iy
RO L T N 45 1 BT Y R 20,78, 4
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e ) ®2 HAMAFSREMEXREEIAISH
ITGAL P FOFT1
 a®0g T Table 2 Topological parameters of key targets for
R b - S - 9 the treatment of hyperlipidemia with Moringa oleifera leaves
e @48 p 9 FE ket ERR B %R B
@ NR1H4 HSPI0AAT AR EsR2
L o o MBI ALB 76 0.10342263 0.75167785
PRKACA AKRIB1
- @ i . ‘ & o TNF 74 0.0909287 0.73684211
PR v/ e PPARG 64 0.09292831  0.69565217

1
P
3
. 4 PPARA 55 008146999  0.65882353
‘ W e 5 VEGFA 53 002250335  0.64000000
6
8
9

Nosz2 EGFR 50 0.03190679 0.63276836

s “ CINNBI 49 0.02991872  0.63276836

- CXCL8 46 0.01269444  0.61202186

- MMP9 44 001645662  0.60869565

10 ESRI 42 001919561  0.58947368

1 ACE 41 0.02158888  0.59893048

2 BmAM-HEMERLS PPl M % 12 NOS3 41 0.0283578  0.59893048

Fig.2 Moringa oleifera leaves—hyperlipidemia target 13 ERBB2 37 0.0126968 0.58031088
PPI network 14 HSP90OAAI 37 001492615  0.59259259

4.1.2 B w g Rt T ol gk . 3t E 4R ) 15  CCNDI 36 0.01538957  0.58333333
1 142 % BP.64 4 CC \1 14 % MF,BP &4 5inifg - 16 REN 35 0.01078666  0.57435897

EE MR KT R MR ARy 17 CYP3A4 29 0.01000147  0.56565657
W RO KRG AR cc ¢ 18 HNF4A 28 001975135 0.56281407
B AT ZRE Y A . 19 RXRA 27 001173469 055172414
WA MF R A R o KA g 20 AR 26 001107168  0.53588517
WA BB WAL i pa 20 TMGCR 23 000932345 05410628
F 001 BOHEAHT 10 (B B (U 3 Rk 3), 22 NRIH4 23 001036902 054634146

30
I Br
B mrF
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3 20
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e
e
¥ E
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Fig.3 GO enrichment analysis of Moringa oleifera leaves—hyperlipidemia targets
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Table 3 GO enrichment analysis of Moringa oleifera leaves—hyperlipidemia targets

50T R A GO %5 Figes
BP G0:0010817 # K -F 4998 % (Regulation of hormone levels)
BP G0:0009725 x4 % 69 77 & (Response to hormone)
BP G0 0008202 2% B B3 K.t i 42 (Steroid metabolic process)
BP G0:0031667 Xt 7 7K - #4 vt 5 (Response to nutrient levels)
BP G0:1901699 o, 55 AL &4 44 v J2 (Cellular response to nitrogen compound )
BP G0:0050727 ¥ & BB 499 3 (Regulation of inflammatory response )
BP G0 :0040008 4 K 4938 % (Regulation of growth)
BP G0:0003013 V83 % %eid #2 (Circulatory system process)
BP G0:0010876 fig Bt & 4 (Lipid localization)
BP G0:0050878 Wik K -F 6998 % (Regulation of body fluid levels)
MF G0 :0004879 A% Z AR % M (Nuclear receptor activity )
MF G0:0033293 ¥ % B %5 4 (Monocarboxylic acid binding)
MF G0:0005496 3% [ 8% 25 4 (Steroid binding)
MF G0:0016705 A A Z JR B % M (Oxidoreductase activity)
MF G0:0017171 2 Z PR K fi% B 7 M (Serine hydrolase activity)
MF G0 :0005504 Ji§ )b BR 25 4 (Fatty acid binding)
MF G0:0042803 & 8 it Bl R =R AL 7% (Protein homodimerization activity )
MF G0:0004939 B-'B LR & 4k % 4k &t (Beta—adrenergic receptor activity )
MF G0:0019902 B B3 B %5 4 (Phosphatase binding)
MF GO 0042562 # % % 4 (Hormone binding)
CcC G0:0031983 % 8 1 (Vesicle lumen)
cC G0.0045177 a8 i, TR A1) 3R 4~ (Apical part of cell)
cC G0:0043235 Z #2441 (Receptor complex)
CC G0:0031012 4m e 9 A R (Extracellular matrix)
CC G0:0045121 JE B2 4 (Membrane raft)
CC G0:0009897 Ji BE SR (External side of plasma membrane )
CcC G0:0098992 A 22 705 % #0848 (Neuronal dense core vesicle)
CC G0:0101002 % 4 Ficolin—1 %9 % 42 (Ficolin—1-rich granule)
cC G0:0048471 a8, i 4% Bl R 3%, (Perinuclear region of cytoplasm)
CC GO :0005769 3 A & (Early endosome)
KEGG MBS A A BT 65 170 20 H R (CABORI B G S A B 4R 047
R PE/NT 001, BHEAHT 20 LM E % BORMHBER A S S THT 20 @A %, H
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Fig4 KEGG enrichment analysis of Moringa oleifera leaves—hyperlipidemia target

