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Analysis on chemical constituents in Ziziphi Spinosae Semen by UPLC-Q-
Exactive Focus-MS/MS and network pharmacology study on anti-Alzheimer's
disease mechanism
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Abstract: Objective To analyze the chemical components of Ziziphi Spinosae Semen (ZSS) by UPLC-Q-Exactive-Focus-MS/MS,
then predict the pharmacodynamic substance basis of treating Alzheimer's disease (AD) based on its chemical components, its main
active components obtained from TCMSP and HERB database, network pharmacology and molecular docking technology, checking
out the potential efficacy ingredients and mechanism of action. Methods UPLC-Q-Exactive-Focus-MS/MS was used to analyze the

chemical components of ZSS, which were scanned in positive and negative modes respectively. The chemical components was
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confirmed by matching the reference substance with the fragment ion information and retention time. The active ingredients and action
targets of ZSS were obtained through TCMSP databases and HERB databases, AD targets were obtained from GeneCards and OMIM
databases. The corresponding targets of the main ingredients of ZSS were intersected with the AD targets, and the protein-protein
interaction (PPI) network of the intersected genes was mapped with the help of STRING 11.5 platform and Cytoscape 3.7.2 software. The
analysis of gene ontology (GO) function and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis were
performed by the DVIAD 6.8 online database and visually presented through the platform of bioinformatics. Furthermore, molecular
docking technology was performed to validate the binding pattern and affinity between the key ingredients and the crucial targets by
using AutoDock Tools software. Results There were 40 chemical components analyzed by qualitative analysis of ZSS, including
three organic acids, 28 flavonoids, eight alkaloids, one saponin. Screening out five core components that play a therapeutic role in
AD, including coumestrol, oleic acid, kaempferol, coclaurine and zizyphusine, etc. The core targets of ZSS for treating AD include
JUN, AKT1, STAT3, MAPK 14, ESR1, IL16, etc. A total of 157 pathways were identified through KEGG pathway analysis, with PISK-
Akt, MAPK and HIF-1 response related signaling pathways ranking high. GO enrichment analysis yielded 336 entries for biological
processes (BP), 45 entries for cellular components (CC), and 42 entries for molecular functions (MF). The molecular docking results
showed that the binding energy between the key biotargets and the four potential active components were much less than =20.93 kJ-mol™.
Conclusion Based on the chemical components analyzed by UPLC-Q-Exactive-Focus-MS/MS combined with network pharmacology,
molecular dock, ZSS plays arole in anti-Alzheimer's disease through multi-components, multi-targets, and multi-pathways.

Key words: Ziziphi Spinosae Semen; UPLC-Q-Exactive-Focus-MS/MS; component analysis; network pharmacology; Alzheimer's

