MEBSCO 7 P EBD2ARBITIRCCSE

& El eSS AN bl
\_J M Scopus &1 v R T
m ’ M DOAJ M E BB DI FICSTPCD

SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA o ST % (WICT) 4%
M FSTA o & SRR S TR T R I g H 3 55— 5B T1
HF ISSN 1002-0306  CN 11-1759/TS 7 IST

FT YLD SRR R SR B AR B BB 220 PR R

ROZ, B R, KA, KRR, A, RAR

Adjuvant Prevention of Type 2 Diabetes of Citrus Peel Based on Bionetwork Analysis
ZHANG Yan, YAN Ping, ZHANG Hua, ZHANG Han, ZHENG Mengdi, and CHAI Xiyan

TEZRIR]IE View online: https:/doi.org/10.13386/1.issn1002-0306.2023010158

L] RERGBR Y HAN S R

Articles you may be interested in

LT 2 25 B AT MR 28 T RIS AL 5 W0iE Y LURDRE PR B/ HIPIL ]
Mechanism of Caffeoylquinic Acids in the Treatment of Type II Diabetes Based on Network Pharmacology
B TR 2021, 42(14): 16-24  https://doi.org/10.13386/1.issn1002-0306.2021010111

BET 25 2 BEAA PR MERE FL IR U D880 o3 B /R I BL
Action Mechanism of Inonotus obliquus in the Treatment of Diabetes and the Material Basis of Pharmacodynamics Based on Network

Pharmacology
B TR 2021, 42(22): 18-29  https:/doi.org/10.13386/1.issn1002-0306.2021040268

T W 45 24 L R FIURTF- T AR B £ B

Mechanism of Anti—depression Mechanism of Akebiae Fructus Based on Network Pharmacology

i TR, 2021, 42(14): 815 https://doi.org/10.13386/1.is5n1002-0306.2020110295
FETF L 2 5 01X R AR g5 I S S R T B VR FBIL A

Mechanism of Relieving Alcohol and Protecting Liver of Yigancao Herbal Tea Based on Network Pharmacology and Molecular
Docking Technology

£ Tl BHE. 2021, 42(8): 8-18  hitps://doi.org/10.13386/j.issn1002-0306.2020070092
FET 2% 2T 50 BT S BUA fRRATT A 28 R G 1 2350 o 3l B2 AE R AL

Analysis of the Pharmacodynamic Material Basis and Mechanism of Dendrobium Nobile in the Treatment of Nervous System Diseases

Using Integrative Network Pharmacology
i TolLBHE. 2021, 42(13): 1-10  hitps:/doi.org/10.13386/j.issn1002-0306.2020110140

WOIHERSE 25 7 BRI AL 5 W BRI A1 14 T 45 24 B~ T 5
Network Pharmacology Study on the Antibacterial Activity of Caffeoylquinic Acids
B TbEHE. 2021, 42(13): 11-20  https://doi.org/10.13386/j.issn1002-0306.2021030017



http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023010158
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021010111
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021040268
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020110295
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020070092
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020110140
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021030017

KEMAF AT, PAFHEZFENLEE



5 45 % 5 5 i Tl B Vol. 45 No. 5
2024 4 3 H Science and Technology of Food Industry Mar. 2024

K, BV, kAR, . T AW AT G B A B S B TR, 2 RO E T [J]. &5 Tolk B, 2024, 45(5): 319-330. doi:
10.13386/j.issn1002-0306.2023010158

ZHANG Yan, YAN Ping, ZHANG Hua, et al. Adjuvant Prevention of Type 2 Diabetes of Citrus Peel Based on Bionetwork
Analysis[J]. Science and Technology of Food Industry, 2024, 45(5):319-330. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2023010158

BRI

T HEY ML Bt s %R R B E B b
2 BB PRINVE

ik EL,E FE,H 45k T RN, LR’
(1.H%ES, B H% 710021 ;
2. 992 W iE B fa4E R B A PR E]) , TR G 7% 710065 )