#4 KEGG B&HEEREX MBS
Table 4 KEGG enrichment pathways and their corresponding targets

KEGG i@ % % 5

Eiged

Yok

hsa05207

hsa04933

hsa05417

hsa03320

hsa04931

hsa04066

hsa05418

1t % 8 & — % # # 7F (Chemical carcinogenesis ADRB1 IADRB2 |IADRB3 IXIAP IAR ICCNDI ICYP1A1 |

— receptor activation )

¥ fk A Ot A JE F 49 AGE-RAGE 45 %5 i %
(AGE —-RAGE signaling pathway in diabetic

complications )

g Jiv 5 2h bk # A 22 4L (Lipid and atherosclero-

sis)

PPAR 15 5 i@ % (PPAR signaling pathway)

M % 2 3% 4% (Insulin resistance)

HIF-1 15 5 i@ % (HIF-1 signaling pathway)

AT e 5 3k # AR A (Fluid shear

stress and atherosclerosis)

CYP3A4 |EGFRIEPHX2 [ESR1 [ESR2 IHSPOOAAT INFKBI |
PIK3CB IPPARA IPRKACA [PRKCB [RPS6KA1 IRXRA |
RXRBIRXRGIVDRIVEGFA
AGTR1ICCND1IF3[ICAM1ICXCL8 IMMP2 INFKB1INOS3 |
SERPINE1IPIK3CBIPRKCBISTATTHTNFIVEGFA

CYPIA1 ICYP2C9 IHSP9OAAL [ICAM1 ICXCL8 IMMP3 |
MMP9 INFKB1 INOS3 [PIK3CB IPPARG IMAP2K7 IRXRA |
RXRBIRXRGITLR4ITNF

CPT1A ICPT1B IFABP4 I[FABP1 IFABP2 [IPPARA IPPARD |
PPARGIRXRAIRXRBIRXRGISCD
ACACBICPTTAICPT1BIINSRINFKB1INOS3IPIK3CBIPPA-
RAIPRKCBIPYGLIPYGMIRPS6KATITNF
EGFRIERBB2IFLT1 IHMOXT1 IINSRINFKB1 INOS2 INOS3 |
SERPINE1IPIK3CBIPRKCBITLR4IVEGFA

CTNNB1 [HMOX1 [HSP9OAAT IICAM1 IMMP2 IMMP9 |
NFKB1INOS3IPIK3CBIPLATIMAP2K7ITNFIVEGFA




%25% M2 IR T W % 25 20 5 o dm JAARE AL G SRR o R 5 T IR BT ST 47
(8% 4)
KEGG & % % 5 Fh ik e b
hsa04152 AMPK 45 % i# % (AMPK signaling pathway ) ACACBICCNDI1ICFTRICPTTAICPT1BIFBPIHMGCRIHNF4A|
INSRIPIK3CBIPPARGISCD

hsa05171 &K A A A —#1 &AM % (Coronavirus disease — AGTR1IACEIEGFRIF2IIL2ICXCLSIMMP3INFKB1IPIK3CBI
COVID-19) PRKCBISTATI1ITLR4ITNF

hsa04922 M % ¥ % 45 5 i % (Glucagon signaling ACACBICPT1AICPT1BIFBP1IGCKIPRMT1IPPARAIPRKA-
pathway) CAIPYGLIPYGM

hsa04020 #5145 5 i@ % (Calcium signaling pathway ) ADRBI1 IADRB2 IADRB3 IAGTR1 IEGFR IERBB2 IFLT1 |

