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Study on the mechanism of Huanggqisan in treating Alzheimer’s disease
based on network pharmacology and experimental verification
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Abstract : To study the mechanism of Huangqisan in treating Alzheimer’s disease( AD) by network pharmacology. To search
the active ingredients and corresponding targets of Huangqisan through the TCMSP databases, Then obtained the targets of AD
through the DisGeNET and GeneCards database. Constructed protein interaction network map by String online database. At the
same time GO and KEGG enrichment analysis of key targets were carried out by using R language. Induction of PC12 cell in-
jury by adopted AB,s ;5 as AD cell model. Detection of cell viability by MTT assay. Observation of cell morphology and synap-
tic growth by microscope. Observation of Autophagosomes in PC12 cells by transmission electron microscopy. Detection of re-
active oxygen species (ROS) content by using Kits. Finally, ELISA and Western blot were used to verify the main biological
processes and signaling pathways predicted by network pharmacology. A total of 44 active ingredients of Huangqisan were
screened , 134 corresponding targets, 102 targets related to Alzheimer’s disease. The top 20 KEGG related signaling pathways

and GO analysis of the top 20 biological processes. Cell experiments proved that Huangqisan effectively increased the survival
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rate and synaptic length of PC12 cells, effectively promoted AB,s ;5 induced PC12 cells autophagosome wrapped damaged mito-

chondria, reduced the content of inflammatory factors IL-18,IL-18 , TNF-«, reduced ROS level, increased LC3 I1/1 ratio, up-

regulated PINK1 , parkin, BDNF protein expression, down-regulated p62,NLRP3 protein expression. Huanggisan had a thera-

peutic effect on AD by activated PINK1/parkin pathway to promoted mitophagy and reduced ROS levels, thereby inhibited the

activation of NLRP3 inflammasome and improved synaptic plasticity.

Key words : Huanggisan ; network pharmacology ; Alzheimer’s disease ; mitophagy
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H 2 Ak 27 A, AR i 1R AR 0 A T EE (oral bio-
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acart. genecards. org/) W iifi £ AD AH & A L A, 7
DisGeNET $415 g v LA45 43 > 0. 1 A i i 2% ik
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20190213); ROS i /| & (3 = K4, #t 5
041720200803 ) ; PINK1 $iif4& parkin HTi& . p62 Hifh .
PR P 28 A 4 TR~ ( BDNF) Hie Ak AR 2o 446 )
fits (HRP) Fric iy L - ht R ek H G(Ig G) |
HRP tric iy th EHt 5 Ig G (3 [E Proteintech 23 7],
it 5 4 B Sh 00047643 . 00091761, 00098963
00047316 ,SA00001-1 , SA00001-2) ; LC3 I/ I #iik
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+15 wmol/L #RMRZ XRS5 ) M BT FEHUIR YT 20 (40