disease; coumestrol; kaempferol; coclaurine; zizyphusine
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F1 BECHUERSEELER
Table 1 Identification of chemical constituents of Ziziphi Spinosae Semen
I m/z iRZE/(X
N M mEmA TR T mfg MS/MS e
1 331 [M+HI]" CHNO, 370.1133  370.1127 -1.6  212.070 1.188.070 4. 3R-N-glc-3-hydroxy
146.059 8 indoleacetc acid""*
[M—H] C,H,NO, 368.0987  368.098 6 -0.3  176.071 4.158.060 9.
144.045 5
2 3.63 [M+H]" CHLNO, 370.1133  370.1127 -1.6  212.0702.188.070 2. 3S-1-N-p-D-glucopyranosyl-3-
146.059 8 hydroxy-indole-3-acetic
acid""*/3R-1-N-B-D-
glucopyranosyl-3-hydroxy-
indole-3-acetic acid"'"
3 3.63 [M+H]" CHLNO, 370.1133  370.1127 -1.6  212.0703.188.070 4.  3R-1-N-B-D-glucopyranosyl-
146.059 9 3-hydroxy-indole-3-acetic
acid"'/38-1-N-B-D-
glucopyranosyl-3-hydroxy-
indole-3-acetic acid"'*
4 571 [M—H] CH,NO; 352.1038  352.1038 0.0  188.0717.146.061 1  N-glc-indoleaceticacid"**’
5 761 [M—H] C;H.,O, 289.0718  289.0719 0.3  221.0820.203.071 6. LB R/ ILE KDY
109.029 5.97.029 6
6 9.67 [M+HI]" C;H,NO; 286.1438  286.1457 6.6 237.0912.209.097 1. o 2t
191.086 5.175.075 7+
143.049 7.107.049 4
7 10.16 [M+H]" C,H,NO, 3281543  328.1548 1.5 328.154 8.265.086 6. % H S 4R B R
237.090 0
8 1042 M'  CuH,NO,” 3421705  342.1699 -1.8  297.1117.282.088 3. SRR 2R R A
265.085 5.237.090 6.+
219.080 0.191.085 2.
179.084 7.165.070 4
9 1126 M'  CuH,NO," 3141756 3141750  -19  237.091 1.209.0959 A %%5 B b/5% 0o 24 kL)
10 12.67 [M+H]" C,H;O;5 5951658  595.1650 -1.3  559.142 3.457.119 4, HiP |
379.080 6.337.070 3.
325.069 7.295.059 9
11 1472 [M+H]" C,H;,0,, 6251763  625.1758 -0.8  463.1227.445.1125. M ik R EAL =
367.080 7.343.080 8.
313.070 1
12 15.14 [M+H]™ CuHs0, 947.2816  947.280 2 -1.5  327.0860.177.054 5 6"'-(4""-CO-%8] % ) - [ B Fik
Ho7 e v R
13 1552 [M+H]" Cu,H 0, 9212659  921.264 2 -1.8  429.1175.351.085 8.  6"'-(4""-O-% % ¥ )75 H it
327.0859.151.038 9 7 Rz s 2wt
14 1593 [M+H]" C,H, O, 595.1658  595.1650 -1.3  433.1125.337.070 2. 30K -2"-O-p-D- ML IR 46
283.060 3 D
15 1595 [M+H]" C,HyO, 433.1129  433.1124 -1.2 397.0923.337.070 0. Law i
313.070 3.295.060 1
283.059 8
16 1624 [M+H]" C,H,O,s 609.1814  609.1805 -1.5  447.127 8.429.117 6. iz i 20

351.085 8.327.085 9.
297.075 2.285.075 6
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31
RS L e MS/MS e
5 min S E SEPUAE 107
17 16.46 [M-+H]"™ C,H,0, 433.1129  433.1124 -1.2 397.0923.337.070 0. SR 2K
313.070 3.295.060 1.
283.059 8
18 16.74 [M+H]" C,H,0O,s 609.1814  609.1809 -0.8  447.127 8.327.085 9. ST R v R
297.075 2.285.075 6+
85.028 2
19 1727 [M+H]" C,H;0,, 7272080  727.2072 -1.1  287.054 6.129.054 4. 25 iF B
97.028 2.85.028 3.
71.049 1
20 17.60 [M+H]" C.H,NO, 282.1489  282.1484  -1.8  282.1119.250.879 7 2% g g
21 17.63 [M-+H]" C,H;0,¢ 7592131 7592123 -1.1  429.117 5.351.085 9. 6" B 7 15 T
327.0859.151.038 8
22 1790 [M+H]" Cu4Hy,0, 9612761  961.2749 1.2 393.096 9.351.085 5. 6", 6""-%F [l 2Lk 20 Kz v 12
327.0859.177.054 5
23 17.96 [M+H]" CyHy0,, 7292026  729.201 4 1.6 429.116 6.351.086 1. 6"~ F2 35 W Bl 0 Jz 7%
327.0859.297.075 1. Ol
121.028 3
24 1831 [M+HI]" CyHy0,;, 7412025  741.2015 -1.3  433.1124.337.069 7. R4 E-2"-0-(6-XEHE
313.070 1.283.058 1. T > - L P 4] 2 g
147.043 9
25 18.65 [M+H]"™ CyH,0, 8152393 8152384 -1.1  351.0853.327.0859. 6" FFF IR iR
297.076 0.207.065 0
26 18.94 [M-+H]" C4H,0,s 785.2287  785.2274 -1.7  351.0856.327.085 8. 6" P BRI 1z i A1)
297.075 0.177.054 4.
145.028 4
27 1894 [M+H]" CyHgO, 7852287 7852274  —1.7  665.1829.605.164 4.  6"-P-Fil BRFE 7 i v 2=
489.139 5.447.127 7.
429.117 2.351.085 8.
327.085 7.285.075 5.
177.054 4
28 19.06 [M+H]" C,H;0, 7552182 7552165 2.3 429.1174.351.0857.  6"-% & G B H G R
327.085 8.147.043 9
29 1924 [M+H]" C,Hy 0,5 5951658  595.1652 -1.0  449.108 6.287.054 6. 1L Zsy-3-O-Z= A pEE 10
85.028 3
30 1926 [M+HI]" C,H,0, 449.1078  449.1070 1.8 287.0547.145.049 5 LI Z5 W A pE AL PR T
31 1931 [M+H]" C,H;0, 8733176 8733165 -13  351.0858.327.0859. 6"~ ¥R I fe v
297.076 8
32 1971 [M+H]" C,HWNO, 9442819 944281 1 -0.8  764.2172.489.138 5. epi-6""-(N-B-D-
393.096 1.327.085 8.  glucopyranosyl>-2"",3"""-
297.074 1 dihydro-2""-0x0-3"""-yl-
acetate spinosint™*’
33 1987 [M+H]" C,H,O, 7852287 7852274  —1.7 447.1269.327.0859.  6"-Bil BLFk 5 407 i v =0

