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Abstract

Objective: Ganoderma lucidum has the potential to against Alzheimer’s Disease (AD), but its me-
chanism is still unclear. Methods: TCMSP was used to search and screen the chemical components
and targets of Ganoderma lucidum, and the relevant targets of Alzheimer’s Disease were screened
from the GeneCards database. The “drug component disease target” network diagram was con-
structed using the Cytoscape 3.6.0 software, and the target Protein-Protein Interaction (PPI) net-
work diagram was constructed using the String database. The drug-disease intersection targets
were enriched and analyzed by Gene Ontology (GO) and Kyoto Encyclopedia of Gene and Genome
(KEGGQ), and finally verified by molecular docking. Results: 14 active components of Ganoderma
Iucidum, 4457 targets for AD disease, 22 targets for interaction between Ganoderma lucidum and AD,
104 GO analyses and 60 KEGG pathways were obtained, mainly involving apoptosis-multi-species,
cholinergic synapses, etc. Molecular docking results show that the core components have a good
binding ability with key targets. Conclusion: Ganoderma lucidum has the characteristics of mul-
ti-components, multi-targets and multi-pathways in the prevention and treatment of AD.
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1. 5|

B /R IR ¥ B3 (Alzheimer’s Disease, AD) & —Fi DA RE B A Ak AT M\ KN4 35 N R IR R X 2 R 50
IBAT PR ARL], S WA, ST AR 60%6~80%, fEZH NBULIRR ET 5 5 f1[2].
BT, FRE AD &EF 4t 600 /7N, 1, #2050 £ E AD EE KT 2000 /5, ~&t5 E AD
BN RS MKEERINESR, fEFE. KiE. LSR8 ITEMH3], AD K H iR
Wit , 2 B YO TPRR R 2 IR AR e ek 22 52 A e FL RO B T EE R [4]. H AT I R ER Y AD FRRAR
29, HZGWasr mTRE = ok — 2 AN RN[5], Bk, KRB MY B3 Han B2,

RZ R FE T 48 7 4 1] (Basidiomycota) <= I (Agaricomycetes) % fL I H (Polyporales) ® 2 £}
(Ganodermataceae) 77 2E T & A o () R 2 J& (Ganoderma) E 4 [6] . R 2 A AR YE N RAERE CH
2000 ZAEM NS, (HRARES) idH, RZRREAT. 3. S KINEHRSAE. EFiE%5.
PAREHER ORI, REZFEAZFRBIE=0E. 2. S8, V. KR, REFRS7], RZR
RZHISEEPEM PUMR . AT, BRI, (a7 i 25955 2B /E R [8], IRl Re e M & S ik
Dife, XA NI S AL, ] AD (AR (9], AR ) R 2 2 FEGe i 3% 2% AD
K2 211E 12 T RE LA BN AT RE[10]

2. MR EHE
2.1 REBYAS KR HTHE
W2 R Y 2GR 5 7 HrF- & TCMSP (Traditional Chinese Medicine Database and Analysis
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Platform), 3RECR 2 A RO FUAH LR i, DL “RZ7 Xgm xR, LLO R4 YR A E (Oral
Bioavailability, OB) > 30% % 25111 (Drug-Likeness, DL) > 0.18 1E Nk 2, K15 R Z A BU&5y
i 8 R 2 WS T Ay I 8 BT A A D e A S B IR R Uniprot K6 2808 70 B A R IR 44 3E AT
VLEC, MIBRESE, HRRZHHS, 5 L2 Cytoscape 3.6.0 B2 il Mk 7 - $ES M.

