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Abstract: This study was designed to explore the “multi-components, multi-targets and multi-pathways”
intervention mechanism of Huanglian Jiedu decoction (HLJDD) in the treatment of Alzheimer’s disease (AD)
by pharmacological network technology, which may establish a foundation for drug development and innovative
research. Seventeen active constituents of HLIDD with anti-AD activities were submitted to PharmMapper and
Molecule Annotation System (MAS 3.0) bioinformatics softwares to predict the target proteins and carry out
related KEGG pathways annotation respectively. The network of “active compound-target-pathway” was
constructed and analyzed using the Cytoscape 3.4.0 software.  The results suggest that 47 pathways are affected
by the 17 active components through 59 target proteins, in which 4 target proteins are related to AD and 2 pathways
related to neuroinflammation, respectively. The effect of HLIDD on AD may be dependent on clearing/reducing
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S-amyloid protein, inhibiting Tau hyperphosphorylation, anti-inflammation and immunoregulation.

K ey words: network pharmacol ogy; Huanglian Jiedu decoction; Alzheimer ’s disease; mechanism; molecular
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Figure 1 Chemical structures of 17 active compounds from Huanglian Jiedu decoction (HLJDD).

HO""

R1 R2 c7
C5  OCH;
C6  OCH,

OCH;
OH

H:.CO

OH

HO'

OCH. HO HO

Cc17

C1: Berberine; C2: Jateorrhizine;

C3: Palmatine; C4: Columbamine; C5: Epiberberine; C6: Groenlandicine; C7: Coptisine; C8: Baicalin; C9: Baicalein; C10: Wogonin,
C11: Norwogonin; C12: Geniposide; C13: M1; C14: Sdlidroside; C15: M2; C16: M3; C17: M4

120 5 i 120 4 o g
@ Jateorrhizine ® Coptisine
@ Berberine @ Epiberberine
® Palmatine ® Columbamine
E 00 4
100 & I )
= R0+ = 804
o y=10334x + 10893 @ p=13986x + 12584 o p=11512x+12398
B R#=0.9301 ™ R?=09297 B R*=0.9092
o &0d o 604 y=11.614x + 108.07
8 i= R*=10.9455
£ =
£ 40+ E 40+
y=12258x+106.12 y=12.622x +107.91
R*=0.9552 R = 09607
20 4 20 4
0 T T T T 0
9 7 B 3 -1 ) -7 5 3 -1

In{concentration) / mg-mL"!

In(concentration) / mg-mL"!

