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Abstract

Objective: To study the antidepressant active components of Ganoderma and their mechanism
based on network pharmacology and molecular docking technology. Methods: the active ingre-
dients and related targets of Ganoderma were retrieved from TCMSP and BATMAN-TCM databases,
and the related targets of depression were obtained from DisGeNET, GeneCards, OMIM, DrugBank
and TTD databases. Take the intersection of depression and Ganoderma targets by using Ven-
ny2.1.0 online software, input the common targets into STRING online analysis platform to obtain
the protein interaction network between Ganoderma and depression, and then import Cytos-
cape3.8.0 software to construct the Ganoderma and depression common target network, and con-
duct modular analysis. DAVID6.8 software is used for GO and KEGG pathway enrichment analysis,
and R Studio software is used to draw the bubble diagram of the pathway. Finally, the results of
network analysis were verified by molecular docking, and the key components and targets of Ga-
noderma anti depression were screened from the existing data. Results: through the construction of
Ganoderma active components-Ganoderma and depression common target network analysis, it was
found that there were 40 Ganoderma and depression related active components, corresponding to
210 gene targets, which were potential anti depression targets. According to PPI network, the anti-
depressant effect of Ganoderma is mainly related to 10 targets: INS, TNF, FOS, PPARG, IL1B, ESR1,
JUN, SLC6A4, LEP and CASP3. Ergotamine, Fumaric Acid, Ganoderiol D, Methyl Ganoderate F, Methyl
Lucidenate D2, Methyl Lucidenate F, Ganoderic Acid C, Ganodermanontriol, 5,6-Dihydroergosterol,
Ergosterol are the main active ingredients. 73 cell components, 692 biological processes and 131
molecular functions were obtained by GO functional enrichment, and 76 KEGG pathways were ob-
tained by KEGG pathway analysis. GO and KEGG pathways are mainly concentrated in signal
transduction, components of plasma membrane, drug response, positive regulation of cell proli-
feration, c-AMP signal pathway, and neuroactive ligand receptor interaction, suggesting that Ga-
noderma may achieve the effect of treating depression through the above multiple pathways. The
results of molecular docking showed that Ergotamine, Ganoderiol D, as potential active compo-
nents of Ganoderma, had good binding ability with the target FOS. Conclusion: according to the
results of this study, it is speculated that the treatment of depression by Ganoderma is mainly re-
lated to Ergotamine and Ganoderiol D. Moreover, for the first time, the antidepressant effect of
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Ganoderma was linked with the good binding ability of Ergotamine, Ganoderiol D and FOS. It was
predicted that Ergotamine could act on FOS to regulate the monoamine neurotransmitter hypo-
thesis 5-HT, and Ganoderiol D could act on FOS to regulate the imbalance of cholinergic and adre-
nergic functions.

Keywords

Lucidum, Depression, Ergotamine, Ganoderiol D, FOS, Network Pharmacology, Molecular Docking

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. BY

FAR RS R ACRE f2 — FiokE #h 2B, IOt A% B2 Hp 2 AP R[] AR 28 2 (10 B A XHIR
%, FOAFITIRE TR, HEAR D) REREAS AN B B IR R B R [2] . Rt DA H SO E R, AR
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W 3. AR HEt(Absorb Distribution Metabolize Excretion, ADME)Z405h 1554  LUIRAYIFI I

ik

DOI: 10.12677/hjbm.2022.124031 255 LR 2


https://doi.org/10.12677/hjbm.2022.124031
http://creativecommons.org/licenses/by/4.0/
http://tcmspw.com/tcmsp.php
http://bionet.ncpsb.org/batman-tcm/

T4, E£4M %

(Oral Bioavailability, OB) > 30%, 25Z41%:(Drug Likeness, DL) > 0.18 3 J§ T TCMSP H3f it il o #4711k
SRJETE B FUEE FE Uniport AR AL R ZERIBE . W EWFRRIEDN “Human” , 3fi%%F Reviewed. Swiss-Port
HH.

2.2. FRISHIAMERXERIER

FOHIFE (1) #5545 Bl T DisGeNET (https://www.disgenet.org/). GeneCards (https://www.genecards.org/)
DrugBank (https://www.drugbank.com/). TTD (http://db.idrblab.net/ttd/). OMIM (https://omim.org/) HH £
RG], F¥ E Score {H > 20 XK [ DisGeNET A1 GeneCards #4578 H (¥ 55 31T 77i% , DrugBank i
JEE TR A B 2R 1 BRI T AR Uniport S0 e b 6 4k Ji DR 5
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Sk R AR S S HARE FH OCHE SN Venny2.1.0 IR FELLTE &, ¢l BE, 15373 2 AR
JELEFRAEE. REHRZS5MAGEMILE RS S R ZEME RS 20E 2 2 E XN, @it
Cytoscape3.8.0 M LA R Z M sy - R Z 5 HAECE HEA #E o0 RN .