285.075 6.145.028 7
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IE3 m/z 7
N ETER TR T R e MS/MS e
34 19.94 [M+H]" CyHO0,, 7552182 7552165  —2.3  447.1275.429.1174. 6P ZRME M 7 i 2 L A
351.085 7.327.085 8. Bep=pyter]
285.076 3.147.043 9
35 19.97 [M+H]" C,Hu0, 8713019 8713015  -0.5  429.117 6.351.085 7.  6"'-(—)-phaseoylspinosin"’
327.0859.297.073 8
36 2497 [M—H] C,H,O,  933.2459  933.2465 0.6  577.1335.235.0593  6"-Fa B E-6""- 75 ik 10 iz v
%t:\[la]
37 3393 [M—HI C,H,Os 4853272 4853272 0.0  485.3277.423.3269 FEMNATER
38 3531 [M—H] Cy,Hi,0, 10435432 1043.5488 50  911.5067.749.453 3. R A B B
603.392 1
39 37.18 [M—H] C,H,Os 4853272 4853272 0.0 485327 7.423.326 9. EIP N vl
60.993 0
40 3939 [M—H] Cy,H,Os 4533374 4533395 4.6  255.2328.180.973 2 HEA TR R

* 2 %F HR i EL AR A
*Identified by comparison with the reference substance.

[M+H]" %% % 14 F CH, 0, & B A & T mkz
447127 8 [M+H—CH,,0,1" , ¥ J7 m/z 447.127 8
E K149 ¥ HO ¥ & m~z 429.117 6 [M+H—
H,O 1", B F m/z 429.117 6 % 5K 1 43 F C,H,O, i
J 8 ¥ m/z 351.085 8 [M+H—C,HO0, 1" ; & F m/z
447.127 8 £ K 1 4 T CH,0, J¥ il m/z 327.085 9
[M+H—CHO,]" . #E4 F & T m~z 609.180 5
[M+H]" B % 2 9 1 CH, O JEHHEH m/z 285.075 6
[M+H—CH,0,—CH,0,1". &5&%F IR &A%
SCHRIRTE™, S8 Wb SV R R = . B 16
(1) 2% Pl e T R I 2R AR A L I 2.

322 SZik A& 6 RIS (A4 9.67 min, 7E
EE TR, P4 miz 286.145 7 [M+H]1T — it
T B I, 242 Xealibar 4.0 AR L& H A T R0N
C H,NO,. ik rh, #E 7 5 T m/z 286.145 7
2t CID filf 18 38 i C1-Co 8 W7 22 T i m/z 107.049 4,
M T BT A R 2 1 20 F NH A 1487 H,0 4305l
A RHE F m/z 269.118 1 [M+H—NH, 1" RI#E H m/z
237.091 2 [M+H—H,01", # ;i m/z 237.091 2 4k &
FE R 14> F CO A HE A m/z 209.097 1 [M+H—
COJ". W F m/z269.118 1 ¥4k %K1 7T CH,O
14> ¥ CH,O 73 7 A& Bt F m/z 175.075 7 [M+H—
CH,O1" MIFEF m/z 143.049 7 [M+H—CH,0]", 45
A SCHERFOED M A S 6 N S 2. (a6
(1 — 2% Pl e ] R SR AR 44 DL I 3

323 BMRAELCEHB (L&YW KR AN
35.31 min, 7E 71 & T BT, 7242 m/z 1 043.543 2

[(M—H] —%HHES 7 5116, & Xcalibar 4.0 3K A4
HH TN C,H,0,,. #EDTFEFm/iz1043.5432
VB 1 5T AR (xyD 1 075 %) B (glu) o 143
TARRE (xyD , =AW BT m/z 911.506 7 [M—H—
C,H,0,]1.749.453 3 [M—H—C,H,,0,]1 .603.392 1
[M—H—CH0,] . & SCHRE " HEN AL &

38T HENIR - EH B. g & T RE R 2
wRE 4.

