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Alzheimer’s disease based on network pharmacology

YANG Meng-lin"** ,;ZHOU Xiao-qing’”* , WU Da-hua>"*,
ZHANG Yun-hui'*? ,ZHENG Cai-xing”” , TONG Tian-hao”"

" Chongging Three Gorges Medical College of Chinese Medicine ,Chongqing 404120 ,China
?Hunan University of Chinese Medicine;*2011 Digtal Traditional Chinese Medicine Collaborative Innovation ,Changsha 410208 , China;
* Affiliated Hospital of Hunan Provincial Academy of Traditional Chinese Medicine ,Changsha 410006 , China

Abstract: To study the mechanism of Danshen-Chuanxiong( DS-CX) in the treatment of Alzheimer’s disease( AD) by using
network pharmacology. Through database search and literature retrieval , the effective ingredients of DS and CX were obtained,
and the targets of active ingredients were obtained through STITCH and TCMSP databases. And the drugs-targets network and
PPI network were built. Then, gene ontology (GO) analysis and KEGG metabolic pathway enrichment analysis were performed
on the action targets of DS-CX were performed using Metascape database. Finally, MTT, ELISA , flow cytometer and fluores-
cence quantitative PCR experiment were carried out to verified the protective effect of DS-CX on PC12 cells. The results
showd that 25 active components of DS-CX were screened and 105 targets for the treatment of Alzheimer’s disease,top 20 tar-
get molecular functions by GO analysis, and top 10 important signaling pathways. Cell experiments also proved that DS-CX
significantly increased the cell survival rate of PC12 cells and antagonize the inflammatory response of PC12 cells and reduce the
apoptosis rate of PCI2 cells,and inhibited the activation of p38MAPK/NF-kB signaling pathway. DS-CX couplet medicines had a
variety of active ingredients that interact with multiple targets and multiple pathways in a synergistic manner to play a major thera-

peutic role on AD by anti-apoptosis and anti-inflammatory ,which provides the theoretical basis for its clinical application.
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g2 g B RyT AD IR A PR E
RGN,

AN IR ) 5 M L, ik e i A
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IBIT AD BYEAIAEEZ — 0 Yan 251 BR5E I SC
Wk P BE 2567 B AR TR 2500 R B, DT Ak A%
SERIRIT BAERIR 90 B A S 5 ISR
AR By, AR P 2-)1 5 ] B AT BCUF IR YT AD
VR o ASBIFTE T R0 4 24 B 2207 1k R 211
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HEIRYT AD BIlE ARG RRAEA MRS R
1 #Rl57A=%

L1 ASJISHEYMTENET

1 TCMSP (http : //1sp. nwu. edu. en/temsp. php)
F1 BATMAN-TCM ( http://bionet. ncpsb. org/batman-
tem/ ) FREE P2 )1 75 P A v 24 B RO S8, AR
H AR A FH B (oral bioavailability, OB) =30% K 2524
1 (drug-like, DL) =0. 18 #E47fifii% " o [, 8 1d
SCHRRE R AP SEFF S A 25 i HA A U8y . — 28
OB AR5 g BT RRIR BN . F R TR e 2% 1 (5
AT SCHRAS 38 & X A RUS A IR ST AD 1)
YRR, BRI X AT 3808 o3 AL B AR g AR BIF 9 1 o e A4
RORSy o GRS R A ] PI3K/ Ak 3 %,
PHIY Bel-2  Bax , caspase-3 B3k, NI HEPT ABos s
P AN T 5 A R v b SR A A
AD /)N IR A ) S8 I T80 AT T AR DG AR T R R
ik, MM & AERT AD BT .

1.2 BHBMERBSERNETL

B TCMSP %54 JZ2 . Drug Bank ( https ://www.
drughank. ca/) 4% P2 Il STITCH ( http ;//stitch. em-
bl. de/ ) H e A ) A RO ROV HTEE
1.3 AD RHREXERKE

1F DisGeNET %% & £ ( http://www. disgenet.
org/) TTD %%4& JZ£ ( https ; //bidd. nus. edu. sg/group/

cjttd/ ) F1 Drugbank ¥4fs B h KR AD BB RE AL, 2
B =Ktk 12 2 T
1.4 BASJIEERHTE AD £EHEATFIER
PPI W £& 52