2.4. EARMEEERMLE(PP)EHE

O RZ GIHEREE S #E 5 3ERd -, J8iE STRING #2470 H7 T G 15 51 & 11 W 4% E.1F €l (Protein
Protein Interaction, PP1). [ #8 7> ZHUONERINE AL, K51k +% Multiple proteins #4415 B H“Homo Sapiens”,
B AE T B 55 B {5 B2 medium confidence = 0.400, J-R&jE{ 2 /N5 i . @it Cytoscape3.8.0 4%t PPI i3k
ITREER, FIF “Network Analysis” Tigext /28 ¥ +h B P 70 4, M8 FL75T B2 A (Degree) i it B 2 1 W £ 1
INBHFAT R 2 S SAAERI S R, TR MCODE il #E AT Ak 200, FEIRECHEA AT 4 it
175387, NTTIAF BN 2590697 950 (1 T Be A AL .
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BT DAVID6.8 7£ £k 53 i1 T- & (https://david.nciferf.qov/) Xt 26547 5 5 3 [A] S8 r 3k 47 3 K A4 (Gene
Ontology, GO) il 5 #R3& [K 5 3[R 41 7 %L 4= 15 (Kyoto Encyclopedia of Genes and Genomes, KEGG)if % 4 T,
53 4934 2 (Biological Process, BP). 42l i (Cellular Component, CC). 43T ZhfiE(Molecular Function,
MF) LK KEGG il % i< it
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Figure 1. Venn of common targets of Lucidum and depression
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¥ 210 AN R ZFMARE 19 IL A $E 2 5 40 PR ZIE TR Xz, Il Cytoscape3.8.0 AT AT
TRAbHE, 193 R 2 - FEPERLS - BT - HHRIE M 2 (P 2) o SN[ B 43 AR 2R R 235 M 1 o RO A S
EI KNS Degree {8 1IEMI . 2orfr, 4ME N Degree > 3 (1 b5 B 2 (%0 145, P IEIN Degree < 3 F#E 5.
Degree {8 51% 17 S B E O PEA 9K, Degree (B BR A W% 715 s i B2 rhoCvBk sy, 1288 U720 28 Hh i/ FH sk
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FET R Z SIECE I B S S 2 & A HAE PPI N4, Wl 3 Az, FIH Cytoscape3.8.0 #/FHEAT I 4%
AT AT R, PP ZRIEAFAE 210 A9, L5 1903 4%i14, ffiik tH Degree {E Hi 10 [144H %5 55 2 ) 1L
A, TR K LR A R 2 ISR s B A AR ZMINE, W55 1 Fis. 310 10 PR 2 R FESUHD
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Figure 2. Common target map of active components of Lucidum and depression

E 2. RZS5IMBEEER T B RE

Table 1. Topological analysis of potential antidepressant targets of Lucidum (Top 10 for medium)

# 1 RZEHIEE AL (N ER AN

B AR S Degreeff >3
W AR N Degree B <3
. R R

a2 1 2 3 4 5 6 7
RS SLC6A4 FOS ESR1 JUN LEP  CASP3 PPARG
™ Degree 50 65 53 51 49 49 61

8 9 10
IL1B INS  TNF
60 87 75

Table 2. Analysis of antidepressant active components of Lucidum

*® 2. REFUDBEYR S 24

=35 % XA Degree Type
Ergotamine a1 )i 85 LingZhi-23
Fumaric Acid [Ty 62 LingZhi-30
Ganoderiol D RZEED 25 LingZhi-32
Methyl Ganoderate F RZBHIEEF 23 LingZhi-37
Methyl Lucidenate D2 HZH; D2 HER 23 LingZhi-31
Methyl Lucidenate F RIERZF 22 LingZzhi-28
Ganoderic Acid C RZWC 19 LingZhi-38
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Continued
Ganodermanontriol R Z kB = 18 LingZhi-35
5,6-Dihydroergosterol 5,6-3 ff (S % 17 LingZhi-8
ergosterol A [ 17 LingZhi-7

3.6. EEREEMERAAZIR S

% PPI & A M 2541 BAE A K 5\ Cytoscape3.8.0 #fF, KA MCODE 5%, F-iR#% Degree {H 1335
FBLH BT o JEHL 4 AN FEE ARG BOR PR AT 20 4T, e 3 Fos.