BOAY + W RSO B ) o B R 4 A 10,20
40.80,160 ,320 mg/L & FE M4k LSRG I 48 h, R
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AN, T AT R
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“1.7.27 T4 H T A0 B 24 b J5 , Fs G 3R W, PBS
VAN 3 Y%, 0. 25% g Tt I Ak I Wi B 20 L B T
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2 =R T [EH 1Y (astragaloside V) (MR 2 (puerarin) | 28
2.1 EHEHEARS R IH IR S T PP (resveratrol ) o S 280 i th 44 A RO (L
M TCMSP 11 OB=30% ,DL=0. 18 514, x1), HPEE 124D, BRS5 A, 2HAE 324, &
N A RO Ay BEAT O R, A5 SCHRE T 45 B 5 A
SR INFEGN A B IRTT AD 25 G A4 B
x®1 EBERHERAS
Table 1  Effective ingredients of Huangqisan
5 No. 4% Ingredient OB(%) DL SV Source
M1 11 Z51 Kaempferol 41.88 0.24 AR MC
M2 Wit lz 2% Quercetin 46.43 0.28 AR MC
M3 LB Calycosin 47.75 0.24 AR
M4 S 252 Isorhamnetin 49.60 0.31 AR
M5 HERZER Jaranol 50.83 0.29 AR
M6 W BT IC Hederagenin 36.91 0.75 AR
M7 TFF15 Mairin 55.38 0.78 AR MC
M8 & Folic acid 68.96 0.71 AR
M9 TEARAEER Formononetin 69.67 0.21 AR .PLR
M10 S HTHR Isoflavanone 109.99 0.30 AR
Mi11 7-0-F 5 5 480™ 61| - $5E 7 -0-methylisomucronulatol 74.69 0.30 AR
M12 AR HIF Astragaloside IV 22.50 0.15 AR
M13 B-43 5 Beta-sitosterol 36.91 0.75 PLR \MC
M14 3'-H AR K G IC 3'-Methoxydaidzein 48.57 0.24 PLR
M15 W S T E AT Daidzein4 ,7-diglucoside 47.27 0.67 PLR
M16 PLR % Puerarin 24.03 0.69 PLR
M17 5 # i B Z (9CI) Iristectorigenin (9CI) 71.55 0.34 MC
M18 3% B Moracin B 55.85 0.23 MC
M19 3£ C Moracin C 82.13 0.29 MC
M20 22 D Moracin D 60.93 0.38 MC
M21 %3 F Moracin F 53.81 0.23 MC
M22 JeHRH ¥ Glabrone 52.51 0.50 MC
M23 KAFEYFIC Pelargonidin 37.99 0.21 MC
w
M25 PEFHRITT Sexangularetin 62.86 0.30 MC
M26 Campesl—S—en—3 beta-ol 37.58 0.71 MC
_ Gy -
M29  7-HIHL-5 4" -~ 3 FL B b 7-Methoxy-5 ,4-dihydroxyflavanonol 51.72 0.26 MC
M30 4% Cyclomulberrochromene 36.79 0.87 MC
M31 2 J% [ Kuwanon D 31.09 0.80 MC
M32 %% A Moracin A 64.39 0.23 MC
M33 FFEM6,3"-di-0-B-D-MEIHI i i 1 37.81 0.74 MC

Moracin M-6,3’-di-O-8-D-glucopyranoside
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F& No. 4y Ingredient O0B(%) DL S Source
M34 %5 % O Moracin O 62.33 0.44 MC
M35 TJRAAE 5 2 Mulberrofuran G 92.19 0.24 MC
M36 SR A % #2485 Mulberroside C_qt 71.39 0.46 MC
Rt 3 4 40,5 ghnopymncide
M38 I AREH B Sanggenone B 115.44 0.30 MC
M39 M ARMEH F Sanggenone F 62.42 0.54 MC
M40 IMLARER H Sanggenone H 37.50 0.53 MC
M41 I ARET M Sanggenone M 68.29 0.85 MC
M42 MLARA% Sanguinarine 37.81 0.86 MC
M43 WM Cycloeucalenol 39.73 0.79 MC
M44 428 7 % Resveratrol 19.07 0.11 MC

AR B MC: R 7 PLR B AR

Note ; AR ; Astragali Radix; MC ; Mori Cortex ; PLR ; Puerariae Lobatae Radix.

2.2 “ByAS-HER"MEE
FIIF Perl 4% Y , 5 A Cytoscape 3.7. 1
B A i B B AD B A 80 43R R 2% [

(WP 1) o FIH Cyto Hubb $ifF45 H HE4 Fi 4 47209
R AR AR SRR B R 22
L

Bl BEBARMS-BRME

Effective ingredients of Huangqisan-target network

Fig. 1

TE A2 P R R HUN A U84 W (K 5 JE  #E LR, Note: Red diamond ; Huanggisan compound ; Blue rectangle ; Target gene.

2.3 AD fEXEHR

1E DisGeNET F1 GeneCards 2{#E )& AD [ 4 3L
,ALAGF] 2 894 ANIEA
2.4 PPl MEHEE

W B EEH-AD SR HE S0 A String [ 3l , R A5
PPL [ (L& 2) , Hor = s 4 102 % 1 124 -1

T 8.46 IR R A R KL 0. 588 5 W45 AR
FREA,ELINRE AR B IR, 458
WAL | B S R A A R R, P
& 10 fg 52 A 25 PINKI . NLRP3 . BDNF. INSR .
MTOR .OPTN .APP .CASP3 .SOD2 .GSK3B.,
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2.5 GO % KEGG &3¢ PAT R RN R N AE . AT KEGG 3 j% 5 4541
GO FEHEMMALIE M5 o FIReMAEY Pl sk (WE 4) . &40 KEGG i# % £ 54

