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Effective components and mechanism of Peganum multisectum
in the treatment of Alzheimer’s disease based on
UPLC-Q-TOF-MS/MS and network pharmacology
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Abstract: This study explored the pharmacodynamic material basis and mechanism of action of Peganum multisectum ( Max-
im. ) Mobr. in treating Alzheimer’s disease (AD) through ultra-performance liquid chromatography coupled with quadrupole
time-of-flight tandem mass spectrometry ( UPLC-Q-TOF-MS/MS) , network pharmacology ,and molecular docking techniques.
Based on UPLC-Q-TOF-MS/MS to analyze the main components of P. multisectum; Combined with the MS results, the active
components of P. multisectum, corresponding target proteins, and disease targets were screened using databases such as
SWISS ADME and GeneCards. Venn diagram analysis was performed to obtain intersected targets, which were then imported
into Cytoscape 3.9. 1 software and the STRING online analysis platform for protein-protein interaction analysis and construc-

tion of a drug-ingredient-target network. The relationship between the expression of core targets and the pathology of B-amy-
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loids (AB) and microtubule associated protein (Tau) was analyzed using the differentially expressed module of the AlzDate

database. GO and KEGG pathway enrichment analysis were conducted using the DAVID database ; Autodock Vina software

was utilized to construct molecular docking models between core targets and active components. A total of thirty-four major

components were identified from P. multisectum , including ten alkaloids, five flavonoids, five amino acids, five terpenes, two

nucleosides, three phenolic acids,and four other compounds. Network pharmacology analysis results showed that major active

components such as evodiamine ,B-sitosterol ,B-stigmastenone , and harmine can regulate a series of biological processes, mo-

lecular functions,and signaling pathways related to the pathogenesis of AD by acting on targets , thereby regulating cholinergic

system and function, reducing AB damage , regulating microcirculation and neuronal cell system and function for the treatment

of AD. The results of molecular docking showed that evodiamine ,8-sitosterol , 8-stigmastenone , and harmine had good affinities

to core targets such as MAPK3 and STAT3. This study preliminarily reveals the therapeutic effects and mechanisms of P.

mudtisectum in the treatment of AD,providing a basis for clinical application and drug development.

Key words : Peganum multisectum ; Alzheimer's disease ; UPLC-Q-TOF-MS/MS technology ; network pharmacology
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Fig. 1 TIC diagram of P. multisectum in positive(a)and negative (b) ion modes

&1 UHPLC-Q-TOF-MS/MS A 453 & Nk TeEPUEZR T ER
Table 1 Chemical composition information of P. multisectum identified using UHPLC-Q-TOF-MS/MS technology

P BN SEE e

. A I, X
BT g (min) EwY) Molecular B 745 Theoretical  Measured Frror MS/MS
No. Compound P e Ton mode value value (x10%) (m/z)
ormula (m/z) (m/z) X
) 157.075 2.156.080 5
V=3 [E; |] ;3 2 A N
1 0. 887 DM*{W%E@H C, H,N, [M+H]* 173.1073 173.106 6 1.3 144.0711.118.064 7,
esoxypeganine 91.054 4
171.094 9 154.066 1 .
2 0.920 MEWEAETL Vasicine [°) CyH,N,0  [M+H]* 189.1022 189.102 8 2.4 144.0820.143.072 5.,
118.066 4 91.055 4
3 0.932 JBH Choline " CsH,,NO [M+H]* 104.1070 104.106 4 5.7 60.082 1
4 0.951 fifi% & Proline [© CsHyNO, [M+H]* 116.0706 116.069 9 6.1  70.0655
5 1.291 F#IZWS Xanthine [©) CsH,N, 0, [M-H]-  151.0265 151.026 1 0.3 108.0199
6 1.309 RS Pyroglutamic acid CsH,NO, [M-H]-  128.0348 128.036 4 8.5  82.0311
7 1.495 1% %2 Tyrosine [°J CyH,, NO, [M+H]* 182.0812 182.089 7 6.1 165.033 4,136.076 1,
123.043 8
8 1.675 25 Leucine |7 CeH;3NO,  [M+H]* 132.1019 132.1016 2.3 B86:0974.69.0705,
57.057 6
_—
9 1.774 I 7] CioH;3Ns0,  [M+H]* 268.104 0 268.104 4 1.4 136.0619.119.034 6
Adenosine
ENUE=N 120.080 7.103.053 7
3. ) CoH,, NO, + . ) 6. ) N
10 198 Phenylalanine 7 oH NO,  [M+H]* 166.0683 66.0849 6.2 01.054 2 77 038 4
11 5.184 Caffeic acid hexoside CysH,50, [M-H]-  341.0793 341.087 3 s 179-0356.061. 101 1,