W OE: A4 AR R BT 2 AR R R E R SAE . ik RSN AAG B A R R ST
o-ABH BRI E EN, BB NEBEEMLTRGERRSBRLTRGERANE, BALTFERIE, 2
%:wmﬁﬁéﬁ%%&%ﬁa%%%ﬁﬂimwﬁﬁm ﬂ&& CEAEAETAXA., ABHEF i T2t
BRAMM, FREERSAEEF. BEE. AHRTRETANRSXFRERIH H o4, 5K EF a9 PI3K-
AM\M$HEJE WA *, fed® A% 49 VEGF 175 ﬁ%#ﬁ% REEHNZRD. i6: HWEEHEME
RS o-ABFEEA AP RIE R, TR 2 AUME R R A — 2 9B TR 694 o
KABIR]: AT B R, B ), & 2532 5 AR A

FE4r35:TS202.1 X ERFRIRAD: A X EHS:1002-0306(2024)05—0319—12
DOI: 10.13386/j.issn1002-0306.2023010158

Adjuvant Prevention of Type 2 Diabetes of Citrus Peel Based on
Bionetwork Analysis

*

ZHANG Yan', YAN Ping"", ZHANG Hua', ZHANG Han', ZHENG Mengdi', CHAI Xiyan®

(1.Xi’an Medical University, Xi’an 710021, China;
2.Xi'an Yurun Baide Health Management Co., Ltd., Xi’an 710065, China)

Abstract: Objective: To elucidate the main components and mechanism of adjuvant prevention of type 2 diabetes of Citrus
peel. Methods: The inhibitory activity of Citrus peel of a-glycosidase was determined in vitro. It were used to predict the
material basis and potential mechanism of Citrus peel in the treatment of type 2 diabetes by network pharmacology, and
verified the results by molecular docking. Results: The a-glucosidase was inhibited by 13 kinds of Citrus peel and showed a
dose-effect relationship in the linear range. It was predicted that the active ingredients naringin, tangeretin and lauric acid
might inhibit hyperglycemia through oxidative stress by network pharmacology and molecular docking. Citrus peel
treatment of type I diabetes was related to PI3K-Akt, Ras, HIF-1 signaling pathway in inflammation and vascular related
VEGF signaling pathway. Tangeretin was the main component. Conclusion: Citrus peel had an inhibitory effect on a-
glycosidase , which might play a role in the prevention of type 2 diabetes.

Key words: Citrus peel; enzyme inhibition; network pharmacology; hypoglycemic effect
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MFEES L A S S (Citrus sinensis Osbeck)
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WHEBIRY T R VARG ™, 2 m AR N A NS5
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W PRI (diabetes mellitus, DM) 2 & UL 495
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2HEFE XSRS | a- W B 70 5502, 1T DA REpE 24
WITEAEAN RN, TR AIRBE A Sl R AR B0
T SRS B R R EE RS ). I o4
PP PR AR KA A P TE AR, AT
N HUHE S, SO RSN o- 200 B 1R
JH AT T T G RS P4 It

A= X 45 53 Br 2R FH P 4% 24 B2, R TR AL,
ARFNRZEAE N FRGEZ RN 2 1 B, T 55~
- T 2 R RS, fETAE AR B 22k
43 22 [A] i S BRI AL, R R JEL 245 280 ) T R Al A P
HT B AT XA Al A A P S DA B
VER . a5 B BE=CRIsE AN 701, AR LS Rr )
NP2 VA R £ e R Y (6 ) 0 b S s R e 1B I [EN 1B SUARE s 7N
ST TR AR A S B B EAE FH AR o

AT S FHAR ST o787 26 W8 7 B0 40 7E FH VO
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SR e A X 285 24 32 55 43 X e R AR T L AT
HeFH Bh T T2DM M5 S5VE FIBLE], LLAEH R B 5
DL ZE AR AR S AR IR B2 AT A5 AR S Rt B B R
R FHTF 2 BUBHERIR TG .
1 MRS
L1 S

MR oA 2 PE B (26 U/mg) IR
Py Ft 4 BR 2\ F] 5 PNPG( P-Nitrophenyl-d-D-gluco-

pyranoside, 4-fifi 3L K -a-D-ML I 1) g
SEAMEHE A B A BT REAE(BR, 4l = 95%) &P
SRR ARA PR 75 oK ZBE(AR, 4l = 99.7%)
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1000 7Y g Il L 25 28 7R ot B AL 2% Ak =X 25 4k
SQP BIFEF43HT R SR FIHIRFAES (AL DA
B 28 w5 B BRE R K e B db s i 7k G R BE Y7 A
I
1.2 SEAE
1.2.1 A JE AR R B S U R 1A il 28 MRS a-
2 B B R S PRI R 13 HEAH AR A R
50 °C T 60 min J5RiELE 24 H I, W5 FREBURE 5
5.0 g BT 250 mL EZEHEIEHH, in 50 mL JosK 2
5 200 Hz #8775 $2H 30 min, 538, $2H 2 &, & 3108
W, YRR, 75 TASFE PR IR 77 -