NOS2INOS3IPRKACAIPRKCBIVEGFA

hsa05323 X FUR % X ¥ X (Rheumatoid arthritis) FLTTICAM1ICXCLSITGALIMMP3ITLR4ITNFIVEGFA

hsa04928 WK G R E 69 AR . 4 sk A= 4F A (Parathy- EGFR IMMP14 IPRKACA IPRKCB IRXRA IRXRB IRXRG |
roid hormone synthesis, secretion and action) VDR

hsa04976 fe it 4 (Bile secretion) CFTRICYP3A4/[HMGCRIABCB1IPRKACAIRXRAINR1H4

hsa04932 3k 7B M M B8 B AT (Non—alcoholic fatty liver CXCL8IINSRINFKB1IPIK3CBIPPARAIPPARGIRXRAITNF
disease)

hsa04217 3% 5t (Necroptosis ) XIAPIHSPOOAATIJAK3IPYGLIPYGMISTAT1TITLR4ITNEF

hsa00500 W ok o B OB A (Starch and sucrose GAAIGCKIPYGLIPYGMIMGAM
metabolism)

hsa04975 Jig Wi 4 A¢ A= Bl (Fat digestion and absorp- FABP1IFABP2IPLA2G1BIDGATIINPCILI
tion)

hsa04610 AMK Ao %t oo 28 8% (Complement and coagulation F2|F3IF10ISERPINE1IPLATIPLG
cascades)

hsa04371 Apelin 43 5 i@ % (Apelin signaling pathway) AGTRI1ICCND1INOS2INOS3ISERPINE1IPLATIPRKACA
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Oy AR TR IR SR REER MEER T
TkElR ABFEYE J7RR SRR R
I Zs iy B R 3,4,5-= H AL AREIR 3-5 5t
TNBERR Mk 2R 3-SR A B 2 A M DG AR Hh
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22 HFIESH

H PPT 26 i 6 1 6 > G HEHE o5, A5
ALB TNF .PPARG .PPARA \VEGFA EGFR (4 5
X B H L 44 B K HE Uniprot 1D WL 6) 5 “ i 43—
g B X 4% v O S S T 15 A DG B T 1
SrilEAT Ay A A RR T A A& 6 iR Bl
BB, kST 5ZKEANS GRS
WiksE 90 N ZR-FL iR 4L &b 66 455
AEMK T (=20.92 kJ/mol) , /5 [t 73.3% ;42 4B A i
1454 g/ T (=29.29 kJ/mol) , i Lt 46.7% , = W]
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Fig.5 Moringa oleifera leaves—hyperlipidemia target

pathway network diagram
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Table 5 Main active ingredient network node characteristic parameters of Moringa oleifera leaves
D 5 R 5 EAEE K A JE
M40 T 25 0.405010 0.059208
M65 A AR BR 25 0.388778 0.059244
MO03 BEFIFE 22 0.405010 0.049170
M11 AR FE 22 0.396728 0.041257
M72 + kR 22 0.372361 0.040643
M10 AR 21 0.408421 0.022592
MO5 FRE 20 0.405010 0.020184
MO1 FREE 19 0.405010 0.016795
M24 ZE 19 0.398357 0.026513
MO7 WL 7S By 19 0.396728 0.014622
MO04 [0 4r 19 0.395112 0.034519
M22 3,4,5-=F AL NAER 19 0.393509 0.021278
M70 3-# K+ A\ KB 19 0.358595 0.031689
M09 it F 18 0.401656 0.014501
M35 3-WARKE HE 18 0.395112 0.015355
*6 BEMEEXHXBEEORS
Table 6 Key protein targets related to hyperlipidemia Mo1
ECE RS Ea¥ %5 Uniprot ID L
aikaE ALB P02768 Mo
I % 3R 5e ) T TNF P01375 xgj ZE AR/ (kI-mol)
SR BRI AY  PPARG P37231 - 10
BEZKy M10 .
i R AL B AR 3G A PPARA Q07869 % E Ml
BE LR o B3 v -30
mEREERET A VEGFA P15692 M24 w0
AR ERRTF A EGFR P00533 M35
M40
A ORI R ER 4 25 M UG B, B Mos B S8 a0 er o
pormeminc Fmaae ot EEEEEERERE

B, IR B0 BCE VAR YT R R NUAE B

i 4> F X3 T80 EGFR \PPARA (ALB
2R GBI P45 G Re i B, HED A A
SRIEE AN A I 3 AR ST R A
RE = 1 2 /N TR (3 6 41, 4G EGFR-
KRR EH EGFR-H % 2 ALB-/73£ % ALB-K
JRHH PPARA-JT 3 %R \PPARA- KRB B %),
HEAT AR -2 A 5 X 09 40 17, FIL A Pymol 3£ 47
AIALAR, RS TE A 32 AR I 1 A7 a5 B AR AL
SR HEAT TOUL R T A A B S5 RN T s,
PR AT IR A P 38 i = 2 o U R 1 A
fdBRA /N o3 B AR 25 5 21 2 11 32 AR TG PR 6 A5