135.045 7
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BBAH SEE

yA Al
ETRs 15, (min) & Mj)i¥ilt ) B 755,  Theoretical  Measured ﬁf MS/MS
No. f Compound fo ecul‘dl Ton mode value value ( ‘106 ) (m/z)
ormula (m/z) (m/z) X
b 4 S I 2 T . .
12 6.718 Hﬁﬂ% W@”W CyHoyN,O  [M+H]* 187.0866 187.0859 3.7 171.0587.144.0451,
eoxyvasicinone 118.062 9
13 6.831 m’i?ﬁ%%{ud CioHyo 04 [M+H]* 195.0652 195.064 1 5.6 177.0535
2 F 9% B 2 185.070 6.160. 075 9
, C,H,N,0 + B . R
14 7.090 Hatroalnl (5 pHLN, [M+H]* 201.1022 201.1019 L7 30797
ETHE 161.059 3 .133.064 8
. C,7H,, 0 M+NH,] * 390. . 2. ' )
15 7.602 Syringin ¥ 17Hy05  [M+NH,] * 390.1759 390.174 9 2.5 105 068 9
A 5 ik 133.065 2.118.041 1
. ¢, H,,0 + ) . - . R
16 7.618 Mysisticin (¥ 11 H, 04 [M+H]* 193.0859 193.084 7 6.3 115 os4 2105, 069 7
ju 4 —H-= e
17* 7.537 v%' _‘“@I"J@J CyHpN,0, [M+H]* 203.0815 203.0816 0.5  185.073 7.130.064 9
asicinone
W R Ty 184.063 1.171.091 3
a C,HEN,0 + - \ >
18 8.095 — 12 HioN, [M+H] 199.086 6  199.085 4 6.0 11 0829
”A/ » 3 TR
19 8.546 " ”’J‘{f?&_ ) Cy HgN, [M+H]* 169.076 0 169.079 5 6.1 142.063 5.115.053 8
arman aikaloid
227.162 7 210.041 6
icarisi CoHs,0 + \ .
20 8.914 icariside B5 19 H3 Ug [M+H] 389.217 0 389.2153 4.4 200. 153 2.149. 095 8
3,5,5-Trimethyl4beta-hydroxy-4-
21 8.981 [ 3-(B-D-glucopyranosyloxy ) - C1oHs00g [M+H]* 387.2013 387.2002 3.0 ?g; (1)325; 3\;;9(-)(8)2469 h
1-butenyl ] -2-cyclohexene-1-one ’ e
UEE=Y -y 355.158 0.,323.133 9,
¥ C, Hy, 0 + -
22 10.271 Tetrahydrocurcumin 21 Hpy Og [M+H]* 373.1646 373.1624 5.8 53 o515
200.096 0,174.092 6 .
23 11.190 IR I EERR Harmaline [© CH N, O [M+H]* 215.1179 215.118 4 2.4 172.100 0.159. 068 4 .
131.073 0
W3 |1k-3 - g 142.032 2.126.034 6
CoH,NO HI- ‘ :
24 11.326 Indole-3-carboxaldehyde o [M-H] 144.046. 0 144.0456 0.8 115.042 6
25*  11.644 FAIRIE R Harmine ®) C3HLN,O [M+H]* 213.1022 213.1012 4.9 198.080 3.170.085 3
26 11.741 Hi 253 T Loliolide C, H,60, [M+H]* 197.1172 197.1154 9.2 161.096 4.133.100 9
AR TR b 341.063 0.,299.057 3,
W C,Hyy 0 HI-
27 12.665 Neodioamin 2sH3p Oys [M-H] 607.168 3  607.167 9 L7 ed 0336
187.099 0.,169.088 1,
28 12.771 FLESAERR Azelaic Acid CoH,0, [M-H]- 187.096 9  187.098 0 2.2 125.097 1.123.083 2.,
97.065 4
3,5,5-Trimethyl-4-[ 3-(8-D- 211.169 6.193.159 5,
29 13.000 glucopyranosyloxy ) butyl ] - CoH;, 0, [M+H]* 373.2221 373.2187 9.1 175.1473 135.116 4
2-cyclohexene-1-one 109.100 6
30 14.760 2-(2-Hydroxyphenyl) 4- CisH 04 [M+ACN+H]"36.1230 336.120 3 .0 O21.0997.320.0925,