Table 3. Analysis of common target modules

= 3. AARSBRO

j53=2 Score bk
Pathways in cancer, Proteoglycans in cancer, Non-alcoholic fatty liver
1 22,53  disease (NAFLD), TNF signaling pathway, Cytokine-cytokine receptor
8 interaction, MAPK signaling pathway, Leishmaniasis, Rheumatoid arth-
ritis, Hepatitis B
Nicotine addiction, Retrograde endocannabinoid signaling, GABAergic
2 8.706 . LS A . A
synapse, Morphine addiction, Neuroactive ligand-receptor interaction
. L ]
= r W m o Neuroactive ligand-receptor interaction, CAMP signaling pathway,
3 . 5.6 . LS .
» S Calcium signaling pathway, Alcoholism
® PY ®
4 ° @ 55 Serotonergic synapse, Neuroactive ligand-receptor interaction,
® @ ' Dopaminergic synapse, CAMP signaling pathway
® ®

3.7. GO M1 KEGG B9

1 RZ 5 HEE I #E A A\ DAVIDG6.8 #dis =, FIH R Studio 21453 BP. CC. MF 1 KEGG
(5 4), B A N BP AL B B N CC 45K W C o MF 545K, B D N KEGG
W E SR SRR RIREL P AARIREE P value < 0.05 I H 48K 1% H BT & 1)
B A H IR RN, Ti—logl0 (P value)fE i/ DABREL (VR R AR (b o o XSGR i 28 %08 I R 15
TERI B VR E BN, B AR K. R4 GO M KEGG B&EHritR: KEGG ik 76 7%,
CC il 73 %, BP il 692 5%, MF @ik 131 7%, #Kf3 GO 5 KEGG #i#fIt 972 2. #i R 4 BIk:
RZZIRTT PIARAE i AL 0 3dt 2 2 EARILAE X6 254010 s S (response to drug). 15 5% S (signal transduction)-.
RNA B4 11 3 51 5% 1 1E 13842 (positive/negative regulation of transcription from RNA polymerase 11
promoter). 4 fitd 18 5 1) 1E i %5 (positive regulation of cell proliferation); 4 £H i 5 EEARELLE S5 5 Fr 4L R
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Figure 3. Lucidum depression common target protein-protein interaction network (PPI)

E 3. REMBPEXBLLEB R - EEREIEMWEPP)E

4y (integral component of plasma membrane); 4> FIhfg EBEEPIEZGY L S (drug binding); 8B4 7L 1
235 M B4R - 324K H B /E ] (Neuroactive ligand-receptor interaction). cAMP {5 5 il % (CAMP signaling
pathway) DA & £515 5 il % (Calcium signaling pathway) .

3.8. REZEHUHMBER S 5 X B R 5 FXHEWIE

HEHT PPI 4% B B AT 5 AO¥E A INS. TNF. FOS. PPARG. IL1B {F Nfik 3£ X, 5 Cytoscape3.8.0
JEAERT 5 PGS 2 MG & SR R2ZEE D, REBHEE F. FR2 1R D2 FRESHET /0 T X B0 e 3 2
KTEE RS EY o FRHEFT A VEIE R (R 4), DURCR IR S0ARRETE 7E SR D f 5 H s M Ut & it
PR B 50 RIS TXERE REIR: REZIEMERISZ A TNF. FOS. PPARG YA 98 41 sl i 1 45
A, MMM RE = D. K2 D2 HEES FOS ARG &AM, Wik, 5. R2=
BED. RZIEHERF. /v 2R D2 HEREMFAE S 2 BA S aia B e B .

Enrichment of DEGs Enrichment of DEGs
A signal transduction [ ] B postsynaptic membrane | *

response to drug ° Count plasma membrane ® count
. positive regulation of transcription, DNA-templated [ ; §§ _ neuronal cell body 1 + . ;5;
§ positive regulation of transcription from RNA polymerase 11 promoter ® : ig § membrane . ® 75
g positive regulation of cell proliferation . @ 45 é_mlegral component of plasma membrane o @ 100
,g negative regulation of transcription from RNA polymerase Il promoter ° -log ; é)(PValue ) E integral component of membrane ® "W;;J(PVE'UE)
5 negative regulation of apoptotic process 9 * 2 3 extracellular space . 2
@ G-protein coupled receptor signaling pathway . 15 extracellular region . 0