2.2. TR EmEn
LL “Alzheimer’s Disease” 1E N2, & GeneCards 4k FE it 17 GBI K 25, K B00ds 22 i s A5

A o L 52 00 1 3]0 7R 2 1 BA R PRI A, AR 2R BB AR 5 R 26 RUR A BEAR L [ N Venny
2.1 h, U SR IR AL
2.3. 254 - B9 - EEERERYaE

W R Z 5 BR B BRI AH AR mi 3222 B String Hd e, RN e A28 “Homo Sapiens” i
17 PPI Z3#ir, WERAREEEN 0.9, [FW 5% BBz & 1, M PPI 4. K PPI M2 T TSV
#% I A% % Cytoscape 3.6.0 #uffrh, NH “Network Analyzer” difF #4704, ik R Z Hubi /K s ER
T E A O HE
2.4. GO BERTS KEGG BRESENHT

FIH DAVID %4 FE#t47 GO AW TIfe /4T, MR /RPOEERR - R Z LA it DAVID Hdf e
HBEAT 3 R AR 18 (GO) AE W I 72 ' 4 70 7 P #52E IH 5 B R A 1 R4 TU(KEGG) (5 = i@ B /A, 45 A0
SRT SN
2.5. AL SO R

# Cytoscape 3.6.0 {1 i ik i 1) Degree {6 #1F44 5 = A7 A4 55 CASP3 (ID: 1rhj).PTGS2 (ID: 5f19).
JUN (ID: Ljnm)fE x4z 4, FEAE AT 3 (A BUR M E AR, T#T RCSB PDB #¥i /&, &l
TCMSP. Pub Chem #47 F#k, JffliH] Chem 3D #EATRER /ML, JEZNIE4T SYBYL-X 2.0 FRAFHEH 1)
“Dock Ligand” #Hext CASP3. PTGS2 Hl JUN (1 i iR &5 i BEAT RHE AT INEALFE . (B EMIEE . JFikds
B3GR RS

3. R

3.1. THiEZEIERL Sy

FIF TCMSP #3572, 00 RAEMAFE >30% HZ9WMULE > 0.18 1 ATHk &4, ikt R Z 12k
3 242 DU R 14 S B S0 ST TE Y, 0P 2R E (MOLO011256)%%, /e sl It 43 4y, HAKILE 1.

Table 1. Active components and target number of Ganoderma lucidum
1 RETEMER S RELARE

MOL ID Chemical Components 4 i A

methyl (4R)-4-[(5R, 10S, 13R, 14R, 17R)-4, 4, 10, 13, 14-pentamethyl-3, 7, 11,

MOL011129 15-tetraoxo-2, 5, 6, 12, 16, 17-hexahydro-1H-cyclopenta[a]phenanthren-17-yl] 1
pentanoate

MOL011137 campesta-7, 22E-dien-3beta-ol 3

MOL011140 5alpha-Lanosta-7, 9(11), 24-triene-15alpha, 26-dihydroxy-3-one 1

MOL011159 ergosta-4, 6, 8(14), 22-tetraene-3-one 1

MOL011168 ergosta-7, 9(11), 22-trien-3p, 5a, 6a-triol 1
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Continued

MOLO011171 ganoderal B 2

MOL011256 ganolucidic acid E 1

MOLO011267 Lucialdehyde B 1
(4R)-4-[(5R, 7S, 10S, 13R, 14R, 17R)-7-hydroxy-3, 11, 15-triketo-4, 4, 10, 13,

MOL011270 14-pentamethyl-1, 2, 5, 6, 7, 12, 16, 17-octahydrocyclopenta[a]phenanthren- 1
17-yl]valeric acid

MOL011287 lucidone A 2
methyl (4R)-4-[(5R, 7S, 10S, 13R, 14R, 15S, 17R)-7, 15-dihydroxy-4, 4, 10, 13,

MOL011309 14-pentamethyl-3, 11-dioxo-2, 5, 6, 7, 12, 15, 16, 17-octahydro-1H-cyclopenta[a] 1
phenanthren-17-yl]pentanoate

MOL000279 Cerevisterol 1

MOL000282 ergosta-7, 22E-dien-3beta-ol 1

MOLO000358 beta-sitosterol 26

3.2. THiEERINZYHE XS

Bl R A ER I

Al
N

Figure 1. Wayne diagram of pharmaceutical active components and disease targets

1 EMER S SERFE RS RE

LA “Alzheimer’s Disease” 1E #6227, 7 GeneCards FdE R (T o iinlke R, L3RG S IR K2R
JoiFHOCHE L [R] 4457 A4S, FIF Veeny 2.1.0 1B, LK 1, BT RZHE 085 FIEHRESG A, &
AR BN AD PIVEFIHE 54457 4), R E AT ARZE LSS AD HIZZEIE S22 ).