B 127 R 1L 37 TR A BB S AT L, H
FE[RIHE A Bk se L [R] HE 51 1% 2 STRING i /&
o R U A 1 BAH AR (PPT) M2,
1.5 fifik PPl 4R KB ER

fE& Bl Cytoscape 3.7.1 B4 {4 Centiscape 2.2 &
t PPT R 2% 1 e B vho M (degree) | 4230 o0 1
(closeness ) A1 H1 4> H1.0> 14 ( betweenness ) [ H AV 2,
WEFE degree , betweenness Fll closeness ¥ 7E 7 41 2
AR RO RN
1.6 XEBONMREERSEYIEST

FFZ-)INERIT AD SRR IE i Metascape 75
AT GO 20 #7 il KEGG 38 i 43#r . 3RBUT 2115
AR5 AD AH SRR 20 57 1 Az 4 27 i B R i
10 37938 5%
1.7  {RSMGIESELG
1.7.1  fmpe X5

PC12 2 (R0 i A= Wy H ARG BR 2 |, 5
2015032007 ) 5 ABrssy (% [ Sigma 2 i, dit 2
053M4804V ) ; Annexin-V/PI 8 T4 3 5] £ ( Key-
GEN BioTRCH , #t5- 20201204 ) ; ELISA Il 5 124571 &
(FE AU B AE ST BT, 1L-1B8 415 Y16036021, TNF-o
HEE Y17036022, 116 L2 Y14036607 ) ; p38MAPK . NF-
kBp65 5116 B (H B A TAE Y TR BRAS ) 48
f6) 5 aRT-PCR 128058 & (o [ Jb TR T 20 23w it
5 50445) 5 &5 RNA li42 155 ( Trizol ) ( Hv & b 5
it Ze A L S 36320) o P42 100g 1 H 1R
B 24 R 2 — B Jm BE B s )11 %5 100g 1 3 ) g h B 24
KL~ BB, ¥ 1 1RO I K
P& =R AR NI B IRE , S B IR K B I i 2 -
20 CUKARI L
1.7.2 BHE

Galaxy 170R R — S fba3s 5248 (_ LIFETREY
Fi RABRZS 7)) 5 Eppendorf 5804R 7 AR i 5 3 B9 >
HL(1E[E Eppendorf 5810R ) ; Primo Vert %I {8 & 2 fi
1% (fE[E Carl Zeiss Jena) 4,
1.7.3 w3z B 54T

PC12 ZHjifiF 37 °C 95% 0, 5% CO, {EFHEMA
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KE2XBAERKY, 708 5 4. XIRAL . fE A& FBS,
PBS ) DMEM 5 24 hy BEAIZ . FH AB,sss (20
pmol/L) B E 24 ' s I B I R4 (10 pg/
mL) FFZ-)IE PHIEAE (20 pg/mL) S5-I
FIEZH (40 pg/mL) JBE 5 24 h,
1.7.4  F5-0 5 2+ PC12 mha bl mpe b i& 2693 R
FEAFLINA 1 x MTT %3 50 wL, 7 37 °C 95%
0,.5% CO, ¥EFFAH AR SR 5% 4 hy K k3R 2
LN R IR, 45 LM A DMSO 200 L, & #% K I
PR 3 ming FEFRY_EIAFLLE 570 nm OB
) OD fA .

T s _x Y

EF4 0D i - F &4 0D {h
1.7.5 FA-0Z 5k PCI2 a6 £ 55 K 64 %
KA ELISA 346 4% 4 PC12 40 g 5% 37 b
IL-18.IL-6 1 TNF-o & &, Wl £ 20 B )™ 4 44 BR i
VLB AT o
1.7.6 5% 3+ PC12 @l = £ 69 %k
2 Annexin V FITC/ PI iXF| & i BHEAE, =
%1
Table 1

100%

AR A PC12 A T, A EE S
U, AT A 3 X B e 2 T e 1)
1.7.7 %) & 2t PC12 %1 # p38MAPK/NF-«B
12 5 B B0 R

PEERE kA PC12 MY 174 p38MAPK | NF-
«kB p6SmRNA ik, F H Trizol H:HEHL PC 4 ifd 2
RNA, 5 5 i eDNA 43¢ BRI G vl B 5 4798
JGECHT E & PCR R, FlAS 5 [ L3 1,
1.7.8 %itsas

SEEREARAE R R SPSS 24. 0 B A AT 3 #r
HIA LR R 7 225387, P <0.05 Ron =57 A
Git¥ES.
2 #R
2.1 A IIEHNEERSHBESHFIE

AHF5E i 2 TCMSP ~F- & 1) OB i1 DL i %, LA
R AT FRAR T SCHRXS i 245 B R AL & T Dhgb 72
PARFFZ- )N E W 25 e B W FE P2 15(DSI ~
15) 4, )17 10(CX1 ~10) (W3 2) .

