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System pharmacology-based study on mechanism of
Polygala Radix in the treatment of Alzheimer’s disease
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Abstract: This study was designed to investigate the molecular mechanism and potential active constituents
of Polygala Radix in the treatment of Alzheimer's disease with multiple data bases combined with literature
mining to build Polygala Radix chemical composition database. A novel analysis tool Pharmmapper was used
to obtain the main active ingredient and potential target of Polygala Radix. By extensive data profiling, the
Polygala Radix was found to contain 111 chemical constituents. Among them, a total of 10 active molecules
included 3 xanthone, 1 saponins, 3 oligosaccharide esters, and 3 other classes were related to 13 Alzheimer's
disease-related targets. Two of the core targets were beta-secretase 1 and glycogen synthase kinase-3 beta.
Use the GO analysis and KEGG to explore the molecular mechanism of Polygala Radix in treatment of
Alzheimer's disease, which has 3 signaling pathways, and the most important signaling pathway is the cell death
signaling pathway. The active constituents of Polygala Radix could control the formation of Af and the
apoptosis of cells through the interaction with multiple targets, and control the treatment of Alzheimer's disease.
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Table 1 Ingredients of Polygala Radix
D Ingredient D Ingredient
Cl1 Onjisaponin A C57 6-Hydroxy-1,2,3,7-tetramethoxyxanthone
C2 Onjisaponin B Cs8 1,7-Dihydroxyxanthone
C3 Onjisaponin E C59 1,7-Dimethoxyxanthone
C4 Onjisaponin F C60 1-Hydroxy-3,7-dimethoxyxanthone
C5 Onjisaponin G C61 1-Hydroxy-3,6,7-trimethoxyxanthone
C6 Onjisaponin J C62 6,8-Dihydroxy-1,2,4-trimethyoxyxanthone
C7 Onjisaponin L C63 6,8-Dihydroxy-1,2,3-trimethyoxyxanthone
C8 Onjisaponin O Co4 1,2,3,6,7-Pentamethoxyxanthone
C9 Onjisaponin R C65 1,3,7-Trihydroxyxanthone
C10 Onjisaponin S C66 1,6,7-Trihydroxy-2,3-dimethoxyxanthone
Cll Onjisaponin T C67 3-Hydroxy-2,8-dimethoxyxanthone
Cl12 Onjisaponin V C68 7-Hydroxy-1,2,3-trimethoxyxanthone
Cl13 Onjisaponin W C69 3-Hydroxy-1,2,7-trimethoxyxanthone
Cl4 Onjisaponin X C70 2,3,8-Trimethoxyxanthone
CI15 Onjisaponin Y C71 1,3,6,7-Tetramethoxyxanthone
Cl6 Onjisaponin Z C72 1,3,7-Trimethoxyxanthone
C17 Onjisaponin Vg C73 7-O-Methylmangiferin
C18 Onjisaponin Pg C74 Tenuifoliose A
C19 Onjisaponin Gg C75 Tenuifoliose B
C20 Onjisaponin Fg C76 Tenuifoliose C
C21 Onjisaponin Qg C77 Tenuifoliose D
C22 Onjisaponin Ng C78 Tenuifoliose E
C23 Onjisaponin Sg C79 Tenuifoliose F
C24 Onjisaponin Ug C80 Tenuifoliose G
C25 Onjisaponin Tg C81 Tenuifoliose H
C26 Onjisaponin Wg C82 Tenuifoliose I
C27 E-Onjisaponin H C83 Tenuifoliose J
C28 Z-Ponjisaponin H C84 Tenuifoliose K
C29 Sibiricasaponin A C85 Tenuifoliose L
C30 Sibiricasaponin B C86 Tenuifoliose M
C32 Sibiricasaponin E C87 Tenuifoliose N
C33 Tenuifolisaponin A C88 Tenuifoliose O
C34 Tenuifolisaponin B C89 Tenuifoliose P
C35 Polygalasaponin XX VIII C90 Tenuifoliose Q
C36 Polygalasaponin XXXII C91 Tenuifoliside A
C37 Lancerin C92 Tenuifoliside B
C38 Onjixanthone I C93 Tenuifoliside C
C39 Onjixanthone I1 C94 Tenuifoliside D
C40 Polygalaxanthone IIT C95 Tenuifoliside E
C41 Polygalaxanthone IV C96 Sibiricose Al
C42 Polygalaxanthone V C97 Sibiricose A2
C43 Polygalaxanthone VI C98 Sibiricose A3
C44 Polygalaxanthone VII C99 Sibiricose A4
C45 Sibiriphenone A C100 Sibiricose AS
C46 Sibiricaxanthone A C101 Sibiricose A6
C47 Sibiricaxanthone B C102 Sibiricose A7
C48 1,2,3-Trimethoxy-7-hydroxyxanthone C103 3,6'-Disinapoylsucrose
C49 1,3,6-Trihydroxy-2,7-dimethoxyxanthone C104 Polygalatenosides B
C50 1,2,7-Trimethoxy-3-hydroxyxanthone C105 3,4-Dimethoxy cinnamylic acid
C51 1,2,3,7-Tetramethoxyxanthone C106 Polygalitol
Cs2 1,7-Dihydroxy-3-methoxyxanthone C107 Polygalacic acid
C53 1,7-Dihydroxy-2,3-dimethoxyxanthone C108 3,4,5-Trimethoxy cinnamylic acid
C54 1,7-Dihydroxy-2,3-methlendioxyxanthone C109 Daucosterol
C55 1,7-Dihydroxy-2,3-di-methylene-dioxyxanthone CI110 Sibiricaphenone
C56 6-Hydroxy-2,3,6,7-tetramethoxyxanthone Cl11 2-Methoxyhydroquinone
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Information of potential targets from active ingredients of Polygala Radix. OB: Bioavailability; DL: Drug-likeness; LogBB:

