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Mechanism of Sijunzi Decoction in treatment of Alzheimer’s disease based on
UPLC-Q-TOF-MS, network pharmacology, and experimental verification
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[ Abstract] The study identified the blood-entering components of Sijunzi Decoction after gavage administration in rats by UPLC-Q-
TOF-MS/MS, and investigated the mechanism of Sijunzi Decoction in treating Alzheimer’s disease by virtue of network pharmacology,

molecular docking, and experimental verification. The blood-entering components of Sijunzi Decoction were identified based on the
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mass spectra and data from literature and databases. The potential targets of the above-mentioned blood-entering components in the
treatment of Alzheimer’s disease were searched against PharmMapper, OMIM, DisGeNET, GeneCards, and TTD. Next, STRING was
employed to establish a protein-protein interaction ( PPI) network. DAVID was used to perform the Gene Ontology (GO) annotation
and the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment. Cytoscape 3. 9. 0 was used to carry out visual analy-
sis. AutoDock Vina and PyMOL were used for molecular docking of the blood-entering components with the potential targets. Finally,
the phosphatidylinositol 3-kinase ( PI3K)/protein kinase B ( Akt) signaling pathway enriched by the KEGG analysis was selected for
validation by animal experiments. The results showed that 17 blood-entering components were detected in the serum samples after ad-
ministration. Among them, poricoic acid B, liquiritigenin, atractylenolide II , atractylenolide Il , ginsenoside Rb,, and glycyrrhizic
acid were the key components of Sijunzi Decoction in treating Alzheimer’s disease. HSP9OAA1, PPARA, SRC, AR, and ESRI were
the main targets for Sijunzi Decoction to treat Alzheimer’s disease. Molecular docking showed that the components bound well with the
targets. Therefore, we hypothesized that the mechanism of Sijunzi Decoction in treating Alzheimer’s disease may be associated with the
PI3K/Akt, cancer treatment, and mitogen-activated protein kinase ( MAPK) signaling pathways. The results of animal experiments
showed that Sijunzi Decoction significantly attenuated the neuronal damage in the hippocampal dentate gyrus area, increased the neu-
rons, and raised the ratios of p-Akt/Akt and p-PI3K/PI3K in the hippocampus of mice. In conclusion, Sijunzi Decoction may treat
Alzheimer’s disease by activating the PI3K/Akt signaling pathway. The findings of this study provide a reference for further studies

about the mechanism of action and clinical application of Sijunzi Decoction.
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Fig. 1 Total ion chromatograms of the serum containing drug (A), blank serum (B), and standards (C) in positive and negative ion

modes
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Table 1  Characteristics information of UPLC-Q-TOF-MS of constitutes in the serum containing drug

Yo N MM bR i5'<9“?;6 BT MS/MS &Y
/min m/z m/z /%10

1 12340 C3HyOs  500.350  500.349 -1.368 [M-H]~ 391.285 8 25-Fp A3 - KA T HEIR

2 17680 CisHy0, 232146 232147 1.980 [M+H]* 161.062 2,159. 116 3,133.101 3,105.068 5 (ANEST"

3 14.730 C;sHyO5 248141 248,143 5.760 [M+H]*,[M+Na]* 105.0703 HARMEET"
248.141 -2.529 [M-H]~ 154. 065 5

4 15.941 CyHu05 484319  484.319 -0.223 [M-H]~ 409.2741,211. 149 2 PREHR B

5 17.247 C3HuOs  498.335  498.334 -0.490 [M-H]~ 423.289 1,277.217 2 PEHER T

6 16.070 CpH,0 382142 382,142 -0.160 [M+H]*,[M+Na]* 283.0615,163.042 5 A
382,141 -0.456 [M-H]~ 366. 110 9,351. 087 2,279. 030 2,174. 033 1

7 5870 CisHpO, 256,074 256.076  7.770 [M+H]* 137.023 6,123. 044 3,121. 065 2 HEXR

8  8.430 CyuHgp0y  822.404  822.407  4.280 [M+H]* 471.351 3,407.335 1,189. 164 2 Hiom"
822.403 -1.317 [M-H]~ 645. 362 1,369. 226 6,351. 055 0

