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Study on Mechanism of Alkaloids Therapy of Buxus Microphylla in Treating Alzheimer’s Disease Based on
UHPLC-QE-MS Analysis Combined with Network Pharmacology

XIAO Qiangian', WANG Xiaohong', LIU Xiaoli%, LI Aigian®, MENG Ying'!, SONG Anni', CHENG Zhongzhe'
(1.8chool of Pharmacy, Weifang Medical University, Weifang 261053, China,; 2.Zibo Center for Disease Control and Prevention,
Zibo 255000, China; 3.The Affiliated Hospital of Qingdao University, Qingdao 266500, China)

ABSTRACT: OBJECTIVE To identify the chemical constituents of alkaloids in Buxus microphylla, and to explore the
material basis and mechanism of action in the treatment of Alzheimer’s disease. METHODS The alkaloid components of
Buxus microphylla were characterized, and the active components and corresponding targets of Buxus microphylla alkaloids and
related targets of Alzheimer’s disease were obtained by PubChem, SwissADME, Swiss Target Prediction, Genecards and OMIM
databases. Cytoscape 3.9.0 software was used to draw the “component-target” network diagram. The protein-protein interaction
network was constructed by String platform. The visualization of pathway enrichment analysis was carried out by using the
on-line drawing tool of bioinformatics. Molecular docking was performed on the screened core components with
AutodockTools-1.5.6 software. RESULTS Twenty-three alkaloid components of Buxus microphylla were identified, 19 active
components and 216 corresponding targets were screened. Eight hundred and eighty Alzheimer’s disease targets and 49 drug
disease intersection targets were screened. The main biological processes related to GO enrichment analysis include chemical
synaptic transmission, anterograde cross synaptic signal, cross synaptic signal and so on. In KEGG pathway enrichment analysis,
neuroactive ligand receptor interaction, serotonergic synapse and cAMP signal were the main signal pathways. Molecular
docking showed that the screened core targets and core components had strong binding force. CONCLUSION This study
preliminarily proves that the alkaloid components of Buxus microphylla can act together in multiple components, multiple targets
and multiple pathways to treat Alzheimer’s disease. It provides a reference for further research on the material basis and
mechanism of the effect of Buxus microphylla alkaloids on Alzheimer’s disease.

KEYWORDS: Buxus microphylla; alkaloids; LC-MS; network pharmacology; molecular docking
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BHERA A RR A, 5. PS020065; 415 : 98.0%) .
2 HE
2.1 /N EAGAEYIRE LC-MS 45E
2.1 HEECAHN & RS RRE /N A R R
0.02¢g, il 1 mL 80%Z FEM AL 20 min, 4
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MEIWLE 1, 256X RS ER 2 D 2R
LA SAH I SCHR B3PI AL S I S i b,
/N A A MR R 53 23 A1, DLER 11517:19-22.36-381
HY 1 (AR BRI 1.10 min, 5555 08 5 R LE B
A D RS —2, WWERNMES T B m/z
403.367 6[M+H]" SHHIEE R m/z 372.325 6 [M+H-
NH,CH;]", m/z 354.314 1(372.325 6 lii7K),341.302 8
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Fig. 1 LC-MS total ion flow diagram of Buxus microphylla alkaloids
T D EENERS
Tab.1 Alkaloid constituents of Buxus microphylla
. MG S >%

5 ey E MS/MS Zfi Appm

T tx/min e 43k MHH]  [M+H] LR oo
HY1" 110 3455 D CosHagN2O - 403.361 0 403.3676 372.3256,354.314 1,341.302 8,323.2726,203.179 2, 135.116 9, —1.46 [19,36]

121.1013
HY2"  1.88 ###ghk D CosHypNoO - 387.3297 387.3373 3422789, 324.2684, 241.1950, 189.1515, 119.0857 0.80 [19,37]
HY3  2.54 cycloprotobuxine CagHasN2O 4033610 4033679 385.3577,340.299 3,323.2729, 189.163 7, 173.132 8, 135.116 9, —1.07  [38]
121.1013