LS5 Sk [17-18]0 43 BIFREL LA 45
60 mg IZH, T 5 mL 5=l PBS & IF &%, 15
12 mg/mL HIRESIEI, Mk 4. 6.8, 10, 12 mg/mL
FAAF AR S I VR o A 28 FREX 1.8 mg(26 U/mg) a-F8j
EIRETFEF AR T8 T 5 mL &5 &0 PBS I 3F &
25, Hil45 9.36 U/mL 1Y) o4 785 ¥8 7 B 15 R - FRER
PNPG 14.5 mg T 10 mL &, FH PBS &3 &
75, #1458 4.8 mmol/L 1Y PNPG AW . FREX 52295 ¢
Na,CO;, T 50 mL ZEHRIEM I E 2 RIS 1.0 mol/L
Na,CO, W . FREL 60 mg BiT-RIEHHE, T 5 mL &
R ITREZS, 45 12 mg/mL B -RIEOBHA R, T e
J7 4. 6. 8. 10 mg/mL - SIEBHAT -

7 96 FLA H, AR UL ZE 2, AR Y

R R ELORIR

Table 1 Sample information and source
5 ARy LR FrTC H TR i
S1 2017 TG Citrus aurantium L. 2iktilisy R4 AR AR
S2 2020 TG Citrus aurantium L. 2iktilisy R4 AR AR
S3 2020 FRtE B Citrus aurantium L. 2iktitiss Fh 4 e
S4 2019 Tl Kz Citrus maxima (Burm.) Merr. AT R IEE R SR T
S5 2021 ii1)>:4 Citrus maxima (Burm.) Merr. RN S RIE A A SR T
S6 2021 fif9ra Citrus sinensis (L.) Osbeck KT IR E SR T4
S7 2018 LU TributexCitru ity IR A AR T
S8 2019 TPBERS FZ Citrus reticulata cv. Citrus tachibana Blanco KT IR E SR T4
S9 2021 TP F2 Citrus reticulata cv. Citrus tachibana Blanco R IR E SR T4
S10 2022 TPRERG R Citrus reticulata cv. Citrus tachibana Blanco KA IR SR T4
S11 2021 =154 Citrus reticulata Blanco R IR E SR T4
S12 2020 KAz Citrus reticulate cv. 'Chachiensis' R IR E SR T4
S13 2021 IRAT B Citrus reticulate cv. 'Chachiensis' KA I R E SR T4
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A PBS ZZthil, - HIEIREH ARSI, 37 °C

TEYRIEE 15 min, LA PNPG 9, 37 °C HE 30 min,

JIMA Na,CO; ¥ 1R, 1E 405 nm F4K R,
BRSNS AN TR O A AR SN TS WG R . AR
NIRRT a- AW B EERYANEI 5, A%
2 2 T, Ag ZH R BHPEXT BE, AR Sh A R BE B
U AR A, A TR E =R
K2 o-MAPETY G LY kR
Table 2 Addition table for a-glucosidase inhibition test

4% PBS(pL) f(pL) BEFH(pL)  PNPG(uL) Na,CO;(pL)
Al 120 15 15 30 60
A2 135 / 15 30 60
A3 135 15 / 30 60
A4 150 / / 30 60
A5 120 15 R e 30 60
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PPI M 2&, 31 FH /M4 “ CentiScape 2.2 Menu”, £ H
H A (Degree) , 41 (Betweenness ) Fll 55 25 i
( Closeness) 2 ¥8 ¥, 43 #r JL 45 SR 45 21 R Bz T 71
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1E PDB I8 4= & 2 A6 B 19 &5 11, PR 47 PDB #%
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I R SRS 2D g4, I LA mol2 A=A,
JH PyMOL #4544k PDB #%3. FJH MOE %4
ST BT IR A, TR LT . fe i MEEEL
1k, J& 5N 551 PDB A% Ui T 0422, 45
A HE<—5.0 kJ/mol &5G J1 RUf, BUEM /NG & BE ST
AR 720
1.3 iR