9 11510 CiHy0,  268.074  268.075  3.760 [M+H]*,[M+Na]® 161.063 2 TR ER
268.074 -0.095 [M-H]~ 251.079 2,121.029 5

10 18.147 CyHu0,  484.355  484.354 -2.123 [M-H]~ 437.340 6,393.277 7,311. 168 3 AR

11 11.200 CsqHgy0p; 1108.603 1108.605  2.060 [M+Nal* 425.383 7,325. 117 5,163. 061 6 ABEA Rb,"
1108.601 -2.004 [M-H]~ 945.541 9,783. 489 7,323. 098 6

12 11.550 Cs3HgOp 1078.592  1078.594  1.150 [M+Na]® 629.356 7,504.293 8,326. 176 4,287.153 5 ABBH Re
1078.590 -2.051 [M-H]" 945.540 7,783. 488 8,621. 435 7

13 12787 CiHgOig  946.550  946.549 -1.012 [M-H]~ 783.489 9,621. 437 0,459. 383 8 AB B Rd

14 12.800 CuHgOpp  946.550  946.554  3.490 [M+Na]® 299.139 6 ANBZHF Re

15 18.971 CyHs0,  486.371  486.370 -1.504 [M-H]~ 423.324 8,221.189 7 LR

16 5.847 CpeHs013  550.169  550.168 -0.398 [M-H]~ 417.119 0,255. 066 8 SRR

17 5.879 CyHpu00 418126 418.126 -0.220 [M-H]~ 255.066 8,150. 032 5,135. 008 9 S

ey D g R L X

B2 PR 1 A LSS -5 B 2R R R 5 L
Fig.2  Venn diagram of the common targets shared by the
blood-entering components of Sijunzi Decoction and Alzheimer’s

disease

3.2.4 GO Ml KEGG & &4 B ik () S8 4L 40
JUE DAVID %8 % hifE 1T GO Fil KEGG & HE 4347,
PL P<0. 01 Ak 5544, 2Lk ) 379 46 H  Hr
W5k 72 (biological process, BP) 25 H 255 />, £ &
R 25 W ) R R MAPK 2% 356 149 1 [ 9 5 %
MAP P4 M 09 1 ) 081 AR T A R AL | R E

K3 PUE 0T BRSO R OCHE KU PPT 2%
Fig. 3 PPI network of the relevant targets of Sijunzi Decoction

in the treatment of Alzheimer’s disease

SN A5 4 RY ( cellular component, CC) 4%
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Table 2 Information of the 27 core targets of Sijunzi Decoction

No. A ] JEAH UniProt 1D
1 heat shock protein 90 alpha family class A member 1 HSP90AA1 34 P53041
2 peroxisome proliferator activated receptor alpha PPARA 32 Q07869
3 proto-oncogene tyrosine-protein kinase sre SRC 29 P12931
4 androgen receptor AR 28 P10275
5 estrogen receptor 1 ESR1 28 P03372
6 mitogen-activated protein kinase 14 MAPK14 28 Q16539
7 mitogen-activated protein kinase 1 MAPK1 24 P28482
8 epidermal growth factor receptor Erbb1 EGFR 23 P00533
9 progesterone receptor PGR 23 P06401
10 tumor necrosis factor TNF 21 P01375
11 estrogen receptor 2 ESR2 18 092731
12 mitogen-activated protein kinase 8 MAPKS8 18 P45983
13 peroxisome proliferator-activated receptor gamma PPARG 17 P37231
14 albumin ALB 17 P02768
15 peroxisome proliferator-activated receptor delta PPARD 16 Q03181
16 prothrombin F2 15 P00734
17 72 kDa type IV collagenase MMP2 14 P08253
18 oxysterols receptor LXR-beta NR1H2 14 P55055
19 vitamin D3 receptor VDR 13 P11473
20 steroid hormone receptor ERR1 ESRRA 12 P11474
21 prostaglandin G/H synthase 1 PTGS1 12 P23219
22 nuclear receptor ROR-alpha RORA 12 P35398
23 steroid hormone receptor ERR2 ESRRB 12 095718
24 glycogen synthase kinase-3 beta GSK3B 11 P49841
25 cyclin-dependent kinase 2 CDK2 10 P24941
26 insulin-like growth factor 1 receptor IGFIR 10 P08069
27 aromatase CYPI9A1 9 P11511

