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Action mechanism of Sijunzi Decoction in treatment of type 2 diabetes mellitus
based on network pharmacology
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Abstract: Objective The main active components and targets of Sijunzi Decoction for type 2 diabetes mellitus (T2DM) treatment
were predicted by network pharmacology, and the potential mechanism of multi-component-multi-target-multi-pathway was discussed,
and INSR and PI3K in the AMPK signal pathway were verified in animal experiment. Methods Based on TCM system
pharmacology database and analysis platform (TCMSP), literature mining and previous studies of our research group, the chemical
components of Sijunzi decoction and its four herbs Codonopsis pilosula, Atractylodes macrocephala, Poria cocos, Glycyrrhiza
uralensis were screened. Three conditions of oral absorption rate (OB), drug-like (DL), half-life (HL) were used to screen the active
components of the drug; The targets of active components were predicted through the Swiss Target Prediction database; TTD, Drupe

and DisGNET databases were used to screen the targets of T2DM. After mapping the component target and disease target, the

RS HER: 2019-09-21

EEUB: LA M RIE (2013011048-6); (IFHHEEZKEE S FWHE (2019PY-117)

fE& @I X 8, TEEEIAE, EEGITOTRDETE. HiEOR, L Z. Tel/Fax: (0351)3179903  E-mail: liupeisxzyydx@163.com
*BIEEE BAHR, DA, BIZER, FTEAFRLHAE. PR, MrLZu. Tel/Fax: (0351)3179903 E-mail: dxjzhyxy@163.com



¢ $# Chinese Traditional and Herbal Drugs 3 51 % %5 6 3§ 202043 A

* 1549

interaction network of the target proteins of the active components was constructed by using the software of Cytoscape 3.2.1. Through
topological analysis of the network, the nodes with degree of freedom > average degree of freedom were screened out, and the core target
network of core active ingredient was obtained, while using the String database to draw core-target protein-protein interaction (PPI) networks,
using DAVID database for GO analysis and KEGG analysis of core target genes to construct core active components-core target-metabolism
Path network diagram to explore the potential mechanism of Sijunzi Decoction against T2DM. The system docking site was used for
molecular docking of the top 5 components and the top 3 proteins. Further, animal experiments were used to verify. SD rats were fed with
high-sugar high-fat diet combined with low-dose streptozotocin (STZ) to induce T2DM model, and administrated with 5.65 g/kg Sijunzi
Decoction for 28 d, and the levels of blood glucose (FBG) and oral glucose tolerance (OGTT) of each group of mice were determinated. The
InsR, PI3K mRNA expression in AMPK signaling pathway was detected by RT-PCR. Results A total of 113 chemical components were
selected from Sijunzi Decoction, involving 47 targets for the treatment of T2DM. Twenty-two core components and 27 core targets were
screened according to node degree of freedom > average degree of freedom. The GO analysis results showed that it involved seven biological
processes such as blood glucose homeostasis, positive regulation of adipose tissue development, four molecular functions including steroid
hormone receptor activation and drug binding, and cell composition including the plasma membrane and nuclear chromatin. The results of
KEGG analysis showed that it might treat diabetes through 14 signaling pathways, such as AMPK signaling pathway, PPAR signaling
pathway and insulin resistance. A total of 60% of the molecules had intense binding activity and 40% had stronger binding activity. The results
of animal experiments showed that Sijunzi Decoction could significantly improve OGTT (P < 0.001), and decrease FBG (P <0.01) in T2DM
rats, and significantly increase the expression of INSR mRNA (P < 0.001) and PI3K mRNA (P < 0.001). Some of the predicted results of
network pharmacology were verified. Conclusion This study reflects that Sijunzi Decoction can treat type 2 diabetes mellitus through
multi-target and multi-channel, which lays a foundation for the future study of molecular mechanism.