ARG N A 0 5 i FH X £ S 6%, FH OriginPro
2021 AbHE o 25 24 B A K Gy 0 4R 41 Az
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tascape(https://metascape.org/) . SwissADME #{(J%)%
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? BERESH
2.1 HIGEEYIREEI o- BB TEEESHIEEENE

FHER 3 AT A0 13 ALAHARS S AR ) 36 2 28 Fh 19 2R
Fe RGN o~ A BT RE AT M dIfEAH . S1~S13 1Y
2B e BE ICs {H 43 51 S 8.40 9.1, 8.3, 15.6.
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Table 3 Inhibition rate of a-glucosidase by samples with HorpybERS B . PR S I AR SR T B A el 25 Ak 1% o
different concentrations (%) B 7 ST ) 2 SR AR U
ez 2.2 HREEYREENEE MR SR TUN

el

40mg/mL 6.0mg/mL 8.0mg/mL 10.0mg/mL 12.0 mg/mL 2.2.1 IEMERES M TCMSP i 2 Fs a) Seikat

S1  26.71£1.31 38.74+0.98 47.07+0.41 58.90+1.55 67.68+1.24 &?%WT%E*E%%EZEP%@@% ﬁﬁé;}é ﬁ*%%%;}é

S2 28545127 38.07+1.12 46.24+073 5474173  60.50+1.36 s o . .
YE RIS AE 245 65 PP R LG YT, &
S3 20.36:0.65 40.93:1.67 49.13£0.68 58.04=095 64.86+1.61 s i = -

. e AAn N ol Pas S
S4 5374033 13.45£026 20.92+0.15 28.60£0.72 36.24+0.85 SwissADME [ulifiiiiz it 40 B/ EYE LG . 1Y
S5 27.0440.79 39.43+0.31 52.05£0.89 63.56+1.68 74.80+1.33 FFE 25 AR LR AR B BB >, g5 3¢ 4.
S6  26.74+0.53 33.0240.46 45.45:0.05 57294123 69.20+1.29 222 HHGIEME R TH T2DM %0 HAR LS
ST 27.62+027 35.03£0.77 43.66+0.66 5427+131 65.46+1.39 ‘ ' o N "

S8 54.73:1.16 6236:1.41 69.14£148 76.79+1.26 83.06+1.09 Pyl M\ Swiss Target Prediction W3 1aRA5AH AR
SO 55.13+1.54 61.68+128 69.91+1.59 77.16+1.84 84.74+1.33 JEAEY R B2 A PSR S s Bbr . MBRE R
S10 52.92+127 60.49+133 67.97+127 74.98£1.91 81.19+0.31 S T 480 A 2 UE Mk R 4> A . A Mala-
S11  23.824028 33.5140.58 42.45:0.97 50324193 57.33£0.09 Cards B0 4 J% F1 GeneCards % 42 72 3 1o 18 22 A 15

S12  32.23+0.37 43.40+0.76 54.81+1.11 63.91+£0.81 71.29+0.06

« q- - » - e ZEL A
SI3 4320084 52.6240.94 60.82+1.37 67.6040.69 74.11+0.31 diabetes mellitus type 273L3 4+ 577 50T T2DM
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Table 4 Information on active compounds of Citrus peel
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3 \0
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Table 5 Common targets of Citrus peel active components and Venny 2.1 s ARIOCR AL it 98 A~ DL S, AT A
T2DM TRERULIE 1, Bt 538 EME R T AR
fr “« AN
e i e i e 0 Cytoscape 3.9.0 {4 #4y 5 *H*%‘JE*E%%&&)% #
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Fig.3 PPI network of common targets of Citrus peel in the treatment of T2DM
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Fig.4 PPI network visualization of common targets of Citrus peel in the treatment of T2DM



%45 sl i, T ARSI R SR BB 2 BUEIRE A - 327 -
# 6 T2DM [ PPI MZAZ L s F i o2 2R
Table 6 Topological analysis results of PPI network core targets of T2DM
95 L B I K 'S A BEfH I EE KR
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9 EP300 31 152.7547866 0.00591716
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Table 7 Docking score of active ingredient and T2DM target
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