phenylbenzene-1,3 ,5-triol 292.096 8 .278.081 2
5-Hydroxy-3-(4-methoxyphenyl ) -7-
[3,4,5-trihydroxy-6-
31 15.069 [ (3,4,5-trihydroxy-6- CyH3 0y [M+FA-H]™ 637.1780 637.178 7 2.0 283.062 6.,268.038 4
methyloxan-2-yl ) oxymethyl ]
oxan-2-yl ] oxychromen-4-one

447.130 6 285.077 2,

a 2 oo (7] C,eHs O + .
32 15.160 ZALTT Linarin sH3 01 [M+ H]* 593.1865 593.186 4 0.1 70 051 8 242,055 8
268.037 2.239.034 5
127 Acacetin [7) CigH,0 H]* . . . ) ’
33 20.329 HIBEZE Acacetin 16H12 05 [M-H] 283.061 2 283.061 7 1.8 172,054 3.61.987 9
o3 Bk H
34 24.001 LA P MEL CpuHyyNO, P [M+ H]* 496.3398 496.339 2 -1 184.073 6

Lysophosphatidylcholine
TE 20 B OSBRI AL A1 s AL & Wit i 15 MS DIAL Kl e v — 2 i (<L AT LU AR 5E

Note ; * Compounds identified by comparison with reference standards ;* Compounds identified by comparison with secondary mass spectra in the MS DIAL

database.
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Z 248 0y % [ 4y 143 Fi i id UPLC-Q-TOF-MS/MS
TEVERS B 22 2R L2 oy 34 B, o 14 MOSr
SRRARE S BEIA M, W AD 2515

PRESA 16 ANTEPE I, 20590 o I S0 5 AL BBk | 2
IR G EH P A KIS A SR PSR
TOMR SN W AL BB BT N R R
A B | Sz BT BRR A BS AR TR | PR 2 5 1 | gl -3 -
SIS S N T N & 9 (B LIRS N e
77 AD B RUE I 2,

x2 ZHEWERT AD HEERSER

Table 2 Information on the active components in the treatment of AD with P. multisectum

PK DL
p L I e
4= L T
No. Compound s B prosuR e Lipinski Ghose Veber Egan Muegge
Gl absorption
BBB permeant
S e
1 i 4 %%mﬁ]m High Yes Yes Yes Yes Yes Yes
Deoxyvasicinone
7 IR T TE T
2 24 %}KEMZ High Yes Yes Yes Yes Yes Yes
Harmine
3 L E High Yes Yes Yes Yes Yes Yes
Halazepam
s S
4 SRS High Yes Yes Yes Yes Yes No
Harmol
[ TRENN
5 féﬁ %W High Yes Yes Yes Yes Yes Yes
Evodiamine
T S
6 G ILJA%)H( High Yes Yes Yes Yes Yes No
Ipidacrine
V4 4 I 1 .
7 e %M High Yes Yes Yes Yes Yes No
Desoxypeganine
N
8 B ﬁ i High Yes Yes No Yes No No
B-Sitosterol
9 HE P E High Yes Yes No Yes Yes No
Daucosterol
10 AR High Yes Yes No Yes Yes No
Benzoic acid
S
11 B 51 Hi B High Yes Yes No Yes No No
B-Stigmastenone
i %
12 2 Eﬁg@l . High Yes Yes Yes Yes Yes No
trans-Ferulic acid
13 ft Hgm@a High Yes Yes Yes Yes Yes No
Azelaic acid
14 A Ej[g M High Yes Yes Yes Yes Yes No
Myristicin
g3 - FHY .
15 Indole-3-carboxaldehyde High Yes Yes No Yes Yes No
Lih = sH2 1=
16 3 H W il High Yes Yes Yes Yes Yes No
Loliolide

