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The action and mechanism of ethanol extract of Cichorium glandulosum
on type 2 diabetes mellitus accompanied with nonalcoholic fatty liver
disease based on systems pharmacology

QIN Hui-yu', ZHANG Tong"?, WANG Zhong-ying*, CHEN Wen', HAN Bo"

(1. School of Pharmacy, Shihezi University, Shihezi 832002, China; 2. Sinovac Biotech CO., Ltd., Beijing 100085, China)

Abstract: Cichorium glandulosum has been used to treat non-alcoholic fatty liver disease (NAFLD) and type
2 diabetes mellitus (T2DM) in Uyghur folk medicine. The mechanism of Cichorium glandulosum (CG) on type 2
diabetes mellitus accompanied with non-alcoholic fatty liver disease (T2DM-NAFLD) remains unclear. The effect
of CG extraction on T2DM-NAFLD was determined in animal experiments here (all the experiments here were
approved by the Animal Care Committee of the First Affiliated Hospital of the Medical College, Shihezi University).
The mechanism of CG for treatment of T2DM-NAFLD was predicted and verified based on systems pharmacology.
Based on the active compounds of CG on T2DM-NAFLD, T2DM and NAFLD-related targets, pathways and
diseases were screened and predicted. Active compounds-targets, compounds-targets-pathways and compounds-
targets-diseases were constructed and analyzed. The results of animal experiments showed that CG extraction can
reduce the levels of blood glucose and blood lipid in T2DM-NAFLD rats. In addition, it can improve the glucose
tolerance and relieve liver injury. Total 29 active compounds and 198 targets were screened by systems pharmacology,
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of which 106 targets were involved in T2DM, 88 were involved in NAFLD, and 56 targets were common between
T2DM and NAFLD, mainly related to insulin resistance and inflammation. These 198 targets include those in
metabolic pathways, calcium pathway, PI3K/Akt pathway, cAMP pathway, and MAPK pathway. Our study confirmed
that CG can be potential phytomedicine for treatment of T2DM-NAFLD. This work provides a reference for studying
the treatment of multiple diseases using multiple-targets phytomedicine in systems pharmacology.
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Figure 1  Strategy of this systems pharmacology approach to investigate the active compounds and action mechanisms of Cichorium
glandulosum on T2DM-NAFLD. T2DM-NAFLD: Type 2 diabetes mellitus accompanied with non-alcoholic fatty liver disease; FBG: Fasting
blood glucose; ELISA: Enzyme-linked immunosorbent assay; OGTT: Oral glucose tolerance test; HE staining: Hematoxylin-eosin staining;

OB: Oral bioavailability; DL: Drug likeness; C-T-P network: Compounds-targets-pathways network; C-T network: Compounds-targets

network; C-T-D network: Compounds- targets-diseases network
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Figure 2 Animal experiment procedure and the levels of biochemical indicators. A: Procedure of animal experiment; B: Level of fasting
blood glucose (FBG); C: Level of insulin; D: Level of free fatty acid (FFA). HFD: High-fat diet; NC: Normal group; DC: Model group;
RSG: Rosiglitazone, 4 mg-kg*-d?; L: Cichorium glandulosum low-dosage group, 100 mg-kg*-d*; H: Cichorium glandulosum high-dosage
group, 200 mg-kg*-d™. n =4, x +s. #¥P<0.01, #*P<0.001 vs NC group; "P<0.05, “P<0.01, *"P<0.001 vs DC group
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Table 1 Effect of Cichorium glandulosum on T2DM-NAFLD rats. n = 4, x * s. #P<0.05, #P<0.01, #*P<0.001 vs NC group; "P<0.05, “P<
0.01, ™P<0.001 vs DC group. TC: Total cholesterol; TG: Triglyceride; HDL-C: High-density lipoprotein-cholesterol; LDL-C: Low-density
lipoprotein-cholesterol; AST: Aspartate transaminase; ALT: Alanine transaminase

Group Body weight/g ~ TC/mmol-L* TG/mmol - L*

HDL-C/mmol - L*

LDL-C/mmol-L* AST/U-L* ALT/U-L*

NC 471.8+16.90 1.150+0.09274 0.1500+0.047 61
DC 322.0+12.83"% 1.363+0.145 70*
RSG 383.0+7.70™ 1.185+0.023 80
L 350.3+21.96 1.285+0.096 78

H 365.8 £ 24.60" 1.245 +0.068 07

0.2150+0.031 09™
0.2150 +0.031 09™
0.255 0 +0.041 23"

