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Abstract: Objective To explore the therapeutic effect of Yigansan on Alzheimer's disease (AD), to predict its mechanism through
network pharmacology, and to carry out experimental verification. Methods The effects of Yigansan (400 and 800 mg-kg™") on the
learning and memory function of AD mice were investigated in a D-galactose-induced AD mouse model, and the mRNA expressions
of tumor necrosis factor-a (7NF-a), interleukin-1f (/L-1p), interleukin-2 (/L-2) and interleukin-6 (/L-6) in the brain tissues of AD
mice were analyzed by real-time quantitative PCR (qQRT-PCR). Through the TCM Systematic Pharmacology Data Analysis Platform
(TCMSP), the active ingredients of the herbal medicines Bupleuri Radix, Glycyrrhizae Radix et Rhizoma, Chuanxiong Rhizoma,
Angelicae Sinensis Radix, Atractylodis Macrocephalae Rhizoma, Poria and Uncariae Ramulus cum Uncis were screened, and the AD
targets were obtained by GeneCards and other databases, and the core targets were enriched by gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways. The biological processes (BP), molecular function (MF) and cellular
composition (CC) and KEGG signaling pathwayinvolved in the core targets were obtained, respectively. Mouse neuroblastoma
Neuro-2a cells and RAW264.7 macrophages were co-cultured with H,0, and hepatosuppress san (3 and 6 pg-mL™), respectively, to
observe the effects of Yigansan on the proliferation and apoptosis of Neuro-2a cells in vitro, and the activity of Caspase-3 and
Caspase-8, reactive oxygen species (ROS), glutathione (GSH), malondialdehyde (MDA), effects on superoxide dismutase (SOD)
and mitochondrial membrane potential (MMP). The effects of Yigansan on the expression of TNF-a, IL-1B, IL-2 and IL-6 in
RAW264.7 cells were observed, and the network pharmacology results were verified. Results A total of 159 active ingredients were
screened for the treatment of AD by network pharmacology technology, and the top 10 compounds were quercetin, kaempferol,
isorhamnetin, [ -sitosterol, stigmasterol, 7-methoxyisoflavone, mangopertin, naringenin, meditalpin, and licochalcone A, and 227
core targets were screened, and the top 10 core targets were serine/threonine kinase 1 (AKT1), tumor necrosis factor (TNF),
interleukin 6 (IL6), tumor protein P53 (TP53), interleukin 1B (IL1B), estrogen receptor 1 (ESR), proto-oncogene (JUN),
prostaglandin-endoperoxide synthase 2 (PTGS), caspase 3 (CASP3), signal transducer and activator of transcription 3 (STAT3).
Bioinformatics analysis showed that the treatment of AD was related to glycosylation end products/glycation end product receptors
and lipid and atherosclerosis signaling pathways. The results of animal experiments showed that Yigansan could improve the
impairment of learning and memory function in AD model mice, and down-regulate the mRNA expression of IL-1f, IL-2, IL-6 and
INF-a in the brain tissues of AD mice. The results of cellular experiments showed that Yigansan significantly alleviated the
proliferation inhibitory and apoptosis-inducing effects of H,0,on Neuro-2a cells (P < 0.05), decreased the activities of Caspase-3
and Caspase-8 (P < 0.05), lowered the levels of cellular MDA and ROS (P < 0.05), and elevated the levels of MMP as well as GSH.
Yigansan significantly suppressed the H,O,-induced elevation of TNF-a and IL-1pB, IL-2 and IL-6 in RAW264.7 cells (P < 0.05).
Conclusion Yigansan exerts therapeutic effects on AD by alleviating learning memory impairment and oxidative damage.

Key words: Yigansan; Alzheimer's disease; network pharmacology; oxidative damage; inflammatory factors
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K2 HIBTELRT AD BEUNR ST IZ BB (xts, n=12)

Table 2 Effect of Yigansan on learning and memory function in AD mice (xts,n=12)
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Fig.1 Medicinal materials-component network of Yigansan
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Fig.2 PPI network of targets of Yigansan in treatment of AD
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Table 3 Intersection target of Yigansan and AD (top 10 in degree)

by AR Uniprot ID JEAE
AKTI1 Serine/Threonine Kinase 1 P31749 147
TNF Tumor Necrosis Factor P01375 138
IL6 Interleukin 6 P05231 138
TP53 Tumor Protein p53 P04637 131
IL1B Interleukin 1, beta P01584 129
ESR1 Estrogen Receptor 1 P03372 127
JUN Proto-oncogene c-Jun P05412 123
PTGS2 Prostaglandin-Endoperoxide Synthase 2 P35354 123
CASP3 Caspase 3 P42574 123
STAT3 Signal Transducer and Activator of Transcription 3 P40763 121
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Table 4 Top 10 compounds in Yigansan of degree of interaction with targets