R 3 Ay, K GO BAEHEZ AT 20 MR R E FRERLIR A WS S B R A S R

(DL 3), B4R GO IRE EZMHE AWE  RAER {55 BT/R G BRIN S

I K5 fish AT S R T X IR S F A RN 2R T

E2 ¥BEA PPIRM%&HE
Fig. 2 PPI network diagram of target protein

B3 GOgEE&RSH

Fig. 3 GO function enrichment analysis

B4 KEGG @EE&7TH
Fig.4 KEGG pathway analysis
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2.6 HEEHDT AB.1ESHI PCI2 BETEE RN
o5 (4] g, B2 PCL2 40 3% 2R B G [
flR(P<0.01) ; SHERIZ b, B 4L S, 4i
L R B TR (P <0.05,P <0.01) . #HEEK 4
24520 (10 ~ 80 mg/L) 5 RIAY L] LA, 20 M A7 3
W T . 25 R B A 80 mg/L HAG 4eit2%
2550, B2 Ja Bl A U B 00 T i FLAF 16 8388 i s B AN
S, DRI f 200 5 R FH 8PS HE 80 mg/L iF 47 45
(W% 2).
2.7 HAPCI2AMEEEFMRERKENKE
5555 REZH A HE AR A4 A 20 B o B 2 02, L
AR 21 200 [ 114) 2 i ) S 4 e R AR AN AR AR 1
BEFIE  $27R AD ARG R T, SRIRIZ LR,
B PSR ZS F 2 4 L A A R I S 15 i TR
A Z I , 555 FRZH B A0S AR LR S) .
S g, B R 2R A SR ALY PCI2 4 a2
R BIG (P <0.05,P <0.01) (W3 3),

R2 HEEHR ABs A
PC12 JRETE REIHM (x =5, =8)
Table 2 Effects of Huanggisan on the viability of
PC12 cells injured by AB,s s (; +s,n=8)

20531 FE G
Group Dose(mg/L) Survival rate( % )
Xif ##2H Control group - 100.00 +0. 18
BEEIZ] Model group - 65.48 +5.16%
WS HL Y
R 10 75.68 £3.24*
Huanggqisan group
20 81.54 £2.66 "
40 88.88 £3.28 "
80 94.46 £4.32* "
160 95.24 £6.28 " *
320 96.78 £5.62" "
TE S0 IR e #, P < 0. 015 ST A, * P <0.05, % * P <0.01

(345 HETIR) .
Note ; Compared with control group,® P < 0. 01 ; Compared with model
group, * P <0.05, " * P <0.01(Tables 3,4,5 and Fig. 7 are the same).

E5 £&K4HPCI2 HERIFEE( x800)
Fig. 5 The morphology of PC12 cells in each group ( x800)
VE A KIRLE ;B AR C ZRNRFFAL ;D B4, FIA], Note: A : Control group;B:Model group;C:Donepezil group;D:Huanggisan group,

the same below.

3 &E PCI2 MRS EKILLE (v 5,0 =8)
Table 3 Comparison of synaptic growth of PC12

cells in each group( xxs ,n=8)

415 G

Group Protrusion length( um)
B2 Control group 64.78 £2.75
HiRIZH Model group 7.68 +0.98"
ZAEWRFF4H Donepezil group 28.64 +3.34*
BTG Huanggisan group 46.58 +3.64 % *

2.8 EHEHX AL, iESA PC12 R B /MK R
=l

X HEZH PC12 4 fif A mT B g WS 3 5E 3 8 4k
RO, Rl EAR R AR e 88 . 50 B2 b, A8
HAMPLLE ABosas 0107 5 AT H BRI 11 [ Wi /AR
JF HEZRL R S 302 s A el A8, 4 48 AR08 28 & A= 7
b SHIRIA A, B A 2 IR AE ST 41 PC12
S /MR 8 25 0 i, [R) B ] X SR B H 2 p F
AT B 1 32 B AR, $i R B RS HORT I T
PC12 4 fiy AW ULIE 6) o
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B 6 iE5F RN X E A B /MK ( x30 000)