514751

Primer sequence

FEH 4 141 (5'—-3") P
Gene name Primer(5'—3") Product length( bp)
B-actin F:CGCGAGTACAACCTTCTTGC 70
R:CGTCATCCATGGCGAACTGG
p38MAPK F:GCACTACAACCAGACAGTGGA 129
R:GTCCCCGTCAGACGCATTAT
NF-kB p65 F:CTGCGATACCTTAATGACAGCG 194
R:AATTTGGCTTCCTTTCTTGGCT
xR2 A& IIEEERS
Table 2 Active ingredients of DS-CX
G %y AR Fehk
No. Compound 0B(%) DL
Ds1 1,2,5,6-Tetrahydrotanshinone 38.75 0.36
DS2 W2 Dugiol 36.11 0.28
DS3 5 ,6-Dihyroxy-7-isopropyl , 1 -dimethyl-2 , 3-Dihydrophenanthren4-one 33.77 0.29
DS4 2-Tsopropyl-8-methylphenanthrene-3 ,4-dione 40.86 0.23
DS5 4-Methylenemiltirone 34.35 0.23
DS6 T FH 3424 Methylenetanshinquinone 37.07 0.36
DS7 128l Salvilenone 30.38 0.38

DS8 [P} Cryptotanshinone 52.34 0.40
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%3¢ 2 ( Continued Tab.2)

G5 s AWF R Je2htk
No. Compound OB(%) DL
Ds9 TS IB4E PR Danshenspiroketallactone 50.43 0.31
DS10 41208 1 Dihydrotanshione I 45.04 0.36
DSI1 SB&FFZ 1 Tsocryptotanshi-none 54.98 0.39
DS12 S P}Z:fi 11 Isotanshinone 11 9.92 0.40
DS13 P12 Miltirone 38.76 0.25
DS14 NSC122421 34.49 0.28
DS15 JF}Z: 0 1IA Tanshinone iia 49.89 0.40
CX1 A Bl Sitosterol 36.91 0.75
CX2 i Myricanone 40.60 0.51
CX3 Jii BE B Mandenol 41.99 0.19
CX4 N EZE N TE Wallichilide 42.31 0.71
CX5 )1 Senkyunone 47.66 0.24
CX6 & )I[Wg Perlolyrine 65.95 0.27
CX7 FA 68.96 0.71
CX8 EEA N Ligustilide 53.72 0.07
CX9 B A Ferulic acid 39.56 0.06
CX10 JI|E W5 Tetramethylpyrazine 20.01 0.03
2.2 AZ-JISHEER - AR 73,224 D= IBAERA BUR SR, 872 SRR

M Cytoscape 3. 7. 1 4608 “ WAL A BUAR T AR RIBLA B4 6 TR B T 51
4L 1), 25 A ERRAEF SIS MABN  SZ0R5 ZHEIL.

Bl “EERS-HER W%
Fig. 1  The target network of the active ingredients
WAL EEY SIS ARUES s EOZEE S A U5 26 =Y #E55 . Note:Red diamond : Active ingredients of DS; Yellow diamond : Active
ingredients of CX;Green triangle ; Target.
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2.3 AD HHX¥S

1F DisGeNET . TTD #1 Drugbank %(#i /% €5 & AD

R AT, FEARAS 2 245 R
2.4 PPl MEHEE
1F DisGeNET .\ TTD #1 Drughank (45 FE#& 48 AD

AR AR S PF 2 NIESAE RS s A 105 DA FEHE A
X 105 MR AT REESF - ISR T AD (EEEEIN
i PPL R4 oA S OCHEALIE N (LA 2) .