ALB EGFR PPARA PPARG TNF VEGFA
324K
Rwceptor

B 6 #SFXERNESHR

Fig.6 Thermodynamic analysis of molecular docking

2.3 BmAMEHBERT 3T3-L1 AR REREE
S5 BB

2.3.1 B R R X 3T3-L1 410 36 5 1 52
M ok A MTT 3% & 0,5,10,20,50,80,100
wmol/L ¥ & B B it 2 B (Quercetin) . 111 2% B}
(Kaempferol ) , 5 i 2= & (Isorhamnetin) X 21 g 1%
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Fig.7 Schematic diagram of molecular docking interaction
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Fig.8 The inhibitory effect of three flavonoids in the extract of Moringa oleifera leaves

on the proliferation of 3T3-L1 preadipocytes

2.3.2 BRI R AR XF 3T3-L1 40 431k 1) 5
M AT O Ye vk R 3 Ak it 40 i 4y
b K H PR R, a5 R L 9, 5 Xt R4 AR
e, A B2 )5 ,3T3-L1 40 M i 434k 2 ) 1
N TR B A 0 Ak 200 T T A /N /N | 2R A B 0
AR . PR B A R S g
3 41 A Y v 48 S B 3R A P e e T PR

W FE 50 wmol/L B, FLRE I 75 1t 433 B % 8.45%,
16.28%,31.33%,, WA, 8t AR R R BT S5 R 2=
A A AL B VE R AT AR B, A0 e B i AR
SR A 5 2R F AR B A T I e B
T % 23.75% (20 wmol/L) #1 31.33% (50 wmol/
L),
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Fig.9 Effects of different bioactive compounds on lipid accumulation in 3T3-L1 adipocytes

2.3.3 BRI B B AT 44k g BT i P9 iR ¢ 15
AR F R AR 405 I 2% 24 B 2% PPT M 4% DA J
KEGG & ®E 4 iras B, B2 41 2 HE 5 8 TNF,

PPARG .VEGFA _PPARA .CPT1A , #0559y ¢ 51 3
W7,

x7 slMEFET
Table 7 Primer sequences
Jr 5 HE S A31(5°-3") 7= i K /bp
1 TNF L GGTCCCAGCTTAGGTTCATCAG 95
T ATACGGCCAAATCCGTTCAC
2 PPARG L ACCCTCACACTCACAAACCAC 94
T CTTTGAGATCCATGCCGTTGG
3 VEGFA By CTCCAAGAATACCAAAGTGCGA 82
T i GCCTGTTGTAGAGCTGGGTC
4 PPARA L AGCAGATGTGAATGCAGACCAA 100
T GGGATTTCTTGCGCTTTCGT
5 CPTIA L TTCTCAGTCCATCGGTGAGG 113
T CTGGAGAGAGGGTGTCTGTGAT
6 GAPDH L ACTGTACGCTOCTGCACTAC 80
T AACCTCTGCTCTGCCGTTG
W& 10a~10c fi7s, 7E 50 pmol/L (M K 5 | 3 iTtig

Il . S RAEREMT ,3T3-L1 5548 M b
PPARG .TNF VEGFA mRNA ) £k /KB E T
R (AR B 5 R Rk 093, 4
OCHE AR s B Rl 2 358 ek, A&l 10d i
10e 7, 23 AN TR 1 kb BB, 3T3-L1, i 15 40 g
"1 PPARA F1 CPTIA mRNA {35k 5 2% E
Tt UEWIBUAR i 5 B2 92 TS PPARA/CPTIA %
53

o5 I I AE e — bR B A QI SR SL e, IRE S
5 S VBB, AN sl koK R RE AL AR O . R T
AR AT 7, R R I B CHI KA B4
ARMPCT AR, JEE R0 T NS AR 1 i
i P, A BRI INEG T R i HLAE X T BT
BRI e 2 i TR IR A2 & 25 W)
Gy HERIE T, WRSE AT BOR AR T T R A
FRIR IR T S IR MLAE o ASWF 8 i j) 2% 2
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Fig.10 Effects of flavonoids from Moringa oleifera leaves (quercetin, kaempferol, isorhamnosum) on mRNA expression

levels of PPARG (a), TNF (b), VEGFA (c¢), PPARA (d), and CPTIA (e) in 3T3-L1 adipocytes