2.3 ZARFHEEBEIEAERE AD RREEER
YT A F R | DA SR ik | sl -3 - PP B b =
WEETC probility > 0. 1 BY#E A, BREZ MY 12 41
PERG 73 2245 B 4E HTHE A0 194 4>, 7E OMIM | Gene-
Cards ,CTD ,TCMSP F1 Drugbank Z& %4 J&£ /3 W6 &
ZI| AD FH G HE B 542 148 [ 775.60.28 4, EH 5 1

249 4~ 194 MMEHIHE A5 1249 4~ AD HISCHE RiC
LERHL A TT A, 000 9 KIE. AT S K008 -
AR ¥ A1 B 5 AL g (25. 00% ) | 3 5 & i i
(20.20% ) \B5 A5 5 52 1K (16. 70% ) |\ AR 57 1
B AT A 1 (14.30% ) MEZIZ &1 (9.50% ) o H
i MAPK3 \MAPKS Sy E 52 14 22 21/ 75 = IR 4 11
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fit}, MMP1 g J& . Wos T 220850 E 226
TURE AR T AR
2.4 PPl W& 5REFEIE

HE A AR TSR] PPTIE (WK 2) 3k 74 4>
TR 356 S50, RE(H 9. 25, PPT B v g g v
Pk (degree centrality, DC) Jiz I pé) S 5 22 8] (19 5
R, JCHR bk , AR s 7 I 28 v 2 i)
TR 2 A0 ( closeness centrality, CC) AT 4 H
> (betweenness centrality , BC) 43 1] 5z e T #4522
Vi) ) e ot s A R LT T A e o B AR v (R 35 BB T

MAPK8

CYP19A1

T 2 KF DC 1 A% % . BC Fl CC Ry %, BRI
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Fig. 2 Protein-protein interaction diagram
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AD PYTRTEA 0N SY . ARHETT S5 DC R/,

Table 3 The correlation analysis of seven targets with A8 and Tau protein
R BIAA &4 Pathological correlation
EERFAE 4R SR
Uniprot ID Gene name DC B-IERHEE Tau 2 [
Amyloid B-protein Tau protein
P12931 SRC 29 - -
P03372 ESR1 26 - -
P27361 MAPK3 26 -
P40763 STAT3 25
P10145 CXCL8 23 - —
Q07869 PPARA 21 - -
P04150 NR3Cl 20 - -
¥ P<0.05,"" P<0.01,**" P<0.001,
2.5 ZREEE-HT-EREAME N R 2R BB B 1 L B2 54 T R 1 2% U 0% B

P T 5 S A A B e BT A 1 o) 107 ) A A
Hlﬁ?l‘ﬁﬁ?o
T 4 f

ﬁlio HrP R BT 32 AL A B4 5 1 24
LR 22 AN 2 RS E R 11
h—2L K B 60% 3 PR Y = A 4
AR AR T 7S AR AR SR A T3% IR A R
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Fig. 4 Enrichment analysis of active compounds in P. multisectum
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2.6 GO #1 KEGG @I EEHT

GO &4 (WK 4a) 7R, 77 PEE G FEW
TS AN R0 S 0 JRNA SRS 11 S 8 755 5%
P IE MR SRR B W IE R 5 555 .G &AM
R AZ IR 5 % b2 28 A% ik AL R {5 5 e 508
Toi ARG TR 45 243 2% GO B et 72 A i 4
B 48 2%, F 5 T BERE A ZH 43 | 40 2 A% T
FEE IO G P Jo IO B Bt 5 2% fle | BIR A A 22 T L
IRESEIIE A K5 7 T IIRE 83 4%, R EL S LS & JBF
A ARG N EE LIRS