Blood brain partitioning; BBB level: Blood brain barrier level; BACEL: Beta-secretase 1; CALMI1: Calmodulin; F2: Prothrombin;
GSK3p: Glycogen synthase kinase-3 beta; IGF1: Insulin-like growth factor 1; IGF1R: Insulin-like growth factor 1 receptor; PLAU:
Urokinase-type plasminogen activator; PPARy: Peroxisome proliferator-activated receptor gamma; SOD2: Superoxide dismutase;
BCHE: Cholinesterase; NOS3: Nitric-oxide synthase; ESR: Endothelial; CASP3: Caspase-3

ID Ingredient OB/% DL LogBB BBB level Target
C3 Onjisaponin E 4041 0.7186  —0.454 2 GSK3p, BACE1, CALMI, F2, IGF1
C59 1,7-Dimethoxyxanthone 56.87 03336 —0.513 2 BACEI, BCHE, GASP3, ESR, F2, GSK3p
ce7 3-Hydroxy-2,8-dimethoxyxanthone 99.07  0.209 —0.496 2 BACEL, ESR, F2, SOD2, GSK3p, NOS3
C71 1,3,6,7-Tetramethoxyxanthone 102.44 03362 —0.616 3 BCHE, ESR, BACEI1, GSK3p, F2, PLAU, PPARy
C75 Tenuifoliose B 76.99  0.3079 0.054 1 BACEL, GASP3, F2, GSK34, PLAU
Cc77 Tenuifoliose D 9244 02999 —0.496 2 GSK3p, IGF1, BACEI, F2, IGFIR, SOD2
C101 Sibiricose A6 31.38 0516 —0.700 3 PLAU, BACEI, GSK3p, GASP3, F2
C105 3,4-Dimethoxycinnamic acid 39.58 0.3994  —0.700 3 GSK3p, NOS3, BACE]L, F2
C106  Polygalitol 3547 02492 035 2 BACEIL, F2, GSK3p, IGFIR, PLAU
C107  Polygalacic acid 3143  0.6986 —0.238 2 GSK3p, GASP3, IGF1, BACEIL, ESR, F2, PPARy
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Figure 3 GO biological pathway analysis and MeSH classifica-
tion results