B2 $ER PPl M&E
Fig. 2 PPI network diagram of target gene

2.5 XEHERGEER
FIFH Cytoscape 3.7.1 A4 {}: Centiscape 2.2 &
H T /2% closeness B F VAR 0. 53, degree 11 H1 {37
¥k 15. 3, betweenness [14) H v ¥t &y 3. 48 x 107,
closeness .degree fll betweenness ¥J7E -3 (H DL | 1)
S 9 A, IR P J& MAPKI , MAPK10, APP,
AKTI1 | GSK383, Caspase-3 , MAOB , TNF , MTOR, TR
PLE O LR AR T RE P Z- ISR YT AD /Y G i
HEFEN
2.6 GO Ees#Tfn KEGG B4R
F+Z-)IER97 AD 19 105 M5 GO 4r T g
HEATEE AN 3 i, BEOCHR A E S
T AR N MAPK 25 s b 455 T
Metascape £{HE & 1 1 KEGG 43 #r 45 SR an &) 4
Fizs , N AT U H A 46 MAPK {5 558 % \NF-«B
G538 T TNF {5538 #%  PI3K-Akt {5538 #%
SRR PFS-)INERYT AD Y 2R A AR R
XS 3 R S I
2.7 A&-)IE3 PCI2 AR APETEEE RN
EX RRL N L, BRI L PC12 20 ) 40 i A7 0%
S BT (P <0.01) 3 S BUBAL L, FF 5011 2

w0 2 A R AT R TR (P < 0,05, P <
0.01) , &R+ )IZRELRY PC12 A (WK 3) .
2.8 F&-)IIE 3t PC12 A6 R IE K M B 220

55 R X F, B2 PCI2 4 TL-18 . 1L-6 Fl
TNF-a & HXH I (P <0.01) ; SEAIHX I,
BEE I} 2 )1 25 e B 1a hn, PC12 20 i 8% 5% W b IL-
18.1L-6 Hl TNF-o 7 5 BB Al (P <0.05,P <
0.01) , $&/R 151 E i PC12 4B Y S AE I ;
(F4),
2.9 A5-)IIE PCI2 AFAT EH N

ZEIR VLR 5, 50T FEAE T Eb , AR 2 A0 L] TR B
ETHE (P <0.01) ; SERIA N, P15 )15 b
2H 1 PCI2 ZHMafH T ERFIR( P <0.05,P <0.01)
2.10 F3-)IIExt PC12 4B p38MAPK/NF-kB 15
SEEFERERRIENEIE

5%f BRZH X I, AR 2H p38 MAPK NF-«xB mRNA
KB RIE (P <0.01) . HHEARAXT L, P21
A RE ] W FEAIL p38MAPK \NF-«B mRNA 3£
BIKTF-(P <0.05,P <0.01) (1L 6) . #m/t5-
JIEA] R 9 p38MAPK/NF-«B {5 53 #% , #1141 i
JRE NPT R b 2T
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£3 A5 IEI PCI2 BHTEERMBM (x+ 5,0 =8)
Table 3  Effects of DS-CX on the survival rate of PC12 cells(x + s,n =8)

431
Group

Y A
Cell survival rate( % )

Xt HEZH Control

FERIZ] Model

DS-CX IG5 4 DSCX-L
DS-CX HrifilH4H DSCX-M
DS-CX g7l 4l DSCX-H G

99.94 +0. 06
64.63 £0.03"*
80.66 +0.054
85.48 +0.084
90.45 £0.0744

TE: SXTIRGIX I, * p <0.05, " * P <0.01; A%, 4 P <0.05,44 P <0.01, F[,
Note : Compared with control group, * P <0.05, * * P < 0.01 ;Compared with model group,4 P <0.05,44 P <0.01,the same below.
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F4 A5 PCI2 MIKERSHHM (x+ s,n=8)
Table 4  Effect of DS-CX on the inflammation of PC12 (:ells(; + s,n=8)

égji IL-18 1.6 TNF-a
X} &4 Control 12.57 +1.12 84.68 +0.48 124.84 £1.16
P2 Model 36.82+1.16* 128.75 £1.23* 148.82 +1.08* *
DSCX-L 20.16 +1.20 120.54 £1.18 140.04 £1.12
DSCX-M 17.23 £1. 144 115.13 +1.164 135.33 +1.024
DSCX-H 15.12 1. 1744 108.58 +1.12 A4 129.36 1. 1144

£5 ASIIE PCI2 BHIATEHEM (x+ 5,n=8)
Table 5 Effect of DS-CX on the apoptosis rate of PC12 cells(; + s,n=8)