B2 7 VR R BRI v () R SR 7 Wy AR Bt 5 MR ILAE 1)
Yy ml | VR S DL R A 5 I S T AT )
S e 1 BUR s e SO S W T DR A D e
T 50 X T 5 SR AT B IE

AR A 355 1 B 435 v L A S 0 1) 28 4
A0S M EE Y PPT M 4%, & 3 ALB . TNF .PPARG .,
PPARA \VEGFA EGFR %54 5 78 BOA - 155 1M
JEAER AV S B AR CHAEH, A&EA
(ALB) BAKMBE T RFEEMEARZ —, A
AT I A 0B R D RE R R TR )
T (AN IR R AR ) LA B AN IR T 25 Y
BRAR AR AR (R MR R SE I 7 (TNF) 2 5 15
AR A o1k g AR AR HOK T R ik
A5 RE R0 7 PN P AR 1 05 1 i I o ), A
M Z 3 &k PPARy (PPARG) Fl PPARa (PPARA ) 1E
Ry R 3k AR A ) Tt AR 348 TR0 32 AR W G A A%
A 1 5L 5 (PPARs) , J2& B 17 B 5 1 G gk o 45 1A
T8 3% PPARA Z K5 , G A TS

5 B-E Ak i FA SHUR TG 4 i AR 0 S5 4
AT T 248 i P B S5 R K Ak A AR i A s
A TS R BAR 0 S AL R, i P R AR K
T ACVEGFA) £2 I8 AR 17 41 2 e i A8 2 0 e
KHEME, KA KN TFZEAERKKTFZK
(EGFR) 1E 41 Jf 4 51 | 53 46 A0 8% Hofe 5 o 224
FHPL,

KEGG 43 Hr 45 5 /s 22 455 538 % 5 1= g i
i 5% YA G, b A 456 Ak 2 B0 - 2 0SB IR
5 I & i TP Y AGE-RAGE 15518 % 5 5 5 3 ik
s FERE AL PPAR 15 53 #% 5 ZALHT HIF-1 15
S P A o PPAR 5538 B i 2 5 I8 [
(6 B o3 e 107 R S A 55 2 A AR 2 B 4
R Mg o A 9 20 2557 i, DUTT IR 1 It i ACF R
HIF-1 {5 5l g5 52 SRR, & BUm s
P B DR B 238 | AT AR 107 2 1 43 i AT, S Sk
A FIAG 17 2H 20 B i B 0 0 — 25 BB A i
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Studies on Moringa oleifera Leaves Components against Hyperlipidemia through Network
Pharmacology and Cell Model

ZHENG Yueyan, ZHANG Ziyan, ZHOU Su, YAN Xiaoxue, LU Baiyi, JIANG Yihong"
(College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058)

Abstract Objective: To explore the active compounds and integrative mechanism of Moringa oleifera leaves in the treat-
ment of hyperlipidemia based on network pharmacology. Methods: The chemical components of Moringa oleifera leaves
OMIM,

DrugBank and protein interaction analysis was carried out by String. Metascape was used to perform GO and KEGG

were obtained through literature mining and CNKI. Hyperlipidemia targets were obtained via Gencards, and
analysis. Finally, the molecular docking was performed by AutoDock Vina; experimental validation was performed by
MTT, oil red O staining, and qRT-PCR on 3T3-L1 cells. Results: The core ingredients of Moringa oleifera leaves were
sinapinic acid, palmitic acid, naringenin, etc. The core targets were ALB, TNF, PPARG, PPARA, VEGFA, etc. The
signaling pathways included AGE-RAGE and PPAR signaling pathway, lipid, and atherosclerosis, etc. The molecular
docking indicated strong binding activities. The experiments of 3T3-L1 cells showed that the toxicity of flavonoids to cells
was significant at high concentrations (50-100 pwmol/L), the fat content decreased by 8.45%, 16.28%, and 31.33%, re-
spectively, after the intervention. PPARG, VEGFA, and TNF expression decreased and PPARA/CPTIA signaling pathway
significantly increased after the intervention. Conclusion: Network pharmacology was used to predict the compounds and
mechanism in Moringa oleifera against hyperlipidemia, which were confirmed by molecular docking and cellular assays,
suggesting that Moringa oleifera leaves could be a potential therapeutic compound for reducing intracellular lipid levels.

Keywords Moringa oleifera leaves; hyperlipidemia; network pharmacology; molecular docking; 3T3-L1 cells