3.3. REBYASS AD PPI MLEHIHE UK = EH R E ik

B RZY5 AD [t 22 AN SR8 F String Fdi &, HE PPI M2 IR 3EAT PPI 2341, 193] PPI
FAEM S, W 2, SiREIR, ML E 22 MR, 44 %, CPITTAEAE N 4, Hop, 22 4N
AR 22 ANEAR, 44 ZFOREFEATZIE 44 N RBASE, FHTEEMEN 4, REG SRS
B — P AU 2 R AT RO AIE 4 K (L E 2). ¥ PP TR TSV M0k Bk &
Cytoscape 3.6.0 # A+, iz H Cytoscape 3.6.0 I H “ P45 3 Hr A7 X 3 A 80 55 9 A2 B2 L v () oo
AL O b, S5 R AP, JUN (FLfE =8). PTGS2 (F2/¥ =8). CASP3 (f£J¥ =9)f1 CHRM1 (2
[E = 6)SFL AR AR, WA 3 FiR, X PRERIX B SR T R 2R TR R ks B B A )

AN
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Figure 2. Network diagram of Ganoderma lucidum active component-AD disease target PPI
B 2. REFEMM 7 -AD EimEE s PPl M4 E

Figure 3. Protein interaction diagram of top ten targets
3. At EAEEE

3.4. GO EYIEIThRERIE R

iZH] DAVID %4 PEXS R Z gy -AD 8 fU#EAT GO 704, 315 104 5% GO W& a5, HF4HT 5
HE SRR IR IRIMEBEIH] G B B IR LI NEAR S (M5 5 B R 22 ML b B AR 9 T A
SNERIR N ME RN HT 20 2% AR LU A)RTE IR, X0 I R AR IR O i B

TR AR AT R A A R R R R B — e .
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Figure 4. Bubble chart of Ganoderma lucidum-AD target enrichment results (GO analysis)
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Figure 5. Bubble chart of Ganoderma lucidum-AD target enrichment results (KEGG)
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¥ RZF AD LA 1) 22 NME S EAEZ DAVID P&, EYFE A “human” , JFfE KEGG & 5i#
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I RERRAL . PPETEMERCAR - 2B T RS, 2. ps3 E i@ EE. N
S ROLVE K AR A S B # Y . AGE-RAGE {5 5l R BRI Ye . RE(S Sm I AHbAE 2 fik
NEEMPREEERY. RO, 555 FiEK, XEEK S R 2R KB AL 2% D)6
FR(W.I 5). i1d Cytoscape 3.6.0 i fFxf R 2 HVE M L/ 4E s 5 AD A $E mUR F X 28 3047 R AL 73 BT (0
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Figure 6. Network diagram of Ganoderma lucidum active component-target-biological pathway
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Figure 7. Visualization of molecular docking
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MEIUR 2 BB 7R R s 3 R i £ R A4 SE AT B0 B4 R (CASP3. PTGS2 1 JUN)JT e 73 1%
B, B OCBERE A A 5 R ZIEVE ROy AT o TR AR, IR UGBk T LU U A R AY s TRIE SN
S FT 73l (Total Score) > 5 [11] [12], ST /MEBE SR8 45 B BN E » R ZHIIE MR 845 ganoderal B
(RZE B). ganolucidic acid E (/7 R 2/ E). beta-sitosterol (Fi4 &%) )5, BELHER T 445 Bk
BIRES Ry SR AR, ERIE 7. S0 TGRS, RERRIHE, SR
TR, SACEDRIN AR W 8. WRAUKIL, FEA S BRI A =M AW RT BETE BB R PRI B R
HEEEE.