33 MEABZEERDH

3.3.1  Venny 7 Hr3tA 80 A0 dE I AT SCER L S iR

A 4 R TCMSP K Herb 153 51 204~ 44 Ff 5 4 i
43 (R 2), ¥t — @it UniProt (https : /www.uniprot.
org/) Herb ##8 8 55 Jf B2 IE 43 21 1 544 450 5.
PL “Alzheimer” s disease, AD” &y 3% & A J# i
GeneCards %4/ £ \OMIM %45 2 48 % 5 AD AH ¢
AR FHRE 55, & 9 2/ B e 1 45 51 5 1IN =5 43 T
JR 33 598 ML i SR H] Venny2.1.0 £ 41 5 4
I8 RS BIR R R BOE B SR S AR A 1124 A
R HAZIRTT AD [PV ERE S 5D

3.3.2  Z-plor-HE A ML PR AR AN S A A
F Cytoscape 3.7.2 5t , i 112 A A8 B2 A 5 SR BL 1)
B3 N I A, o3 A B0 IE o AT RT AL, 15 3
P4 BB 6) o M 2% 3K R 157 4S5 111400 2638
IR . K 5 N Cytoscape 3.7.2 8 A4 A 1) # 4w F1) FH
NetworkAnalyzer 1. F W %% ¥ b 4 #r , 0 1% B
{8 (degree) HE 44 FE /I 1 B0 A NAZ O iE L, B
5 HLME N BiE (coumestrol) < i g (oleic acid) « Ll 25
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Fig.2 Secondary mass spectra and cleavage pathway of spinosin
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106 4, H 45 366 %64k . HUEH K/NHEA T 10 4
FE %0 S B, IR AR 48 BB R/, HOHE 42 T
10 il /E 26 T2 B CE 7). 1 JUN S 55 R (JUND
22 IR R IR B (W (AKTD 5 5 5 5 M 5%
B T 3 (STAT3) 4 %4 J7 ¥0i% & A 3 i
14(MAPK 14) A4 1 4 67 R 55, 31X 4 88 RUR R
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Fig.3 Secondary mass spectra and cleavage pathway of coclaurine
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Fig. 4 Secondary mass spectra and cleavage pathway of jujuboside B
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Table 2 Information of active components from Ziziphi Spinosae Semen
A T T A 44 FR YELATR 3+ CAS & FEAE

1 UL P4 T coumestrol C,sH 05 479-13-0 49
2 TR oleic acid CysH,,0, 112-80-1 29
3 11 2215 kaempferol CsH,,04 520-18-3 24
4 5250 coclaurine C,,H,,NO; 486-39-5 22
5 TR 2T zizyphusine CyH,NO, 107446-79-7 21
6 4iEEKC L-ascorbic acid CeH,Oq 50-81-7 20
7 = rutin CyH30 4 153-18-4 19
8 N-FF 2 T N-methylasimilobine CH,NO, 6545-25-1 18
9 FEUR R oleanolic acid C4H,O, 28283-45-6 17
10 ff H-B nuciferine C,H, NO, 475-83-2 17
11 B-#HE NE B-carotene C.oHse 7235-40-7 15
12 JE A7 I nornuciferine CsH,,NO, 54750-04-8 13
13 FRAFIR palmitic acid C,H,0, 1957/10/3 13
14 LR catechin C,sH,,04 154-23-4 12
15 FER ferrostatin-1 C,sH,,N,0, 347174-05-4 9
16 SRVH S campesterol CyH,,O 474-62-4 9
17 g7 ¥y ferulic acid C,,H,,0, 1135-24-6 8
18 W 32 IH A lysicamine C,H,;NO, 15444-20-9 8
19 TR R zivulgarin CosHp,O 5 108657-24-5 7
20 1M I T betulin C3H;,0, 473-98-3 6
21 6-O-E- B BRIk 5 1 Bl 6-0-E-Feruloylajugol CysH,,0,, — 5
22 Ir T BE sinapyl alcohol C,H,,0, 537-33-7 5
23 B AR il isovitexin C,Hy0, 29702-25-8 5
24 AR gulutamine C,H,,N,0, — 5
25 TR A, G2 sanjoinenine G2 C4H,,N, 05 107494-21-3 4
26 2 A~ 5% B sanjoinine B C3H,N,0, 107462-33-9 4
27 A N daucosterol CysHy O, 474-58-8 3
28 FAL IR mairin CyH.,50; 472-15-1 3
29 A phytosterol CyH,50 83-48-7 3
30 HUHER swertisin C,H,0,, 6991/10/2 3
31 A3 475 sylvestrene CioHys 38738-60-2 3
32 SR trochol CyHy,0, 473-98-3 3
33 di-nuciferine — C,,H,NO, 5868-18-8 3
34 FYHT IR alphitolic acid C3H,40, 19533-92-7 2
35 EPAY ceanothic acid C3oH,0; 21302-79-4 2
36 [P =T jujubogenin CyH,50, 54815-36-0 2
37 TRAA- A jujuboside A CssHy, 054 55466-04-1 2
38 AR B jujuboside B C5,Hy,0,, 55466-05-2 2
39 PRI M 7 cyclic adenosine 3', 5'-monophosphate CHN;sO4P 114697-05-1 2
40 TR AW F sanjoinine F C,;,H,,N,O5 107462-35-1 1
41 TRA - G1 sanjoinine G1 C, H,N,O5 107462-36-2 1
42 TR Y A sanjoinine A — — 1
43 Wi k= spinosin CyHp,0 s 72063-39-9 1
44 YeRk 711 vicenin-II CyH5005 23666-13-9 1
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Fig. 5 Venn diagram of component-disease target