SEAIR I I 1 o 22388 A2 (A6 A | G- 1 G
ML 2R 32 ARG PR DI REA K. KEGG & 424421 61
SRAR T EK, TP S R RO i Bl 22 0 M
PRS2V AH B A FH T 8% 55 15 5 G0 B R AE
cAMP {5 5 i | R 1% Z 4K, PPAR {5 5 1 B
cGMP-PKG {5538 i # 0 [A 515 5 3 1% Bl )R K T
AR % HIF-1 255 5 08 3% (UL 4b) . R Z
R BETE ] ad i Z A0SR — RS AD K HL
FADCHYAE 2t 72 20 ML ZE B 53 D R AR 3 i
A AET 7R

x4 XBHESKECCBREESNHBIER

Table 4  Partial information of key targets KEGG pathway enrichment analysis

' {550 p TP E R
No. Signaling pathway Gene number
hsa04080 2T PE AR -2 AR AR HAE ] Neuroactive ligand-receptor interaction 2.69E-07 16
hsa04726 1L ZE REZ il Serotonergic synapse 8.09E-12 14
hsa05200 JEASE I8 % Pathways in cancer 0.004 4 12
hsa05207 A B -Z ARG Chemical carcinogenesis-receptor activation 1.29E-06 12
hsa04024 HIRFFEL (cAMP) {5 538 % cAMP signaling pathway 1.00E-04 10
hsa05010 ] JR % HF 2R9%5 Alzheimer’s disease 0.041 239 8
hsa04020 P58 T{5 5l % Calcium signaling pathway 0.005 112 8
hsa05417 N85 5 3k AL {L Lipid and atherosclerosis 0.002 0722 8
hsa04931 JiE 5 ZHEHT Insulin resistance 3.08E-05 8
hsa04915 i {5 58 % Estrogen signaling pathway 1.46E-04 8
2k IITR2A, P<0.001 9 F T HIRE, i
g 10+ é Al o 3
LN A g l -
st 2h <
7 L N 4 ! 1
%4884 Control ADE# AD patients X 44 Control ADTHF AD patients
b FPR2, P=0.009 11 L ADRA2C, P<0.001
ot l
L _— 10 |
i 6 - %; 9 L T
a - a =
= =
B ‘|~ W 8
= 4 | 1 |
=
2 6 =
1 | 1 5 L |
X B4 Control ADEF AD patients X B4 Control AD#E ¥ AD patients
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Fi
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.5 Changes of proteins involved in neuroactive ligand-receptor interaction pathway in AD patient
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H 2% 4 AT, KEGG 3 [ i 28 1 1 e A4 -7 (R A
A FHE R A Y N R 22, ROk LT 2R 2% i
27 B -2 AR T 3 I R AE 8 B CAMP {55
WG . o — 2D B R 2 T M AR
AHELAE FH 8 2% (hsa04080 ) ¥ s 75 AD f8 35301 i e )22
AR IS . ARYE DAVID S3#r 25 AR 2, #2875
P TC 452 R AR B A FH 38 B AH OCHE 5 CHRM2 |
HTRI1A . HTR2C , FPR2 . HTR2A . ADRA2C , NR3C1 |
ADRA2B, ADRA2A . GRM2, GLRA1. HTR6 ., MT-
NR1A HTR7 .DRD2, FFH AlzDate $¥i 2216 2% 75 (e
RN AD £ 35 r i BORH G R A 7 )2 I 3R AR
O, S AIAT S 208 B AESCH HTR2A (HTR6 5 FPR2
1E AD Jig A a8 i 2 T, 1fif ADRA2C {22 1,
2.8 SFITEWIE

AB HUTRR AN Tau 8 1109 o B W IR fb J2 AD
A FEERIN . ARYE AB M Tau & PR B AA A M4
Hra 5 8 s rh STAT3 \MAPK3 5 AB &%, Tau & (1%
PR B A OC, TEIR YT AD R BIAZCAE . #EAT
VE R OB A, R T RHEROR  BAIE T 4 Fhid v