chemical synaptic transmission | * ;n dendrite{
cell-cell signaling 1 * cell junction .
125 150 175 200 225 10 20 30 40 50
Rich factor Rich factor
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C Enrichment of DEGs D Enrichment of DEGs
zinc ion bindingq{ ® -log10(PValue) Serotonergic synapse L] -log10(PValue)
transcription factor binding 7 * 15 Retrograde endocannabinoid signaling | * 40
g transcription factor activity, sequence-specific DNA bindingq{ * 10 - Rap1 signaling pathway 7 * 30
§ sequence-specific DNA binding 1 * E Pathways in cancer - L] 2
LI:.' protein homodimerization activity 1 5 ‘g Non-alcoholic fatty liver disease (NAFLD) 1 * 10
f_:ﬂ protein heterodimerization activity { Count 8 Neuroactive ligand-receptor interaction < [ ] Count
§ protein binding @® + 25 & Morphine addiction 7  ® . 20
S identical protein binding{ ® : 32 CGMP-PKG signaling pathway | * : 433
enzyme binding v * ® 100 CcAMP signaling pathway 9 [ ] ® 50
drug binding 1 * ® 125 Calcium signaling pathway - ° ® 60
20 40 60 10 15 20 25 30
Rich factor Rich factor
Figure 4. Bubble diagram of GO and KEGG path analysis
4.GO 5 KEGG @2 = /aE
Table 4. Scoring table of target and active ingredients
=4 BREEERIITAR
o IEERY -
T R e =25 RZ®D RZMFEF  AFZRK D2 FHig
INS -8 -2.9 —6.7 -5.1 —6.1
TNF -9.1 -4.9 —6.7 —6.1 -7
FOS -8.4 -5.1 -8.9 -8 -85
PPARG —8.6 —4.3 -7.4 -7.3 -7.1
IL1B -7.4 —4.2 -5.9 -5.9 —6.3
~

Figure 5. Docking diagram of potential key targets of Lucidum in the treatment of depression and their compounds with

good activity
5. REATTHIEMEBE X RS SHEHRFHEYDMEREE

4. Wig

I PR Fh A S 45 22 2 LK SRR T R, W1 90 R A0 2 B B R T AR RE VR L], 25 SRR R
Th1 22 W 3 0% 3 3 42 v K BRUDG P B R A 2368 i 22 EEL % (Dopamine, DA 25 ' I % (Norepinephrine, NA).
5-F% (4 Ji% (5-hydroxytryptamine, 5-HT) & &, MM SCEHERRERE IR, $5 mrxd AR B va 7 ROk [13]. A
&, TR RAESER AN RAERTE FU R 2 M Ui AR AR LI AR DG SEae v, I R 2 A6k R a4 il i
W SSREDE T PRI 0T, 3N S A Y5 M 4 42 5 5% K 1 (Brrain derived neurotrophic factor, BDNF) )3
i, WM ESCE SRR BRAT %, Uil T R Z M BA BUm A E R, HALHI AT a8 5178 51X BDNF A
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K[14]. HWAFEEE OB R HENE R SR 0 0 3 Ak AT s 8s, i B2 5T EN3ZE Western blot 328 I 48 2H K Bt i e
LA i IL-18 5 HWRAH G AR R IL &, 4 ECL R IR SR R G B85 AT G it A i 19 31,

RZMAFHH IL-18 5B ARG KA TRUR AR E S0 AP, RZMFH4 LC3B. Beclin-1 &
H R B AT TR b 2 55 A AT [15], EARSLI0EE W 3% 5. RBES A A4S BRI EE R

ZHFR Rttt s~ RS 2R 5-HT & &, AR T M p-2 2 T & (y-aminobutyrate, GABA) 5
4% (Glucose, Glu)H) & &, 4ERF GIUIGABA 145, FEARIMA T DA /K-F[16]. (HILAH W FLH AL 3] R Z
FLAR R WR L % oy RAFHUANARAEF o DR, A SCHE T 45 24 32 5 00 it R 2R DT ARAE FH 1) 22 25 1
By, B F R FESTARAE F AR

Table 5. Expression of hippocampal autophagy protein in rat brain [15]
5 KEMAEDMEZBMRAERRIEER[15]

4 zﬁ\ﬁa \*EXT RiEE IL-1p LC3B Beclin-1
IEEXRA B 0.2~0.3 2~3 0.5~1.0

B A 0.3~0.4 0~1 0.0~0.5
RZHTFIMA 0.2~0.3 1~2 0.5~1.0

IR FE 2 TCMSP. BATMAN-TCM #5405 Fg th ik 3845 40 Bl R Z 3% 1 s 5 502 MR AL,
i pSCHE DR A5 5 AVISRE S o AH DGR SR ELUR, IR S 45 3] 40 FhE PR RS AT 210 ANBE A I PP 2%
Tl INS. TNF. FOS. PPARG. IL1B &R ZiGyTMACE RSB S, M. & 9. RZBED. R
ZIEHEE By ARBEIR D2 HEE N R 2 R FEGTNARE F BB ZE M i o o 1T 78 DB RE A  H BERE O 1  F
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