AR KA
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Figure 8. Molecular docking results
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4. FHiLE RS

ITAESR, W4 23R OO 2 N T R B 28T, R R B 2 2T TR B R RN 72 [13] . s 24 3
R RGEY A E RS AT BB S AR LA A — 2 [14], BT 295 (A LA F
ARV RGiME, HALGIETLC — A B — AN S B A i - SRR - B AL MR
ZIZUHEAE I E M4, XFl “ 2R - 28 - 2% 7 B INRE A b B2 H0IE A (15 48
#[15] [16].

B JR BRI B TR R ) R« CORIE” . “ORIRT ZEEBE[L7] [18]. HEEINA, MCAEEZ i
BWRERZA, BEEBR, FEAdtE. WIRmtEHam s S, B, WA URIE, Wems
{@[19]. HEEIN N, AD HIRAIER, Sy BT B B IhEER R B UIRI DG, Hod e DL B W6 i B ol =528,
REZMEPRHE, B0, iy . B4, AD FIRWHLEIRE R, HAl, FEAAE A REM/U. Tau &
FUS R R PEBRAEAR M 0 SR S AU e 2 I 45345 55 [20] « IR 69T AD FI5 VA 23R 77 (n
LW ZRIRFT. BHRCTFE). T4MIAIT. WHEEITSE, LT ARG AD, KA 2
1 AD W5 I TR I [21] o EHT-BRT /R IR BRI A2 — PN 3 ) P v 2 R GUIRAT AR, Rl AD
MIBIRE: AD FIVRYT B L, Ak, HIEEATENE AD MR THEE T —Lit /g, Bk 2 8 TR
RN IR EEZG1E AD 697 T BN [22] o

REZR—MEGEHMZGHMER R, 5B R 2 20— b i 20 R AR 5% 157,
BAZM R ARl ER[23]. RZZPEReiih] AD % >1ic IZBEAS A K U i IL-6 R,
B AD KRR 1% 21104288 71[24] [25] [26]. WRFRBL, wsiiflE i R 2K AT B 2 5 AD EIR, 5T

b
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R, RZEEHH IR/ KM 5-F0 6 R 2 ERE I P23 i 1) & &, AT 5/ BRI 27 21812 R
[27]. BEAb, BFFURIL, RZ=GEATIEEE AB IR R LRI AB DURR, #E—BIE st R 2 H A
AD MIEHI[28]. BEBRAF[29FAKIL, RZHHNEEHNSE AD BE NN RERRG, ot Bk
TER. XA LY, REPIE AD HEZ . L. 2RI,

RTINS I LA E R G40 T RZPE AD [ FHLS, @ g skE 14 Moy, 22
ANTELEAE FHSE SR 60 2645 5@, IR RZ AR R 20 B, /AR 2R E. FHY) S B2 5% 2 Fd L
ST JUNL PTGS2. CASP3 Z55E pi i A i 1. S SIUR BiSE, T AD IR AR JE . IR RE
MIE TR AEFFMATHREM E AN, 76 AD B3 P HRREE AL T EE R, R AHRRE 4 TR IR T2
SEPRIR ) — M S [30], AR ALK, RZ BT g R H T AR AR AR 8 R SR el 10 A7 B AR Y
NP e RE SI[31]. PTGS2 TEAEDUMG IR N AT FI MR 22 (1 O HERE, 25 O0E RS, 78RR R 2R
I3 (1) A 3k e vp R 14 T LR FH[32] [33]. CASP3 NI Tk i i i S B, fEi% S 40l DNA i,
MR AR T2, S & AT T, CASP3 JE4LIE ik Cleaved Caspase-3, K& 5TiESE CASP3 (17
TEAT 5 S AD AT T, 4] CASP3 HISHAL I AT B3 AD i HE[34]

ZE b, RWSCRHME T 0 TR SCRRI AR &G G 00732, X REZAGE RS« VB R SR A
FASTEBEHATIR R MR FL, #En R Z AT ReiEd Bt R SHIET R Sl SR P& it . P e rE A
7 BB AD FIPERT, SRSk R 2 Ht AD RIS 78 B55E T 37 3 2 Ao
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5010); BMIA mE R AIET B AA T H (B RS F & A4 [2020] 6005); 57444 K X ZE TR0 5 0 i B I
H (% & 4= $2[2020] 896).