BACEl 5 GSK3p A C-T-D &% 1 R o k% 4% &5 f¢ i
(R0 IR, i E T #e/EH T BACEL. PPARy
AR E Ap, 1 THE A5 GSK34 11 Tau & (A I
Rk, 1EFT#8 45 NOS3 5 SOD2 i bfEM, 1
FIT48 4 ESR. IGF A1 IGF1R 5 48 it ) 48 5 43 4L,
KA S LB ARG AD. B ZR%IHIT AD,
O RAE T R ETRTT R I 2 5y — 2 B LR, H
J 4 B) A7 6 (6 A2 B[R] 4 38 2 465 DA & AS B
TE—BHRRUE. B KEGG ¥, RIliz
VAT BT R I U BRI 32 L I R s e O T B
FERARST R, T YR YT A MR TR S ) R AR T R
Fikh: @© 3PS 5 sS GSK3A {FFH, 2] Tau &
i R AL, 5 CASP3 M EAEH, % Tau &
FIIE R B AL . X PR AR 3L [F) R HEAE T, A8 Tau
B IR R L 7K A 7 TE R 9 AR BRI 4 A
MG AEgE LS, BB HEGIT AD TER,; @ (LEaW
onjisaponin E W] B I i il e ki i it 2 43 &L, AT
VAT A B ARk 2 T R TS, IR BVEIT AD HIfE
o KEGG 45 3 EoR, 328 38 i b2 i o vl gl oS
PPARy, 450 JULAH B (1) 47 35 B I8 ~F e L AR st
325 3 4 B YR T R, L R R Y gy R I B O
WA N BARNLEEA A, TSP,
GO 77T Je MeSH 745 R IR, mEXNME RS
RIIRAAEE I AERIRITEA .

A TR FH 22 45 24 35 2 1) 7 Vo0t e 35 A A
S AT SR T, IR T I A R AV M A B
B FAE RS, 3 — PR T h 8 2 sy -2 5
R-Z R BRIT LS, T 25 iE 2 BRI Bl



+ 1560 - #j %% %3} Acta Pharmaceutica Sinica 2017, 52 (10): 1554 —1560

E%ﬁﬁ E‘J/ﬁfﬁﬂ%ﬁﬁ?ﬁ%fﬁ?ﬁﬁ%o [16] Pang XC, Wang Z, Fang JS, et al. Network pharmacology

study of effective constituents of traditional Chinese medicine

References for Alzheimer’s disease treatment [J]. Acta Pharm Sin (%%

[1] Bolés M, Perea JR, Avila J. Alzheimer’s disease as an i) , 2016, 51: 725-731.
inflammatory disease [J]. Biomol Concepts, 2017, 8: 37 —43. [17] Liu X, OuYS, Yu B, etal. PharmMapper server: a web server

[2] Kandimalla R, Reddy PH. Therapeutics of neurotransmitters for potential drug target identification using pharmacophore
in Alzheimer’s disease [J]. J Alzheimers Dis, 2017, 57: mapping approach [J].  Nucleic Acids Res, 2010, 38: W609 —
1049-1069 Wol4.

[3] LiL. Advances in Alzheimer's disease in China [J]. Chin [18] Gao Y, Gao L, Gao XX, et al. An exploration in the action
J Pharmacol Toxicol (H1[E 24584 58 % 44%), 2015, 19: targets for antidepressant bioactive components of Xiaoyaosan
765—783. based on network pharmacology [J]. Acta Pharm Sin ( Z§%%

[4] Xie HG Drug treatment of Alzheimer's disease [J]. World 2£4k), 2015, 50: 1589-1595.

Clinical Drugs (1 FLls R 254), 2017, 38: 83-87. [19] Zheng C, Wang J, Liu J, et al. System-level multi-target

[5] Peng Y, Li PP, Li L, et al. Progress of clinical trials in drug discovery from natural products with applications to
Alzheimer's disease drugs [J]. Acta Pharm Sin (Z52£2£4R), cardiovascular diseases [J]. Mol Divers, 2014, 18: 621 —635.
2016, 51: 1185—1195. [20] Yang YF, Wang L, Yan SJ, et al. Discovery studio software

[6] PuYJ, Wang DD, Zhang FS, et al. Herbal textual research on in the analysis of the blood-brain barrier penetrations of
Polygalae Radix [J]. Chin Tradit Herb Drugs ("% 24), 2017, activee components of traditional Chinese medicines [J].
48: 211-218. Chin Pharmacol Bull (' [H 25 #2258 1), 2011, 27: 739-740.