PES AT, Tz N T R 2 Ay A B R A
5t % F UPLC-Q-Exactive-MS/MS 43 #7 2 244~ 116
SRRy T — 2 R A Ay 1) 4 7 s
2 D 5 B AH 5 SR AR TE AN 5 2 R I K e R
BT, A & P 454, 45 SR IR A= AR 3L 48N T
40MEEY, R A VIR 3A EEHZE 28 N ED)
B 8 AN VB IS 1A, o 7 5 v 2 g 5 0] B
EE S 5 BN o ASHIE 7T S B T 0 R A4 Ak 2 A 1)
PR 3 T, A R A o o 24 B B SR A
RUETSH ., AL EHFE I EER KA
EW 4% FBEAZ A5 TT DL 4y R e A 2 R BoRE AT Sk

6 ZY-RoY- S W 4

Fig. 6 Drug-component-target network diagram
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Fig.7 PPI network of common targets
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Table 3 Docking and binding energy of key component

and core target molecules

ZE A RE/ (kT mol™)

HLR4FK PDB %

WMENEE L2EE 525 B
JUN SFV8 2344 -21.77 -23.44 -23.02
AKTl  6HHH  -4395 -39.77 -3893 -38.93
STAT3 ~ 4ZIA  -32.65 -30.14 -31.81 -30.98
MAPK14 6SFO  -38.51 -3893 -36.84 -37.26
ESRI ~ 5SACC  -3851 -3516 -30.98 -28.47

JAK2/STAT3 155 5 i % i) 25 22 i 04, 5 HE ARk e 2 g
e fg S Zod 23 R Z UM 5™, JUN.MAPK 14 &

7 2R 5T AL R WO A, 7R 4 B A 1k
FEEFBE TS R K EEAEH , 5 AD WM
RIEZE M R, AKTI & — Fh 22 W /95 & R &
B CURR 2R (S BD , At i il i 22 & IR AN/ 8k,
IR RN TR TR G AR A K
A A gt FER . MEBOR SRR TR R 2k
1) 768 SR % A R EC AR B0 I 7 i DR 7 A AR . M
WK ZARAG 2 FE A : ERa A ERB. N3 R # i 2
ANMURF () FE ] (43 51 2 ESR1 3 KA ESR2 2[R i
5. ERaF1 ERBTENM 27040, S 515% 1%
AT RN KIS, 7E AD TR Z B2 m Y, IL16
[ HE R 22 25 PE AT RESL I AD 1 5 BOME (S 5l i,



54645 F 1287 2023F 128 %353‘-'[4 % Drug Evaluation Research

Vol. 46 No. 12 December 2023 - 2577 -

11 Z5/)-MAPK 14

FLHE I FR-ESR1

11 ZOES 5RO 8RS FIHEER

Fig. 11 Docking mode of core components and target molecules
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