25
Group

Apoptosis rate( % )

XFIRZH Control
BERIZ] Model
DSCX-L
DSCX-M

DSCX-H

1.96 +1.16
29.56 +1.56**
20.16 +1.204
17.24 +1.124

15.16 1. 1344

%£6 F£5-)IE3t PC12 A p38MAPK/NF-xB B4 (x + s,n=8)
Table 6  Effects of DS-CX on p38MAPK/NF-«B in PCI12 cells(; + s,n=8)

ZH 5
p38MAPK mRNA NF-xB p65 mRNA

Group
Xt HEZH Control 1.00 £0.16 1.00 £0.08
HERIZ Model 7.80 £0.06 * 3.58 +0.54" "
DSCX-L 5.72 £0.184 2.12+0.084
DSCX-M 4.85+0.154 1.76 £0.034
DSCX-H 3.14 +0.1844 1.29 +0. 1644

3 i
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27 A, WgE R R PESE A RTINS 40
PR3 A I 3 — 2D ARG TL-18  TNF-o 58V 4 P 1
(A RN ] Tau B8 10 B2 R R L0 01 26 40 i )
T, NI RAEIATT AD VR . BFgE kB, 1l
Al 5@ i /E B PIBK/Akt 3@ ¥, ¥4 97 Bel-2, Bax,
caspase-3 [k, NITTHEHT AB,s.s 15 F AL T,

GO B EEITHIEE R, < PS5 5% 1
FHH S A3 A e Z R A 2 4, AR R 2, il 22
g G2 5 A YIRS, A5 RAE N R T
T AN B R AL e A2  MAPK S 2
Z U T I A TE A5 X SR RE B T AR B
WS R R G R TS R RRt,
P 26 P 2 R S AD i Y T B IR YT, F 5 IE
St o e R T AN AR AL RO S AE AD B K AR A
KRR ECE WM E TN MA A, 1R TS
JIE” 2% ] BEiE o Z2 0 05 2230 3% R 69T AD 1
VER o R T B0 W 2% 24 B4 10 2 B 4 51, AR BF 9% ik
BPZ-IE % Aﬁzszsﬁ%g’lﬁ 1 PC12 4 ) 2 i A7 0%
RORIESY JAT-RIAT TR . 25 R R}
Z- 1| E e W R B PC12 20 0 20 M A7 R A 1
PC12 21 f ) S AE SN B B A PC12 4 LAY IR T 3%
RIERIT AD HIFEH.

KEGG & 4 i % 57 #r R W, J& 5% — {7 1Y )&
MAPK 5 53 [, Ja 55 7 (972 NF-«B {5538 %,
MAPK {550 B AEMFL s Y 25 4 M =22y p38 55
% ERK {3550 RN INK {5558 B 41k, WF9% %
BT, p38 TN AU k AKCT 1  1ES 5
A R ST, BRgE L Y, p38MAPK i
AT A2 (8 Bax AR5 L PTG Caspase-3 1% 4
M5 T- MRS, ik
AL ik p38 MAPK 3 i AT 6] AB, L, 5 S AD
R R R L 2 B & AR R T, NF-wB {553 1% 1]
S 54 R G0 RAE N, AT T 2R
PSS 5 St . AFsidE Y, p38MAPK 5
NF-xB 5C &%V, iH ALY p38 MAPK RE 518 4 i 4
it PR 14 2235 DT Ak NF-B |, 241 ] p38 MAPK [
Fik WA NF-«B (751, FF2-)115 0] g
bR FE p38MAPK/NF-kB 15 53 %, 10 1] 48 i S 1
NI, W HELE AD 14 & A AR o

RFF ST S ) E X ABys 4515 T PC12 41
(1) p38MAPK/ NF-«B {553 i (1) 4% A F 54 7 19 2%
PP R LI I TE . SIS R RS-
JIE AT B B T 34 p38MAPK/NF-«B {5 53 % , e 4%

i AD B4

AHIEFE N 19 2% 25 B~ F 58 14 Z-)1 25 %) AD
(AR TR i3 B o 1B, 45 R A B2 1R
7 AD il it 2 ok 2 2l P E] A
FREIT AR, i PRI AT 211553697 AD 15
PRI 4 B 248 505

2% 3k
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