0.935 0+ 0.069 52
0.367 5+ 0.020 62" 0.437 5 + 0.066 52" 0.860 0 + 0.075 28"
0.8125+0.091 06™
0.702 5+ 0.066 02"
0.797 5+ 0.086 55"

29.75 + 2.062
62.00 + 8.602"
35.25 +5.909™"
45.50 + 8.347"
40.00 + 10.200™

84.00 £7.79

110.8 + 8.88*
85.75 + 7.50™
93.00 + 14.72
91.00 + 11.92"

0.410 0 +0.049 67

0.4450+0.03109™
0.6225+0.087 32"
0.515 0 + 0.064 55
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Figure 4 The effect of Cichorium glandulosum on histomor-
phology of liver in T2DM-NAFLD rats. A: NC group; B: DC
group; C: RSG group; D: L group; E: H group (400x)
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Figure 3 The effect of Cichorium glandulosum on OGTT in T2DM-NAFLD rats. n = 4, X % s. #*P<0.001 vs NC group; ““P<0.001 vs DC

group
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Table 2 Active compounds in Cichorium glandulosum and corresponding ADME parameters

No. Name OB DL Compound type Chemical structure

MOl Baicalin 41.24 0.24 Flavonoids SONey 3
.
M02  Calycosin 47.73 0.24 RS e O
OH
O OH
MO03  Isorhamnetin 52.29 0.73 RSO
OH
OH O

MO04 Kaempferol 62.13 0.24
MO05 Quercetin 45.06 0.28
MO06 Quercetin-3-O-galactoside 68.28 0.19
MOQ7 5,8,3',4'-Tetrahydroxy-7-methoxyflavone 49.91 0.30
M08 5,8,4'-Trihydroxy-7,3'-dimethoxyflavone 63.49 0.34
M09 Baicalin methyl ester 39.69 0.79
M10 Isorhamnetin-3-O-p-D-glucoside 60.00 0.74
M11 8-O-Methylsenecioylaustricin 64.08 0.41 Terpenoids
M12 Daucosterol-qt 36.91 0.75
M13 Inulicin 30.60 0.22
M14 Lactucin 29.81 0.22
M15 Lactupicrin 18.93 0.71
M16 Stigmasterol 64.91 0.75
M17 11,13-Dihydrolactucin 39.56 0.22
M18 Taraxerone 64.59 0.19
M19 p-Sitosterol 36.91 0.75
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Continued
No. Name OB DL Compound type Chemical structure
o o
. .. “OM
M20 8-0O-Senecioylaustricin 104.45 0.62 %\:@%
o
o
M21  Lupeol acetate 52.29 0.73 0@”’
M22 1,3-Dicaffeoylquinic acid 52.22 0.63 Phenylpropanoid p‘\\iélw@[
M23 3,4-Dicaffeoylquinic acid 71.29 0.69 @ng)v\@
M24  35-Dicaffeoylquinic acid 50.06 0.69 . D\M&M@
HO._O Oy OH
M25  4.4-Dimethyl-17-heptane diacid 41.83 0.64 Organic acids m
M26 Carnaubic acid 41.83 0.64 mo
OH
M27 2-Furanmethanol-(5'—11)-1,3-cyclopentadiene- 74.20 0.28 Alkaloids O o
[5,4-c]-1H-cinnoline NN W, o
M28 Corn riboflavin 56.56 0.76 w5 W 2
@yf(
OH
A . Ny
M28-qt Corn riboflavin-qt 30.81 0.19 o L =
= N
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Figure 5 C-T network of Cichorium glandulosum. Triangles are candidate compounds, and yellow triangles are important compounds.
Similarly, rounds represent potential targets, green rounds are important targets
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Figure 6 The analysis results of targets information in Cichorium glandulosum
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Figure 7 C-T-P network of Cichorium glandulosum. Triangles are candidate compounds; yellow triangles are important compounds.
Similarly, rounds represent potential targets, green rounds are important targets. V represent pathways, red V are important pathways
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Figure 8 C-T-D network of Cichorium glandulosum. Triangles are candidate compounds, and yellow triangles are important compounds
Similarly, rounds represent potential targets, green rounds are important targets. V represent diseases, red V are important diseases
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Table 3 The results of molecular docking of PTGS2, INSR, PIK3R1, HTR2A, G6PD and their corresponding ligands

Protein PDB ID Compound Affinity/kcal - mol* Amino acid
PTGS2 4PH9 MO05 -8.4 TYR-356, PHE-519, TYR-386, HIS-90
INSR 5E1S M02 7.4 MET 1079, LEU-1002