JRIT RAE B, B~ 15 B B- 2 1 I R 2 S50 0% e
S BN RM T 2 FRHEEE R ER(WERS),
Hp 4 FgtE 5 2 HE S48 <6.0
kJ/mol, WA BAT 5% 0L s S HA RAFIY R .
SR H5c o I SR A B | 25 UK B 2 T B- 4 HS A
B- 5§55 B -5 00 5 MAPK3 9 31z ] (LI
6). R KBNS AR Aspl92, Argl89 | I11e190
Phe348 | Arg87 . Asp353 Fil Ala349 JE At /K 8 5 8-
IS 5K Leu86 , Leu352  Leu360 | Arg87 , Phe348 |
Met350 . Aspl92 . Hisl195 | Tyr222 | Argl89 . Asp353 .
GIn83 F Ala349 JE ke s i KAV HT 5 25 A 0 Bk i
Bl S 5% Asp184 AL, & IR 3.13 A %
A 9% B % B A 5 R 3L Ser170. GluS0 . Cysl83,
GIn122 Leul73 . Val56 .Gly49 F1 Gly51 J %55 7K 4 ;
B-15 S T 5 5% e Argl 16, Alal14 [ Alal09 | Leul07 .
Argl08  Asp37 . Tyr119 (Aspl17 F Lys72 & 2 € 1Y
BiKVER o 25 F Rk, A RSy il DL AT O #E e
AR SE B SRR K AR o A0 5 DU A R0 0 )
AEXT 2 AR O i ELAT AR i A 400 1) 356 2, 28 o 410 o)
AB RV K Tau 5 Had BERERR AL A FEHT AD /EH

xS BAIMS-ROEBRSTFIEER

Table 5 Molecular docking results of active components and targets

A 2545 B Binding energy (kcal/mol )
TCMSP ID
Component MAPK3 STAT3
MOL003958 LA Evodiamine 8.6 7.7
MOLO000358 B-4+ 8§l B-Sitosterol 8.2 6.1
MOL008570 FEISTEET Harmine 7.4 6.0
MOLO01507 B~ IR B-Stigmastenone 7.2 6.9

3 Wit E%i

AT UPLC-Q-TOF-MS/MS FRGES £
Fh 4 25 B2 2 2 2 W7 - £ FIVECE 128, M 2 240K T
I Y 34 Rk A, HETTIR Ve IGYT AD 9 15
PR R 775 A SR 5, Horh RSB 8-
F54 T - 54 T ) 25 6 B 2 A g 22 0L A RS
HIRYT AD 9 3 A %0% 43 ESRL L SRC  NR3CI |
STAT3 MAPK3 . PPARA .CXCL8 “NV&YT AD ) F %
VEFIHE S . M K 32 7k ESR1 HA i 245 45
AL T L U UL B 2 T 5 T 05 e, 90 L
RER ST ZE AD & 1", MAPK3 BEiH#% Tau &
FIBRR AL i 28 8 i 01 5% fioh T BE B 545 15 AD 6
(¥ 2 FhIhfE , o8 AT 44 G40 M 1 19 32 P45 S5 3 40 i
B, 215 AD 5 B EIRH G 1) I 15 4 28T A 39 5

PR SRR 5 2 8 T 38 5oL 0 46 2 Tk R
BRI HR PRI Ach 7596 T R AR K J2 1 7K F
VR LB 2 5 N DR, i A i TS N2/ ARE
575030 B WA TEE MDA 212, 390 ) A0 38 7 , o />
gAY B AT R AT R A
e AT TR S R A S L A T
AchE 4, T AR AE R 41 . 2 AUk T A
(8 GRS K 158 RNA FIZE (1 525745 , 3
5555 R SO A ML PO B8 , B R 2 AR e T
G f o i 2 BRI T 4 A M0 MR A
BRI f BE ST T HAYT AD MO i

AD LI Z, AB BT Tau % 14 9 1
FE BRI 5| RIZ BRI A T K . B
SER B & %4 T 3 AE I 0 3 A0 A STAT3 A
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Fig. 6 Molecular docking images between active ingredients and MAPK3
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