Figure2 Screening result of inhibiting acetylcholinesterase (AchE) active compounds from HLJDD
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Table1l Information of potential targets from 17 active components of HLIDD
Rank  Uniprot ID Protein target Frequency Rank  Uniprot ID Protein target Frequency
1 P56817 p-Secretase 1 18 31 P27707  Deoxycytidine kinase 9
2 P14061 Estradiol 17-$-dehydrogenase 1 16 32 P08246  Leukocyte elastase 9
3 P01112 GTPase HRas 15 33 P12268  Inosine-5-monophosphate 9
4 Q9BZX2  Uridine-cytidine kinase 2 14 dehydrogenase 2
5 P10114 Ras-related protein Rap-2a 14 34 P07858  Cathepsin B 9
6 P15121 Aldose reductase 14 35 P35228  Nitric oxide synthase, inducible 9
7 P23919 Thymidylate kinase 13 36 P43235  Cathepsin K 9
8 P11473 Vitamin D3 receptor 13 37 P24941  Cell division protein kinase 2 8
9 P15121 Aldose reductase 12 38 Q13231  Chitotriosidase-1 8
10 Q06187 Tyrosine-protein kinase BTK 12 39 P18031  Tyrosine-protein phosphatase 8
11 P09211 Glutathione S-transferase P 12 non-receptor type 1
12 P50225 Sulfotransferase 1A1 12 40 P62942  Peptidyl-prolyl cis-transisomerase 8
13 P49841 Glycogen synthase kinase-3 8 12 FKBP1A
14 P00492 Hypoxanthine-guanine 12 41 P11362  Basic fibroblast growth factor 8
phosphoribosyltransferase receptor 1
15 P31749 RAC-a serine/threonine-protein 12 a2 P0O7686  B-Hexosaminidase 8 chain
kinase 43 Q08499  cAMP-specific 3,5-cyclic
16 P06213 Insulin receptor 11 phosphodiesterase 4D
17 Q96C86 Scavenger mRNA-decapping 11 a4 Q08188  Protein-glutamine 8
enzyme DcpS y-glutamyltransferase E
18 Q16836 Hydroxyacyl-coenzyme A 11 45 P19367  Hexokinase-1
dehydrogenase, mitochondrial 46 P00918  Carbonic anhydrase 2
19 Q16222 UDP-N-acetylhexosamine 11 47 015530  3-Phosphoinositide-dependent 7
pyrophosphorylase protein kinase 1
20 Q9BZ11  ADAM 33 10 48 P11766  Alcohol dehydrogenase class-3 7
21 076054 SEC14-like protein 2 10 49 P17931  Galectin-3 7
22 P29373 Cellular retinoic acid-binding 10 50 P20248  Cyclin-A2 7
protein 2 51 P42330  Aldo-keto reductase family 1 7
23 Q16539 Mitogen-activated protein 10 member C3
kinase 14 52 P08581  Hepatocyte growth factor receptor 6
24 P08473 Neprilysin 10 53 014757  Serinelthreonine-protein kinase Chk1 6
25 Q15075 Early endosome antigen 1 10 54 P04278  Sex hormone-binding globulin 6
26 P0O7900 Heat shock protein HSP 90- o 10 55 Q10588  ADP-ribosyl cyclase 2 6
27 P02766 Transthyretin 10 56 P20248  Cyclin-A2 6
28 Q02127 Dihydroorotate dehydrogenase, 9 57 Q00534  Cell division protein kinase 6 5
mitochondrial 58 P03372  Estrogen receptor 5
29 P04150 Glucocorticoid receptor 59 P29218  Inositol monophosphatase 5
30 Q16772 Glutathione Stransferase A3
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Table2 Information and classification of potential pathways from 17 active components of HLIDD
Classification Pathway Count P-value Classification Pathway Count P-value
Human diseases  Prostate cancer 8 3.16E-13 Cellular processes  Cell cycle 5 5.30E-07
Melanoma 5 3.96E-08 Adherens junction 4 3.71E-06
Endometrial cancer 4 6.87E-07 Focal adhesion 5 7.64E-06
Non-small cell lung cancer 4 8.01E-07 p53 signaling pathway 3 1.05E-04
Small cell lung cancer 4 5.21E-06 Immune system B cell receptor signaling 4 3.01E-06
Glioma 3 8.81E-05 pathway
Alzheimer's disease 4 8.87E-05 Fc epsilon RI signaling pathway 4 3.71E-06
Renal cell carcinoma 3 1.15E-04 T cell receptor signaling 4 1.33E-05
Chronic myeloid leukemia 3 1.35E-04 pathway
Colorectal cancer 3 1.89E-04 Antigen processing and 2 0.006 140 796
Amyotrophic lateral 2 0.002 482 732 presentation
sclerosis (ALS) Toll-like receptor signaling 2 0.007 989 977
Acute myeloid leukemia 2 0.002 751 467 pathway
Epithelial cell signalingin 2 0.003847862 | Signal transduction VEGF signaling pathway 3 1.40E-04
Helicobacter pylori ErbB signaling pathway 3 2.09E-04
infection MAPK signaling pathway 4 4.76E-04
Long-term depression 2 0.003 956 072 mTOR signaling pathway 2 0.002 14493
Pancreatic cancer 2 0.004 176 709 | Nervous system Axon guidance 3 6.79E-04
Endocrine system  Insulin signaling pathway 6 2.93E-08 Carbohydrate Glycolysis/gluconeogenesis 2 8.41E-05
Melanogenesis 2 0.008 294 07 metabolism Galactose metabolism 2 5.37E-04
GnRH signaling pathway 2 0.008 759 851 Fructose and mannose 2 0.001032 896
Amino acid Aminosugars metabolism 4 6.16E-08 metabolism
metabolism Glutathione metabolism 2 0.001984888 Starch and sucrose metabolism 1  0.00214493
Xenobiotics M etabolism of xenobiotics 4 2.29E-06 Nucleotide Purine metabolism 4 1.78E-06
biodegradation by cytochrome P450 metabolism Pyrimidine metabolism 4 7.12E-06
and metabolism Drug metabolism- 3 4.25E-05 Lipid metabolism  Fatty acid metabolism 2 0.001610874
other enzymes Energy metabolism Methane metabolism 1 0.009133748
Drug metabolism- 3 1.19E-04 Metabolism of Geraniol degradation 1 0.005229374
cytochrome P450 terpenoids and
Caprolactam degradation 1  0.009133748 polyketides
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’ Active compound - Target - Pathway - Proteins relating to AD

Proteins relating to MAPK signaling pathway and Toll-like receptors

Figure3 The “active compound-target-pathway ” network of anti-Alzheimer's disease (AD) from HLIJDD
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