Key words: Sijunzi Decoction; type 2 diabetes mellitus; network pharmacology; AMPK signaling pathway; insulin receptor (InsR);
phosphatidylinositol 3 kinase (PI3K)
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2, HE S 171200 A ERHEY B ¥ Glycyrrhiza
uralensis Fisch. TR MARZE, DL EZiA430E H
a4 e R 2R AR AR, &l R 2 K5
BAREBNLAZEENIE . HEREREER (STZ, fit
5 88050) T34 [H Sigma /A F]; RNAiso PLUS il
H (S A121592A)  PrimeScript™ RT reagent Kit with
gDNA FEraser (Perfect Real Time) k7% (b5
AI91404A). TB Green™ Premix Ex Taq II (Tli RNaseH
PLUS) R#& (IS AI52244A) #HH TaKaRa 2
m; TKZEE. BREE. =&k BT
FRAAIE F R T CE R R B AR AR HiEiE (i
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(http://Isp.nwu.edu.cn/tcmsp.php ) HEAT il 2 F) £ 1]
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db.idrblab.org/ttd/target/t02777 )« DRUGBANK %4
( https://www.drugbank.ca ) « DisGeNET % # J&F
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diabetes”, KL T2DM & FBLAR, 4% 3 PAEZFH 2
ANEIE I J UL A R S A E i i 1, IR
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GES-RE-AR-HBE 9:9:9:6) I ER,
JKRLE 3 IR, BRHKAN 10 £ 57K, [RHAHRE 60 min,
EHERREIRAEE 0.848 g/mL (FAEZh 815D,
BNf5 (Hdh & B2 85 95.65 mg/g. E %R 17.97 mg/g.
ST 11.02 mg/g. JRT 0423 mg/g. HEF 1.029
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mg/g. B 0.123 mg/g. HE XK 0.103 mg/g. H
PR 2.542 mg/g. FIZRAIEE T 0.039 mg/g). @STZ
T BUFIEIR 2.1 g FARZ/KERZ 100 mL /E N A
W, BUTEIREN 2.94 ¢ FIXZE/KERZ 100 mL 7EHN
B i HEPR AL B Wz —EWWHIRS, pH tHllE
pH i, T pH {HAE 4.2~4.5, BRFTFBRRZE.

VESTRT AT IR G M0 STZ, BCHl i 20 mg/mL
W, 1R, OmENERE: DUEAE R, K
5, FHZBKECH) K 0.1 g/mL, BITH.

2.3.2 G HUEEME SD KR, mibEmARERL (O
fik Akl 58.5%- JHIEEE 1% FEEH 10%- FEHE 20%.
T 10%. THEREN 0.5%) MR 4 J, RIRMEFE 524
BAZEIK 12 h, %2 mL/kg ip STZ (40 mg/kg) ¥
W, EREERERIESR 72 h AR AREEK 12 h, B
UM, Mg ImAE (FBG), FBG=11.1 mmol/L
F Hp R 1,

233 S CKOREBENL xR BEIAYZH . Y
BT (5.65gkg, MATIRAHHRR 2/,

a8 R o XTI IEF AR, Hap 2 "L
B = TR SR I ip STZ.

234 4575 XRRAMBAIAE 10 mLkg ig 281
K, WWEFHAKRR ig WEFZ/KIEHK 10 mLkg
(5.65 glkg), FR 1R, HL:L4Z)28d.

235 ZNIACIR RIRFRUIER ARG KR IYEE
BARZEK 12 h, #% 10 mL/kg ig FiZEFHER (10
g/kg), FH T THIENEG 0. 30, 60, 120 min W
FEEI, W05 K R UAEAEL, 55 R - a] 28 R TR
(AUC) HE M % pEm & (OGTT). H%
OGTT JataF% 1d, Z5EASE/K 12 h, WrREUML, W
E K FBG, CEEMREE, #HOCRATME, A #EhK
VTR G EGEYR, —80 CAFII.

2.3.6 SENHOEEE PCR (qQRT-PCR) 246 g
FAR (InsRO FIBENEIEVLEE 3 Bl (PI3K) mRNA
FKiE WEUEEFTAZ, I 1 mL TRIZOL
VK IR G, RS RNA $REGRAF & i i 525
ITHAE. EORNA $RBUE)E, THEMEZRRE SR
LG 2 BT HEEL RNA BIRE . AR (Aago nm/A280 nm 1E
1.8~2.0), HUE RNA 1 pg, %M TaKaRa 2]
RT-reagent ¥ % 3% 3071 & 150 B 3047 100 5 53 S BV o

S JSiAA 2 4 Prime Script RT Master Mix 500 ng £ 4%
X N7 ) RNA AEFRDN ddH,0 & 10 pL, [ 841
37 °C, 15min; 85 ‘C, 5s. #% TaKaRa A 7] SYBR
Premix Ex Taq %ti& Eik77 U6 453847 qRT-PCR