H 54 A, 2V BRI 53 fl i B 1) S AAR 2 B 4
YA A | A A 5 43T DI B (molecular function,
MF) % H 70 4>, R 280 Rl 25 | 5 I 52 I 28 11
AR ITE P B I 2R BTE I ATP 255 45
XHHEZ SERT 945 10 4 BP . CC MF 4 H 2 4%
Kl UL 4, KEGG 38 i 5 4R /A LA 133 S5 i
FEHEZ FERT Y 20 2538 AT < B B 7R, LIS,
XSO O SR IR A AT T O AR - A2 AR () A B
YEH \MAPK {55 1% 53 [# | PI3K/ Akt {5 5 1% T
% BRI R PR B AE . Forf, PIBK/ Akt {5 5l i AE
AD By EA KR h iR EZAE ], PI3K/ Akt {5 538 %
TS G B R U RS 5 ok A T e R AR
O SCHRIRAE &I, DR 37 T s PI3K/ Akt {55
% I8 3 O AL R UE R B2 2T I L R T A BT
LA RHREE SN

3.2.5 “TERMER-HLSGEEKT M E IR
TAHIRIT AD “ T M R o0 -3 B 2% WLIEL 6,
{8 Network Analyzer 1 {4 #4753 B, 1% W 2% St A7
64 A7 (CBLFE 17 S AAr, 27 A% AT 20 2%
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W) 1279 ki, BEAE R UL AR E Y S 2 FE
FEA W25 R IR R, B (R R B 4y
FIRZE R B HEAE ARSHIR P HRER LA
TEER R ANER TS H Rb, H#EW S VDA +
i EE2508 5y . HSP9OAAT PPARA SRC (AR,
ESR1 NVUE FI6I7 AD By 280 5 3l By T
T4 Fh AR SR RE 1 B R Ak 2 B0 -2 AR BT AR 5
% MAPK {55 f& 3 % . PI3K/Akt {5 5 1%
it
3.3 S FRHERAE

TR 2020 AF R E 245 ) OB E R AR R
3 LA < 5 - -3 B T 45 TR HE 4L SE TR AL
EYE A 45 2550 3E-3- 2 10 - L A R R
ZEHR B AR R FOH B A H R R RN
I HARMNED AZREH Rb, ASEF Rd, HE
Jiz , L) HSP90OAA1 , PPARA .SRC. AR ESR1 K=Z 1Kk
HATE ARSI , AL &1 5 1 O S 5 X
A5 G ReTT o L ER 3, EE 45 AR/ T 0 Ui 41
Z A A1, /NF-5.0 keal - mol ™' U BH 43T
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BP. EWpid e s CC. 44l 53 ; MF. 43T 2ifig,
Kl 4 BOo# S GO IREabr

Fig. 4 GO functional analysis of the core targets

B 5 O AY KEGG il Bg & 400

Fig. 5 KEGG pathway enrichment analysis of the core targets

Z A BRI EE &1 M, B e a4 & e 1
SRR U T AL A O R S 2 A g
¥ < -5 keal - mol ™ , 0L RSy R S B A Y
AR, VAT 10 A A AL 53 2 OB F iR T
AD BRSNS . AT S U X R A

B ILIE 7,
3.4 /NS HRARIEIXTEA

525 FVAUA L, AR 2 /)N BRI T g fR: e 40 i
Civ Rl SO E IS R U EZbved 1] [TEA T i i
RAIHESVECEL , 4 A 48 B A4 P Je /MR b ; S5 R
2 AL, BEMEZG AL DL U Ak b s R Al
20 B R0 D A 30 A | o 2 0 A TR S )
B AR 23 A A, 2R T A I HE AT 8RR
P, UL 8,
3.5 Western blot %zl