&E ik

[1] B, 6B, BKE, 25 TR TR ARE I\ 25 B 7 1677 B IR 2 i BRI B 78 76 18 F L
[3]. FEE HhEE 2R E244R, 2020, 36(6): 876-881.

[21  JEIEVR. BT R R BRI AT 22 . KRR SER R T RIS AT SUE R I]. WAL 2019, 14(6): 690-692.

[3] Suresh, J., Khor, LW., Kaur, P., et al. (2020) Shared Signaling Path-Ways in Alzheimer New Treatment Approaches.
FEBS Journal, 288, 3855-3873.

[4] HHEBEZE, W, B SR EN 7B 2 RURFHIEIT BT R R IR 197 RO SR (9], + B H =25k, 2022,
29(5): 848-850.

[5] VEESR, MR, HRAH, & FURREIRPINIRFER ALY RT i Rt R[], R EIGRMER 2, 2022, 30(4):
436-441.

[6] Du, Z., Dong, C.H., Wang, K. and Yao, Y.J. (2019) Classification, Biological Characteristics and Cultivations of Ga-
noderma. Advances in Experimental Medicine and Biology, 1181, 15-58. https://doi.org/10.1007/978-981-13-9867-4_2

[71 Yang, Y., Zhang, H., Zuo, J., et al. (2019) Advances in Research on the Active Constituents and Physiological Effects
of Ganoderma lucidum. Biomedical Dermatology, 3, Article No. 6. https://doi.org/10.1186/s41702-019-0044-0

[8] ikEuk®, JAWE, ARG, 5. R SO ZIRAE R SO R[] BRI R, 2018, 46(3): 18-19+22.

[0] MEMW. REMIFEZSHFR/RKEDROZF R[], #4245 FE), 2018, 8(1): 9-15.

[10] @i, &&Fah, EXA, SN, R, R2Z 2R AD BRUK BOARIBRAT 52 ma[J]. BRI 2%, 2019,
42(6): 35-37.

[11] BJ5%, BavE, HER, & FET 0 FEEOR IAMHIE 1037 553 5 SR i 26 o 88 s AR B E R 7R ).
%24, 2019, 50(17): 4200-4208.

[12] fEHE, XSFEH, DIam, 5. W4 25 B o A op 24 QU WF 0 e % T W ) B [0]. R B4, 2020, 51(18):

DOI: 10.12677/pi.2023.121004 27 2R


https://doi.org/10.12677/pi.2023.121004
https://doi.org/10.1007/978-981-13-9867-4_2
https://doi.org/10.1186/s41702-019-0044-0

WHO
il
B3
48

[13]

[14]

[15]

[16]

[17]
[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
(28]

[29]

[30]

[31]

[32]

[33]

[34]

4789-4797.

Li, S. (2016) Exploring Traditional Chinese Medicine by a Novel Therapeutic Concept of Network Target. Chinese Jour-
nal of Integrative Medicine, 22, 647-652. https://doi.org/10.1007/s11655-016-2499-9

vk, REE, TkE, EBL ks, ZWIak, ZEIRME. BT MK AR 2RI Aok
%, 2022, 63(8): 1837-1846.

FRR, EE, £, % BT WG 2GR T IR AR A K S R e R 2 28 R R BLA ).
rh 24, 2020, 51(11): 2977-2987.

E S, PMEEE, EMRRAR, . LTS 2 SR A A H 1 va T R B R B il 48 (COVID-19) 4 F MLl #R i)
[9]. Hh#Z4, 2020, 51(8): 1996-2003.

Rtk THH. £ESSPEREMEIZN: PEANREML 9 M. Jba R E P EZ H R, 2012,

MR BE, PR EE G 42 % M. bRt AR A H R, 2012.

ST, T, REE. PR ZEHEEOR P E GG L A A A ER]. M EE S R IR, 2018, 35(3):
567- 560.

THILE, BRE, Sk, XIF. BT/RIREGEBIREEUEILE A I6IT 29t it e [9]. HEZG2e &, 2020, 55(23):
1939-1947.