Fig. 6 Transmission electron microscope for observing autophagosomes in all groups( x30 000)

2.9 &4 PCI2 HfE _EiEFi% IL-18.1L-18 1 TNF-o

KFE
X R A, A AL PCI2 i 1L-18 1118
i TNF-o K2 W1 8 38 55 (P < 0. 01) s SR LY

B, U 2 IRZR 574 PC12 4y IL-18 . 1L-18
1 TNF-o K B ZE WK (P <0.05,P <0.01) , 3R
BEREHION PC12 4 i i) 58 5 B g HL AT BH fb i 0 11
M 4) .

%4 £4APCI2 fH 1L-18.1L-18 F1 TNF- 7k FEGEE B (v £5,n=8)
Table 4 Comparison of the levels of IL-18,IL-18 and TNF-« in the supernatant of PC12 cells in each group(; +s5,n=8)

L IL-18 IL-18 TNF-a

Group (pg/mL) (pg/mL) (pg/mL)
Xt A2 Control group 12.52 +1.48 86.18 £0.58 124.72 +8.78
B Model group 36.84 + 1.46" 126.84 +5.42% 145.26 +13.54*
443 WRFF 41 Donepezl group 20.12£2.38° 118.36 +12.28 * 134.84 +13.68 *
# HH4 Huanggisan group 16.18 £2.56 * * 115.18 +11.64* * 128.68 +24.58 * *

2.10 FHEBT AB, 515 SR PCI2 448 ROS &2
B2 i

S5XTHRIA H, BLRIZH PC12 41 ROS & &=
BFE (P <0.01) ; SEAA LR, B FEHLAL L 2 IR
AT PC12 40/ ROS & & & AL (P <0. 05,
P<0.01)(hL35),

£S5 HESY ROS SBMZME(x £5,n=8)

Table 5  Effect of Huangqisan on contents of ROS(; ts,n=8)

20531 ROS &
Group ROS content( IU/mlL,)
X HEZH Control group 16.68 +1.66
A2 Model group 52.84 +3.64"
£ Z5WEFF4H Donepezil group 34.82+1.46*
I B4 Huanggisan group 26.24+1.88* "

2.11 EHEHI ABss 15 S H PCI2 4HAE F B 14
XE B NLRP3 BDNF & H&RIAR &M

5% FRZH Hr A, B 40 20 ffd PINKI | parkin  BD-
NF 75 (4 %35 0 2R, p62 . LC3 11/ 1T .NLRP3 %5 [
TR B FE (P <0.01), SHAH LER, 8 HL
2H LR 23 55 4H Wy PINKI | parkin ,LC3 11/ [ . BDNF
FAFRIB B E TS, p62 [NLRP3 25 [ 31k B 1 F#AIK
(P<0.05,P<0.01) (WKl 7),
3 WitE&R

AD R EAFN T 2 OSBRI AH L) & R AL
RV = AR ILAE B R 15 3R e = R0 AT,
ARFFR N3 BRI o W8 PRI & T v B 2 1 7H
8, VRT3, R R 2
Wi, BB, AR UE S o BRI, 2530 92 BT T 3R
SEIRIT IR R EAC LI W RS HUR IR YT I B 1 24



Vol. 34

KT RGBT 0 4 24 B RS20 36 MR AR B B HIA T T AR AR I B 1 VE AL )

2127

-
= £ *
§ 0 T §
Q 2 03
Q - 5 4
< L £
Z os & 02
o
# Ill ’ll o1 ﬁ
0 = . o
A B o} D A B € D
-
15 7
#
£ 08 # .
g 10 o T
5 . 5"; 0.6:
3
g os g o4
’l‘ ’_—F_‘ - ’LI
& —_— ”
A B el D A B (o] D
08
4 08
£ o6
3 * <
3 - g -
g 04 = ;04 .
Z =}
02 @ #
0. 0.
A B (] D A B e D

PINKI- - ee—
parkin G S S

LC3 11— — - - —
s (. — -

NLRP3 W=

xS

B7 R AL, S PCI2 ME A RERX B SR NLRP3 BDNF & A RIAHIHM
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