[71 Liu DW, Kang LP, Ma BP. Chemical constituents and [21] Zhao J, Deng Y, Jiang Z, et al. G protein-coupled receptors
pharmacological activities of Polygala tenuifolia Willd.: (GPCRs) in Alzheimer’s disease: a focus on BACEI related
research advances [J]. J Int Pharm Res ([ BRZ4 240 75 42 %), GPCRs [J]. Front Aging Neurosci, 2016, 8: 58.

2012, 39: 32-36. [22] Yao XM, Zhou YY, Li XX, et al. Research progress of

[8] Zhang TZ, Rong WW, Li Q, et al. Research progress on prevention and treatment of Alzheimer's disease by BACEI
Polygalae Radix [J]. Chin Tradit Herb Drugs (" % %5), by traditional Chinese medicine monomer and its active
2016, 47: 2381-2389. ingredients [J]. Acta Chin Med Pharmacol (& 25244R),

[9] Xue R, Fang Z, Zhang M, et al. TCMID: traditional Chinese 2016, 44: 99-102.
medicine integrative database for herb molecular mechanism [23] Song N, Qin C. The role of PPARy in Alzheimer's disease
analysis [J]. Nucleic Acids Res, 2013, 41: D1089 —D1095. and its impact factors [J]. J Med Postgra ( %228 702 Z4f0),

[10] Liu J, Yang X, He J, et al. Structure analysis of triterpene 2015, 28: 989-994.
saponins in Polygala tenuifolia by electrospray ionization ion [24] Chu J, Lauretti E, Pratico D. Caspase-3-dependent cleavage
trap multiple-stage mass spectrometry [J]. J Mass Spectrom, of Akt modulates tau phosphorylation via GSK3p kinase:
2007, 42: 861—873. implications for Alzheimer's disease [J]. Mol Psychiatr,

[11] Song YL, Zeng KW, Shi TX, et al. Sibiricasaponins A—E, 2017, 22: 1002—1008.
five new triterpenoid saponins from the aerial parts of Poly- [25] Hua Y, Zhao H, Kong Y, et al. Association between
gala sibirica. L [J].  Fitoterapia, 2013, 84: 295-301. Alzheimer's disease and the NOS3 gene Glu298Asp polymor-

[12] Hu Y, Liu M, Liu P, et al. Possible mechanism of the phism [J]. Int J Neurosci, 2014, 124: 243 -251.
antidepressant effect of 3,6'-disinapoyl sucrose from Polygala [26] Wang Q, Liu YQ. Pathological mechanism of Polygala Radix
tenuifolia Willd.[J]. T Pharm Pharmacol, 2011, 63: 869 —874. on Alzheimer 's disease [J]. Chin J Gerontol (' [ 4 %% ¢

[13] Song YL, Jiang Y, Zhou SX, et al. Studies on chemical £), 2016, 36: 505-509.
constituents on aboveground of polygalasibirica [J]. Chin [27] Garcia J, Ahmadi A, Wonnacott A, et al. Association of
Tradit Herb Drugs (*1 #.24), 2010, 41: 27-29. insulin-like growth factor-1 receptor polymorphism in dementia

[14] Kelly R, Kidd R. Editorial: ChemSpider —a tool for natural [J]1. Dement Geriatr Cogn Disord, 2006, 22: 439 —444.
products research [J]. Nat Prod Rep, 2015, 32: 1163 —1164. [28] Pradhan M, Baumgarten SC, Bembinster LA, et al. CBP

[15] Wang YH, Yang L. Systems pharmacology-based research mediates NF-xB-dependent histone acetylation and estrogen

framework of traditional Chinese medicine [J]. World Chin

Med (1 51 BE2Y), 2013, 8: 801-808.

receptor recruitment to an estrogen response element in the

BIRC3 promoter [J]. Mol Cell Biol, 2011, 32: 569 —575.