Mol %t 5 & FEfE CAS 9 244
MOL000098 #it Bz % (quercetin) 280 117-39-5 T H
MOL000422 1l Z5 [} (kaempferol) 161 520-18-3 LI SR H
MOL000354 5 2 2 (isorhamnetin) 61 480-19-3 L H
MOL000358 B-74 &4 i ( B-sitosterol) 60 83-46-5 L
MOL000449 7 8§ B (stigmasterol) 48 83-48-7 ES N E
MOL003896 7-H 45 ik 85 7 (7-methoxyisoflavone) 43 1621-56-3 HE
MOL000392 T i 1¢ & (formononetin) 39 485-72-3 HH
MOL004328 Hli J % (naringenin) 37 480-41-1 i
MOL002565 23t 218 % (medicarpin) 34 32383-76-9 HE
MOL000497 H 57 SR A (licochalcone A) 32 58749-22-7 HEE
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P (RNA polymerase 11 transcription factor activity)
5. KEGG i w4 70 # J6 45 21 181 5@ i (P<
0.05 , W & Jig B 5 3 Bk ok & i {b (lipid and
atherosclerosis) « J & {1, 2 K 7™ W) /4 H Al 2R 7= 1)
%2 & (AGE-RAGE signaling pathway in diabetic
complications) A Jit 1& BY ) N /1 5 3y ik 5 ¥ A
k. (fluid shear stress and atherosclerosis) %% 15 5 i#
B 4), RS fmiE T AR AR 8L UL & AGE-
RAGE {5 5 38 B 15 3 (10 4 M0 8 T S SRE S B2 CLARIE
K[ AD R AR R E YIM K . GO M1 KEGG 73 #T &
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Fig. 4 Analysis of GO (A-BP, B-CC, C-MF) and KEGG pathway (D) of therapeutics target of Yigansan in treatment of AD

%5 HMBTELRT Neuro-2a 4 B M SEF0E T B9 B2 08 (wats , n=3)

Table 5 Effect of Yigansan on proliferation and apoptosis of Neuro-2a cells (xts,n=3)

Caspase-3 i 1k Caspase-8 i Ik

" — - . N
R FER ¥/ (ug-mL 1) S AE X3 7 TR /% I 235 IR 2
X 1 — 1.00+0.21 4.0+1.6 1.00+0.26 1.00+0.21
Y — 0.56+0.10" 25.449.5° 2.69+0.86 3.31+1.10°

- 3 0.65+0.07 18.742.4° 1.63+0.25° 2.5140.59°

6 0.86+0.11* 9.2+1.97 1.28+0.07" 1.42+0.25"

5 R LLEL:"P<<0.05; SRR L - 'P<<0.05.
P <0.05 vs control group; “P < 0.05 vs model group.
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FiE(P<<0.05), Fii MMP.GSH £1 SOD 7K - (P<
0.05) , - B3R 5 35 2% i 4 i S AL 352455 LA S MMIP
ROS.GSH #l MDA & % (P<<0.05), .3 6, F Bl

JF HC AT B 8 i 2% i 1 28 0 2ok AR 2R BE A AL $45
VBT ADo

3.3.3  HIATHOG RAW264.7 B4 i 40 R 1 R 54
18 W H,0, /] 5 F /) i RAW264.7 B W& 41 Jd

W, WK 7.

3.3.4  HIFHON AD R /N B A 215 E T 1
FR FREP M qRT-PCR 3L 56 K L, D-F F,
P55 T/ B 0 AD SECIR S5, 2 24 TNF-o 11
IL-1B. IL-2+ IL-6 mRNA £ & & #F L ] (P<
0.05) , I HT B 6 97 J5 AD /N B 20 23 3k 48 g
A ¥ mRNA £ ik F il (P<0.05), L.3& 8, K

TR AT RE JE I 22 R AORE I N R 4E R JT AD
TEH

TNF-a #IL-1B.IL-2.1L-6 ik F i (P<0.05), #IJH
HCRT A RAW264.7 48 i b Fadk 498 0 PR - K

%6 HNBTEIT Neuro-2a 40 B MMP F & 44 35245 B9 B2 (s, n=3)

Table 6 Effect of Yigansan on mitochondrial membrane potential and oxidation-injury in Neuro-2a cells (x+s,n=3)