A KEGG 38 #% 45 R, ¥ £ PI3K/ Akt {5538
PEEE A EATIRUE 25 R UL 9, 528 (T4l AH b, B
4 p-PI3K/PI3K , p-Akt/Akt F{H i # A% (P <
0.01) ; SERI A L, BHMEZ5 AL L) B U T
F A 4 p-PI3BK/PI3K | p-Akt/Akt [U{H W& T+
(P<0.05 5% P<0.01)
4 e

ARWFFE T FE X5 25 07 BT AL, 45 5 25 i
FEPE R B 25 5, HeBR T R ) 45 25 39 i (I IR 45
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K6 IR -4 R a1 2%

Fig. 6 " Active component-target-pathway" network

R3OREEY SO R TR G RE

Table 3  Binding energy of the molecular docking between key compounds and core targets kcal + mol ™!

et} HSP90AA1 PPARA SRC AR ESR1

REHiz B -7.0 -6.8 -6.6 -8.2 -7.3
A -5.9 -6.4 -6.1 -7.5 -8.0
W ¥ -7.2 -5.7 -6.5 -7.4 -6.9
HF%E -6.5 -8.9 -7.9 -7.6 -8.3
25-FR5E-3- 22 - KA LR -7.2 -6.6 -6.4 -8.4 -7.2
FARPIEE 1T -6.3 -6.9 -6.9 -7.2 -7.4
RN -6.3 -8.5 -7.3 -7.1 -7.0
ANZBAT Rb, -7.5 -6.6 -6.7 -7.3 -7.6
AS BT Rd -7.2 -7.2 -7.5 -8.6 -7.6
HERR -8.4 -8.3 -8.4 -9.5 -8.3

W ERNTTF Y R ORI, EE
K7 iR S AR R 2T X

Fig. 7 Molecular docking pattern of active components to core targets
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AL 25 4L BRI C. FHPEZG4L; D. DUE T ARH 841, E. R T4l F WA FasFlEg (Ko FH) .
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Fig. 8 Effect of Sijunzi Decoction on the neurons in dentate gyrus of APP/PS1 mice (Nissl staining)

Has HHM Y P<0. 01; SHBIZHAH L * P<0. 05, ** P<0.01,

K9 PUE-FH* APP/PS1 /MRS o PI3K  p-PI3K Akt Fil p-Akt 85 H RS2 (x£5, n=5)
Fig. 9  Effect of Sijunzi Decoction on the expression of PI3K, p-PI3K, Akt, and p-Akt proteins in the hippocampus of APP/PS1 mice

(xxs, n=5)

BOGRHEEY 2.5 .5 10 [R5 20 ) , RIS 25 0] it ZEAIX
TGRS 25702 10 f5EF, A A8 b, s
5 QSN VIR (A N N O e 2 ~ S N T
SR MBS [RDX A I AR A3 5, 45 24 )5 0.5.1.1.5.2,
2.5 hiX 5 /NEF] s AT 1 UM R 2558 R AR
24 1.5 h EEM WA MR e Hgaim, H
W, 5T AN R I AL B 7 3% AL B 5, 43
ST B A B TUVE T, K I R BT v b PG
N R AT BB B A, NI R 4y 44 T
Pea /b | B 2 B FH BEOE TS H I
UPLC-Q-TOF-MS A7 43 Hr i B PR | 4 5 14 |
R R R R AR T i N AR AR R A AT 4
R, OO S RN A3 B 2 I3 24 W Ak A ) i
Dkt S I 5 R R X DU A I A
ST TS RE , 4 25 0 X HL A BT S LA B 2
MIEARE] 17 AT, 638 2 DS EESE 10 =
s 5 A EER G Y, B A 7R VYR T
IBIT AD PRHE TR EEMEN, H R E S
B AL A P B AR TRy R R B,
O F LA P R 2 5 T YEME BTh 2 AORE L T
AB I AEBE A BUIAE T, A o0 10 12 6 Fa 1 T