KEGEE-PA R, B, FETY, WAL, BRREEERIE R PSR A S S B [0]. fES 5L, 2021,
43(3): 276-281.

TTNE, FRMSE, FmAE, 2 PhFRUEIT R KRR 0 T UL RS = ). PR 5 IR R Z B,
2021, 32(11): 1622-1631.

wHhEE, T, FhVEME, REan, ik, ERBRAE. R 2GR ARG RS A R L] IRRE 2 S
Sk, 2020, 5(10): 191-193.

EARE, miE, B, % RE LW AD 22301281 K RIS A1 £-6 RIERIFLM[I]. 2+ 54
2295955, 2007(4): 206-209+213.

R, 227, gtE, R L REXT R R RN R R 2 R S5 DA TR e R D). MR 2R,
2008(3): 376-378+393.

2%, BRHOR, 1R, & R 22 MR SR BRI K R SC LR A AL B s [0]. BT R 254 &, 2011,
40(4): 387-389+425.

BRARAH, fRENHN, EFF. RZX/NER S eI R e 2 & R (2 mm [J]. w32 BE [E 24, 2002, 13(2): 68-69.
TKIA, TR, EEEE, KR RZ =AY AD K RENE D E UM AB_ 140 R[], STMIEEZY, 2016,
40(7): 681-682.

B, B, MEFEF, B, REH, . RZHREF BT R/RREBORIGRMEN]. 7P EZKFS
R, 2013, 15(11): 87-89.

Ferreira-Vieira, T.H., et al. (2016) Alzheimer’s Disease: Targeting the Cholinergic System. Current Neuropharmacol-
ogy, 14, 101-115. https://doi.org/10.2174/1570159X13666150716165726

WHE, T, MM, 55 RZRRACZER BN R 2 SR Z R[], 224 B SIRER, 2009, 25(4):
42-44.

Tyagi, A., Karal, M.A. and Poddar, N.K. (2020) Integrated Pathways of COX-2 and mTOR: Roles in Cell Sensing and
Alzheizer’s Disease. Frontiers in Neuroscience, 14, Article No. 693. https://doi.org/10.3389/fnins.2020.00693

Cheng, X.R., Cui, X.L., Zheng, Y., et al. (2013) Nodes and Biological Processes Identified on the Basis of Network
Analysis in the Brain of the Senescence Accelerated Mice as an Alzheimer’s Disease Aniral Model. Frontiers in Aging
Neuroscience, 5, Article No. 65. https://doi.org/10.3389/fnagi.2013.00065

MAA, RiGH, GHE, NEL, TF, 2k BT KA o i BB AD FIE LS &
AMPK/SIRTL {5 S B ISUE[I]. Hh E g2 44 & 1-20.

DOI: 10.12677/pi.2023.121004 28 2R


https://doi.org/10.12677/pi.2023.121004
https://doi.org/10.1007/s11655-016-2499-9
https://doi.org/10.2174/1570159X13666150716165726
https://doi.org/10.3389/fnins.2020.00693
https://doi.org/10.3389/fnagi.2013.00065

	基于网络药理学和分子对接探讨灵芝抗阿尔茨海默病作用机制研究
	摘  要
	关键词
	Study on the Mechanism of the Action of Ganoderma lucidum against Alzheimer’s Disease Based on Network Pharmacology and Molecular Docking
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 灵芝有效成分及靶点的筛选
	2.2. 筛选和建立疾病靶点
	2.3. 药物–成分–靶标网络的构建
	2.4. GO富集分析与KEGG通路富集分析
	2.5. 药物核心成分与核心靶点的分子对接

	3. 结果
	3.1. 筛选药物活性成分
	3.2. 筛选疾病和药物相关靶点
	3.3. 灵芝有效成分与AD PPI网络的构建以及主要靶点的筛选
	3.4. GO生物学功能的富集分析
	3.5. KEGG通路分析
	3.6. 分子对接结果

	4. 讨论与总结
	基金项目
	参考文献