MMP ROS

i BRI /(pg'mL ) A CHIAHED GSH/(mg'g ") SOD/(U'mg ') MDA/(nmol-mg ")
it R — 1.00+0.23 1.00+0.13 0.97+0.22 18.30+4.25 2.44%0.77
7 — 0.56+0.08" 2.83+0.42" 0.47+0.09° 8.67+3.00" 5.34+1.07°
0T H 3 0.68+0.15 2.18+0.41° 0.72+0.13 10.87+2.51 5.04+0.43"
6 0.78+0.11" 1.77+0.24" 0.76+0.09" 13.73+2.10 2.83+0.90"

5 AL AL "P<<0.05 ;s SRR LA "P<<0.05.
"P < 0.05 vs control group; “P < 0.05 vs model group.

F7 HBTET RAW264.7 B A e B F 3R A B R0 (ks , n=3)
Table 7 Effect of Yigansan on cytokine expression in RAW264.7 cells (x%s,n=3)

e FEWKE/(ug-mL D IL-1p/(ng- L™ IL-2/(ng- L™ IL-6/(ng-L™") TNF-a/(ng-L™")
pagict — 47.0+8.2 47.7£17.0 17.3+3.2 713.3£120.1
7Y — 77.7+12.1° 83.7+4.9" 33.0£4.4" 1 446.7£210.3"
L 3 55.3+6.5" 58.0+8.5% 23.7+4.9 1 243.3+£365.0
6 49.0+7.5° 55.3+7.1" 18.0+3.0" 760.0+205.2"

5 AL AL "P<<0.05; SR AL LA "P<<0.05.
"P < 0.05 vs control group; “P < 0.05 vs model group.

=8 HIBFERT AD /R ANA L K 5EE F mRNA Fik B0 (xks, n=12)

Table 8 Effect of Yigansan on mRNA expression of cytokine in brain tissue of AD mice (xts,n=12)

aH - Rmeke ) mRNA fA AR
IL-18 IL-2 IL-6 TNF-a
oyl — 1.00+0.21 1.00£0.17 1.00£0.10 1.00+0.12
LAY — 3.31+0.34" 3.56+0.69" 2.87+0.19" 3.34+0.82"
AT 400 2.08+0.21° 1.86+0.64" 1.86+0.19" 2.53+0.60"
800 1.80+0.25™ 1.58+0.46" 1.49+0.23" 1.85+0.17"

5% B AL LB - "P<<0.05: S AL AL UL - "P<<0.05.
P <0.05 vs control group; “P < 0.05 vs model group.

4 g QLo R TSR AR S R AT

AD f&— M 22 RGURAT TSN I IZFEAG 2k
RT3 45 2 2 B PR AE . P2
AR ER 8 B AT 55 0 2R AE AH DU PR 2R B AG F) AC 38

ADJER . T I E S T LA AD HS5MEAR L AE
AR R, AT SO KR BB 5
S L 0T BB T 50 AD /b R ST
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ReJ1, 300F T FiR4ie.

A T8 L W) 2% 24 B 2 5 v $00 Bk AT 0
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B 10 A7 1 %8 55 43 % 4 AKT1. TNF. IL6. TP53.
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i 1 0 55 £ R 4 i KT 5 R T, 3k — 28 0T 9 N
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QX R R T 7 A 2 T AR A, AT VR 9T R AR 2R B
2 S8 R B, A0 HRCAT 22 A HLO, U5 5 /N R AP 2
RE 24 16 2 40 PR 164 B4 ) B R T, R R D B R A
TNF-o S5 40 [R 7 K , TESE 7 H0 BT 50 25 2 B 2
SIHT Y IR T .

Ao 2 24 25 6L 51 2 ROS 2k Tt vy CHP 48 4k
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WO BOE 20 IS, 51 kS 28 0 248 i £ 92 Vi AN 8 RE A
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ik DNA 4545 i pS3 ZE R S M & a i . B,
i AL DR IR T AD FI %8 . AT 7 L 4%
24 38 2 Jy VI B SR B R AL ET 10 A2 Bk
SR /pagiibsa 0 SNIEN N 3T SN A S N
S L 7-H A R B T A A R M B R SR
FAH B A RE A, X 5 1 2 B A PSR LA
VA S SR R IE I IR 2 R ) AR A
A5 LR fR A & e A

N IR SI R 24 2 B 2 PN 25 L, AT 5T i
AT # A1 H,0, 5 Neuro-2a 4i i 34 85 5% (1) 77 30 % 52
BSOS BB A S R LA H50RT 2% % 1,0,
75 F 40 ROS 7% &, 118 GSH A1 SOD 7K~
LKtk SMAE g R AEEVKR,
MMP T [ J& 28 RiL Ak 2K Be (1) 8 2 4R g 0e), At
FC R B AN AT AT 22 @ 1,0, iE B MMP R [,
DA I /2 78 22 fif 42 R A % BE 1 02 1 #iUVG 97 AD
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