FUS =SS RS B B A I A
B, NI 7E AD K EBUIAN LREERT . A8
T Rb, AT LABRCAS 38 B A HiT 45 26 11 (amyloid precursor
protein , APP) F3E M3 REAE N AR E Ry R ad R2 20, L 5]
TR ok# AESE AD B\ A B A AR 5 R mT L
TR ATV VR R SR TN OV ES R TR NIE|
W A HSTR M e s R,
HRERREA I8P R Fra e gkl
R My O SRR, AN, R PR X 45
BRI 2 oe T BA T RIVE T fets W2
Uz AD KR 2 fic iz ™, AR ¥#H
Rb, " H F RV A A AR PR T AT s
PI3K/ Akt {5538 % , i 36 H Ok 2 — % (MGO) 5 5
(%) SH-SYS5'Y 24 A 1 1l 375 i 2 ) <5 5 S ) PC12 4
it S A 7 RN S (AR 1 T 1 40 B T DR S e
BRI D oot s 259 ias K
Oy TR R R AR HIR B H AR 2k B
BRF HEZRZ ARNEET ARNEN, ASBH
Rb, AZRBH R H RGN IUE FHHL AD 1)
ST A

AT L 2 B AR B T 27 AL A,
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HSP9OAA1 PPARA SRC AR .ESRI &1 kZ 5%
iE AT ARG, H i AR 5L 11 90 (heat shock protein
90, HSP9O) 2 410 Afd A — i 35 3 A7 7 1Y A e B2 1
(AR 15T, HSPOOAA T 2 H v 17 53 N 175 = DI e 1)
ERA3 . HSPOO 3 ask 411 1] it 28 4 E 11 2 9 P () o 1
WM R AR IR T R MR T H A
PERR A 4 28 1 40 0 P 3005 00 18] T PI3K/ Akt
A IR AR Y AT LA BN AN M X AB 1Y)
TR FIREAR , V5 AD 1 p-tau BORRE PEFINHES
PPARA 76 AD K A 235 3 FRAR ), BFge &
B, PPARA $8sh30 ] i /b i T (A 7 2 o B S B e
A BEHURL, DDl 28 G RE | ATV 2 /I S5 200
FIURIE S TR A A A0 36 7 58 AB 35 I S I 3
AD /INEICAZ I B R4 IR Y L MR A2k 1
(estrogen receptor, ESR1) JE M —Ffl (E,) AY FEZ K
Z— HAARS R EF H LM AD BN TI6E
MPER . ESR1 2 5 MM i &2 9 E L, It
WG PI3K/ Akt S5 55l . e A
B CA1 XA 28 BRAICHRE | 81795 2 fi vl S8 1, B0 A
A 22 0AE T, BH 1R A5 2R %y P 7 P 5 0k
Pz ) S X DU 9 A I AR AT
W 2% 24 B 27 A3 R B, KEGG & £ 0 B 5
PI3K/ Akt {55 i % . MAPK {5 53 % . AGE-RAGE
FSIE R UM OC, PI3K/ Akt {5 5 5 41 il
TEIE A SR T 45 B BTG sl DA G FE i 2
RAE PR OCHEAE ., A, AR TE B A 2 0 il
PI3K/ Akt &4, FE M 2 e T | PI3K/Akt f5
538 R T AR R R T GSK3 .mTORC1 il FOX
S IR A BIUTELS) 5 tau B It B BE R
FEIEAM ] NET B 8, 35 o 28 o0 28 fih ] 98
PEN T & 2 A A AR SR APP/PST
XU SR /N FROA RS R 3 2 PO IR 97, i 4
SUR RIS, UL R A% AD ANRUE A —
ERIRITER . R 74/ RIS p-PI3K
p-Akt 5 R IE W T i — 2 R UE 77 g
W PI3K/ Akt 5538 i & EIRTT AD BIFEHR]
2 B, A SC3EF UPLC-Q-TOF-MS 345 1Y
VU F- 1 A LRG3, I3 3 0 2 24 324 1 2B 3R 58 T
VU F7iRI7 AD AT RE R A/E 0 5 S A ik 42, 45
B SCES IR E , UE B DU 3% vl i fE 2F PI3K/
Akt {5538 B 0BG , T & FE /YT AD IFERT, h
NP IR 2 B T R AR A
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