¥, LL SYBR Green A% Yetric#?), GAPDH A
ZXt . B2 uL cDNA JIN 20 pL S MNAK RiEATH
1, KRi{KZ: SYBR Premix Ex Taqll 12.5 pL,
Primer F 1 pL, Primer R 1 uL, cDNA 2 pL, ddH,0 8.5
uL. ¥4 95 “C. 30s; 95 C. 15s; 62 C.
20's. 3L 40 MEM . §IE RV G RIS, 4
r¥dE. InsR 51750 bifF, 5-CAATGGTGC-
TGAGGACACTAGG-3’; Tilf, 5>-GTGCTCTTCGT-
GGCTTGTGG-3’, ##4KE 139 bp. PI3K 517
Hl: EJF, 5°-GGTGAGGAACGAAGAATGGC-3’;
T, 5°-TCCGAGGCAAGACAGGGATA-3’. ¥ K
& 176 bp. GAPDH 51#/7%1): i, 5°-CTCCTGCG-
ACTTCAACAGTG-3’; Fif, 5-TGCTGTAGCCA-
AATTCGTTG-3’, 38K 99 bp. F MM 58 hL
G, GPERRARE RS 270, R IR X
RiLE.
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DA B EERR, JEAF2] 70 AP EE A

3.2 SR B g A i S & B R B AR
FH X 286 6 2 T i o0 P 48 BRI 45 SR R H DU
TS5 T2DM M FEFEERR 47 Ao B Bisr
XF AR S S N Cyto-scape 3.6.1 B AF2: i 41
HAEM 2% B, EELR 48 TR T U E K TP A
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2. fE String ¥ FE 2 4% 0 8 1 PPT M 4%,
LB 1.
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Table 1 Drug composition-disease mapping screening core target information

FE AR B IR 4 B UniProt ID

ATP binding cassette subfamily G member 1 ABCG1 P33527
ATP binding cassette subfamily G member 2 (Junior blood group) ABCG2 QIUNQO
cannabinoid receptor 1 CNRI1 P21554
cytochrome P450 family 2 subfamily C member 19 CYP2C19 P33261
dopamine D1 receptor DRDI1 P21728
glucagon receptor GCGR P47871
3-hydroxy-3-methylglutaryl-CoA reductase HMGCR P04035
hydroxysteroid 11-beta dehydrogenase 1 HSDI11B1 P28845
hydroxysteroid 11-beta dehydrogenase 2 HSD11B2 P80365
5-hydroxytryptamine receptor 2A HTR2A P28223
insulin like growth factor 1 receptor IGF1R P08069
insulin receptor INSR P06213
maltase-glucoamylase, intestinal MGAM 043451
nuclear receptor subfamily 1 group H member 4 NR1H4 QI96RI1
nuclear receptor subfamily 3 group C member 1 NR3Cl1 P04150
nuclear receptor subfamily 3 group C member 2 NR3C2 P08235
phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit gamma PIK3CG P48736
peroxisome proliferator activated receptor alpha PPARA Q07869
peroxisome proliferator activated receptor delta PPARD Q03181
peroxisome proliferator activated receptor gamma PPARG P37231
prostaglandin-endoperoxide synthase 1 PTGS1 P23219
prostaglandin-endoperoxide synthase 2 PTGS2 P35354
protein tyrosine phosphatase, non-receptor type 1 PTPN1 P18031
retinoid X receptor gamma RXRG P48443
stearoyl-CoA desaturase SCD 000767
sirtuin 1 SIRT1 Q96EB6
solute carrier family 5 member 1 SLC5A1 P13866

=2 WETFHETT T2DM #%E RS

Table 2 Core active components of Sijunzi Decoction in treatment of T2DM

gkt A (a7 R5 BRI LR

HE  GC-02 mairin MOL000211 T Tl

HE  GC-09 licochalcone a MOL000497 HEEHE A

H®E  GC-16 naringenin MOL004328  #ili

HHE  GC-18 euchrenone MOL004806  E TR

H¥E  GC-22 (E)-1-(2,4-dihydroxyphenyl)-3-(2,2- MOL004815  (E)-1-(2,4- 2R HL)-3-(2,2- — F KL -6-
dimethylchromen-6-yl) prop-2-en-1-one )N -2-45- 11