INSR 5E1S MO03 -8.2 MET-1079

INSR 5E1S MO04 -7.6 LEU-1002

INSR 5E1S MO05 -7.6 LEU-1002, MET-1079, ASP-1150

INSR 5E1S MO06 -85 ASP-1150, GLY-1003

INSR 5E1S M08 -7.9 ASP-1150

INSR 5E1S M09 -8.9 ASP-1150, MET-1079

PIK3R1 5XGH MO02 7.2 VAL-851, SER-854, GLU-849

PIK3R1 5XGH MO03 -1.7 TYR-836, ASN-170

PIK3R1 5XGH MO04 7.7 LEU-814

PIK3R1 5XGH MO05 -7.9 TYR-836, ASP-626

PIK3R1 5XGH MO06 -8.7 CYS-838, HIS-670, GLN-815, GLN-630, ILE-633, ARG-818, ASN-170
PIK3R1 5XGH MO07 -8.2 TYR-836, VAL-851

PIK3R1 5XGH M08 -8.1 TYR-836, ASP-933, VAL-851

PIK3R1 5XGH M09 -8.4 CYS-838, TYR-836

PIK3R1 5XGH M12 -8.3 -

PIK3R1 5XGH M13 -7.0 -

PIK3R1 5XGH M15 -8.8 CYS-838

PIK3R1 5XGH M17 7.1 PRO-835, ARG-818, GLN-630, CYS-838
PIK3R1 5XGH M19 -7.9 GLU-849

PIK3R1 5XGH M20 -8.2 ARG-818

PIK3R1 5XGH M21 -9.0 -

PIK3R1 5XGH M22 -8.5 TYR-836, CYS-838, ASN-756, ASN-170
PIK3R1 5XGH M27 -8.6 TYR-836, VAL-851

HTR2A 6A94 MO1 -7.6 LEU-229, CYS-227

HTR2A 6A94 MO03 -9.0 SER-239

HTR2A 6A94 MO06 7.5 TYR-370, LEU-229, VAL-156, THR-160
HTR2A 6A94 M08 -8.2 ASN-343, TYR-370

HTR2A 6A94 M09 -6.8 ASN-363, TYR-139

HTR2A 6A94 M10 -6.1 ASN-363, ASP-356

HTR2A 6A94 M11 -8.3 ASN-343, SER-239

HTR2A 6A94 M16 -8.0 -

HTR2A 6A94 M23 -9.0 SER-242, THR-160, ILE-206

HTR2A 6A94 M24 -10.9 LEU-229, TRP-367, SER-131, THR-160
HTR2A 6A94 M25 -5.7 VAL-235

G6PD 6E08 MO7 7.0 TRP-509, ASP-421

G6PD 6E08 M12 -7.8 -

G6PD 6E08 M13 -5.7 LYS-366, ARG-370

G6PD 6E08 M17 -6.3 ARG-487

G6PD 6E08 M19 -7.7 -

G6PD 6E08 m21 ~7.4 -

G6PD 6E08 M22 -9.3 ARG-370, LYS-366, THR-236

G6PD 6E08 M28 -6.6 ASP-421, ARG-370, ARG-487
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BRI TT R TR R A W R ) B Al A
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TR S 2 A R 4 O 5 ) 4 24 B 2 TR R R I
S RRE A “ €7 AN IR RE g A1 25 VEBEAT 1 0 M, AHRYS
i 3 20 8 1 25— 48 RO IR R . SRAAY, AR AR

3T T — R R 245 % T2DM A1 NAFLD 7 i< 95 22 [
41 F I A DA B 79 o 98 T2DM R NAFLD 22 [ (1 5%
R, ARV AR ELZY) 0 IE NAER I T A2 2%

— B SO S 0 AT RE 2 U B AN TR R G
I, T B 24 v 2 A A Pkt LR A B R 2, AR
PR % R 2 RE . NS AR B 0F 78 59% S T2DM A
NAFLD, A it 5 3 7 Fft 5 9 AH D% 1) 929 5 O B K,
U T2DM 5 B R 93 A0 45 25 Fh R /N L I RORE, BA &
HH O (AR U 1 5 99 O 1T 3 950 ; NAFLD 34 % [0 T A
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Figure 9 The results of molecular docking. A: The interaction of
PTGS2 and MO05; B: The interaction of INSR and M0Q9; C: The
interaction of PIK3R1 and MO06; D: The interaction of HTR2A and
M24; E: The interaction of G6PD and M22
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