HH  GC-25 glepidotin A MOL004828  Jb3EH HfiE H

HH  GC-53  sigmoidin-B MOLO004935 ZHF& B

HE  GC-61 icos-5-enoic acid MOL004985  Jifiz\-5- — - BRIAER

HE  GC-66 gadelaidic acid MOL004996 S fi% i 2

H¥E GC-76 xambioona MOL005018 St H Bl

K%  FL-02 trametenolic acid MOL000275  HiZ5Z[R

K% FL-06 ergosta-7,22E-dien-3beta-ol MOL000282 % 1 §-7,22 - Jfis-3p-IiF

K% FL-08  3beta-hydroxy-24-methylene-8-lanostene-21-oicacid ~ MOL000287  3B-F23&-24-1 FH 3-8- 2% i lid-21-FR

fR% FL-09  pachymic acid MOLO000289  TR%TR

K% FL-12  poricoic acid C MOL000292 K% C

K% FL-13  hederagenin MOL000296 #F k2 H It

k% FL-14  dehydroeburicoic acid MOL000300  Jit & 2K iR

W% DS-03  chondrillasterol MOL001006 #3751 S i

W%  DS-07 spinasterol MOLO004355 3¢ S B

W%  DS-10  stigmast-7-enol MOL006774  #E3k-7-J5

%% DS-13  Salpha-stigmastan-3,6-dione MOL008391  Sa- {§ %¢-3,6- —Ff

W%  DS-16 glycitein MOL008400 KE &
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3.1.3  ZW)-B A HEEEIE R GO 43 #T K KEGG i
HEESTER 7 k20 B S T
REVEH, f#H DAVID T EXVUE Fi#ihI7 T2DM
(1) 27 MZOFEIERE ST GO B84 1E4AY)
REFE. A>T I RE R M R I HERI A B LR 3.

YRR, W pERRAS . MR A Ek
AN BRI ZUR B IERTE . AR

ABCG1

HSDIIB  NR3C2
=

N
HSDI11BI / iy /|
8%

DNA #e3¢. Zifi =Wt HbAe s 7 MR, Wk
R R HR R 29455 RNA REHE 1T
P s - RO ARG P 91U Rs 57 1 DNA 455 Al
SRR W I A S REIEAL 4 A0 TIhEE, AR
iy R et 2 M4, B DAVID $ds
i, il KEGG AEWng s &, WA 77
177 T2DM A & I AEMigis. 4R ExR, H

HMGCR

RXRG

SLC5AL1

1 #LEH PPING
Fig. 1 PPI network of core protein

#3 GO 9Kk KEGG FHiEER
Table 3 Results of GO analysis and KEGG analysis

B3 %H B P{H E=30
AT FE GO: 0042593 glucose homeostasis 5 <0.001 CNRI. PPARG. GCGR.

GO: 0008217 regulation of blood pressure
GO: 0071456 cellular response to hypoxia

GO: 1904179 positive regulation of adipose tissue development

GO: 0019371 cyclooxygenase pathway

GO: 0006351 transcription, DNA-templated

GO: 0035356 cellular triglyceride homeostasis
4 FIhEE GO: 0003707 steroid hormone receptor activity

GO: 0004879 RNA polymerase II transcription factor activity,

ligand-activated sequence-specific DNA binding
GO: 0008144 drug binding

GO: 0004666 prostaglandin-endoperoxide synthase activity 2
U2 GO: 0005887 integral component of plasma membrane

GO: 0005719 nuclear euchromatin

INSR. NR1H4
0.001 479 682 PTGS2. PPARG. PTGSI1
0.002 966 673 PPARD. PTGS2. SIRTI
0.003 708 227 SIRT1. NR1H4
0.003 708 227 PTGS2. PTGS1
0.007297 109 PPARD. PPARG. NR3Cl1
0.009 245 965 SIRT1. NR1H4
<0.001 PPARD. PPARG. NR1H4
<<0.001 PPARD. PPARG

W A N DR NN W W

3 0.001 641706 PPARD. PPARG. HTR2A

0.004 326 853 PTGS2. PTGS1

5 0.033725892 SLC5A2. DRDI. SLC5A1.
GCGR. HTR2A

2 0.033807837 SIRT1. NRI1H4
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HUi| £ B KRG AL S (1 (AMPKD) 55
. R EE RIS 1k (PPARD {55
T [ R Y A BA R AL T I T A

pathway enrichment

BT 3 BRESRIRST. KA VT AL

K 2, f it #EH{E Tl (AMPK

signaling pathway) WK 3.

fca05200:pathways in cancer

fca04976:bile secretion

fca04973:carbohydrate digestion and absorption
fca04960:aldosterone-regulated sodium reabsorption
fca0493 1:insulin resistance
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Table 4 Molecular docking scores between native ligand, active components and PTPN, PPARG, PTGS2
A EY) X HE A LGRS
PTPN  PJJEMHERAC A 6.090 SERA216. HISA214. ARGA221. GLY A218. ILEA219. ALAA217. GLY A 220.
ASN A 111
hederagenin 8.526 SERA216. HISA214. ARGA221. GLY A218. ILEA219. ALAA217. GLY A 220,
ASNA111. LEUA222. PHEA225. META 109. ASPA 181. ALAA 262
3beta-hydroxy-24- 8.420 SERA216. HISA214, ARGA221. GLY A218. ILEA219. ALAA 217, GLY A 220,
methylene-8-lanostene- ASNA111. DHEA 109, TYR A46. LEUA222. GLNAS85. GLY A 86. ASPA 181,
21-oic acid ALAA262
trametenolic acid 8.415 SERA216. HISA214, ARGA221. GLY A218. ILEA219. ALAA 217, GLY A 220,
ASN A 111. LEU A110. PHE A 182. MET A109. TYR A46. VAL A213.
SER A222. VALA49. VALA 108. ALAA262
gadelaidic acid 6.276  SERA216. HISA214, ARGA221. GLY A218. ILEA219. ALAA 217, GLY A 220,
ASNAI111. PHEA 182, LEUA 110. GLNA85. SERA222. THR A 84. ALA A 262
icos-5-enoic acid 6.267 SERA216. HISA214. ARGA221. GLY A218. ILEA219. ALAA217. GLY A 220,
ASNA111. PHEA 182. SER A222. GLY A86. LEUA 110. TYR A46. ASPA 181,
ALA A 262
PPARG PR H:RAC A 4400  HIS X 323. HIS X 449. SER X 289. CYS X 285. MET X 364. PHE X 282. ILE X 341.
TYR X 473. GLY X 284. LEU X 469
hederagenin 8.303  HIS X 323, HIS X 449, SER X 289. CYS X 285, MET X 364 PHE X 282 ILE X 341
LEU X 330. ARG X 288. PHE X 363. ILE X 326. TYR X 327. LEU X 333,
VAL X 339, LEU X 340
trametenolic acid 8.259  HIS X 449, SER X 289. CYS X 285. PHE X 282. ILE X 341. LEU X 469.
ARG X 288. LEU X 330, TYR X 327. VAL X 339. PHE X 363. ILE X 326.
LEU X 333. LEU X 340
3beta-hydroxy-24- 8232  TYR X 473, HIS X 323, HIS X 449. SER X 289. CYS X 285. MET X 364.
methylene-8-lanostene- PHE X 282, ILE X 341. LEU X 469. GLN X 286. ILE X 326. LEU X 330.
21-oic acid VAL X 339. ARG X 288. TYR X 327. LEU X 453, LEU X 340. PHE X 363
icos-5-enoic acid 6.463  SER X 289. CYS X 285. MET X 364. ILE X 341. GLY X 284. TYR X 327.
ARG X 288. LEU X 330. VAL X 339. PHE X 363
gadelaidic acid 6.452  SER X 289. CYS X 285. MET X 364. ILE X 341. GLY X 284. ARG X 288.
LEU X 330, VAL X 339. MET X 348. ILE X 281. ILE X 326, LEU X 333
PTGS2 WIRMERC M4 4730  THR B212.HIS B 388. ASN B 382. GLN B 203. LEU B 391. HIS B 207. PHE B 210.
TYR B 385. HIS B 386. PHE B 395
trametenolic acid 8.285  HISB388. GLN B203. LEUB391. HIS B 207. PHE B210. HIS B 386. TRP B 387
3beta-hydroxy-24- 8.191  HIS B 388. GLN B 203. HIS B207. TYR B 385. HIS B 386. TRP B 387. VAL B 447.
methylene-8-lanostene- HIS B 214, LEU B 294
21-oic acid
hederagenin 8.109  HIS B 388. GLN B 203. HIS B207. TYR B 385. HIS B 386. THR B 206. VAL B 291
TRP B 387. HISB214. LEU B 294, UAL B 447
gadelaidic acid 6.260  HIS B 388. GLN B 203. LEU B 391. HIS B 207. PHE B 210, TYR B 385.
HIS B 386. PHE B 395. TRP B 387. PHE B 200. VAL B 295
icos-5-enoic acid 6.236  HISB388. GLN B203. LEU B 391. HIS B 207. PHE B 210. HIS B 386. TRP B 387
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