HY4"  3.46 buxmicrophylline O CasHusN2O,  445.3716 445.378 7 400.320 8, 382.311 3, 189.163 8, 184.968 4, 262.920 2, 121.101 4 —0.30  [38]
HYS5 3.70 buxmicrophylline D CooHs5oN,O, 4593872 459.3940 414.3352, 396.3260, 3302789, 121.1013 -1.10 [36]
HY6"  4.86 cyclovirobuxeine A CysHugNoO  429.376 7 429.3840 3843254, 366.313 8, 339.267 7, 2552107, 201.163 9, 121.101 3 0.07 [16,38]
HY7  14.57 cycloprotobuxinamine = CyHsN,Os 503.340 7 503.346 0 398.304 6, 339.266 9, 189.163 4, 168.091 9, 151.148 0, 121.101 3 -3.73  [36]
HY8" 16.47 cyclobuxoxazine CyHaN2O, 4313559 4313626 413.3507, 3682939, 189.1639, 161.1325, 121.1014 -1.52 [20,36]
HY9" 17.39 cyclomicrophylline A ChsHysN,O» 4453716 4453780 427.3677, 382.3099, 271.2409, 311.6926, 121.101 4 -2.01 [16,38]
HY10" 17.44 buxippine K CosHNO, 3862981 3863050 368.2936, 241.1586, 187.1480, 137.096 1, 119.085 6 -0.92 [17]
HY11" 18.22 cyclosuffrobuxinine M CpyH3sNO 3542719 3542783 323.2370, 187.147 8, 241.158 6, 137.096 0, 119.085 7, 105.070 1 —2.38 [21,36]
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#gk1

. BB LN - 2%
J-‘-‘l—l tol) AN 4 MS/MS % # A m yehahs
¥ f/min kam AT e AT —_—
HY12" 18.50 cyclomicrobuxinine CyH37NO, 3722824 3722901 3232353, 119.0856, 187.1483, 137.0959, 105.070 1 1.06 [19,36]
HY13" 19.55 buxbodine B CysH4iNO, 400313 7 400.321 0 382.274 1, 189.163 4, 149.096 1, 121.101 4, 135.0805 -0.02 [17,36]
HY14" 21.11 17-oxocycloprotobuxine Cp3H3NO — 344.287 5 344.2947 313.234 1, 203.142 4, 111.107 9, 135.080 4, 179.085 6, -0.41 [16,38]
121.101 3
HY15" 21.95 buxmicrophylline C C30HsoN,O; 487.382 1 487.3887 469.379 3, 424.3206, 354.2793, 337.2518, 121.1012 -1.48 [19,36]
HY16" 22.48 demethylcyclomikuranine CosHaNO, 388.313 7 388.3206 3703112, 339.267 6, 121.1013, 151.1119, 189.163 8 -1.05 [22,36]
HY17 23.36 buxmicrophylline K CysHyisNO, 3903294 390336 0 372.3250, 323.2728, 203.1787, 135.116 8, 121.101 3 -1.68  [36]
HY18" 23.65 buxmicrophylline G C36Hs4N2Os 595.403 3 5954100 577.400 2, 550.354 5, 532.340 5, 339.267 6, 194.081 1, -0.92 [17,36]
137.132'5
HY19" 23.82 16-deacetoxyhyrcamine C;Hs;N,O; 501.397 8 501.404 3 483.393 8, 438.336 6, 339.267 0, 356.2939, 189.163 7, -1.60 [16,38]
121.101 4
HY20" 24.47 cyclobuxophylline-K CysHsINO  384.318 8 384.3251 339.267 5, 203.143 0, 137.1324, 135.0805, 121.1013 -2.50 [21,38]
HY21" 24.80 N-Acetyldihydrocyclomi CpsHagN,O3 461.366 5 461.3732 443.362 6, 416.315 6, 339.267 2, 321.257 3, 137.1321, -1.24 [21,36]
crophylline F 121.101 4
HY22" 25.37 cyclobuxophylline O CyH3;NO  356.287 5 356.2944 3392677, 203.1427, 137.0959, 135.0805, 121.1013 -1.18 [15]
HY23" 25.38 (E)-buxenone CpsH3oNO  370.3032 3703105 339.268 8, 203.1429, 137.096 0, 135.0805, 121.1013 0.16  [17]
e RIS A WAL
Note: “Represented active alkaloid ingredient.
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Fig. 2 Cleavage pathway of reference substance cyclovirobuxine D(HY 1)
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Fig.3 Cleavage pathway of compound cyclobuxophylline O(HY22)
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> o targets of Buxus microphylla

3.3 PR AR IR 2 G T g L a5 P 7

2B A3 ) A JE 19 81 AD AHOGHE 3.4 “?ﬁ‘@ﬁﬁ-ﬁlﬂ)ﬁ" P £ 44 3 5 A
S 880 A, I A I A R P L ) S AR 49 P IR B S SR 5 2 s U E B
A, i#id Venny 7EZE T H2E, 245K WA 4. FA Cytoscape390 ST L, BE -

-3050 - Chin J Mod Appl Pharm, 2022 December, Vol.39 No.23 R E PN 227 2022 4F 12 A% 39 #5523 11




R M DL 5. PR T AR R TR A R RS
ARHE AL, BT S /IR (B TR R 2
E AR . 12 B 435 8 A =2 T A A 5
#, ZMEIH 68 /Hj“)ﬁ, /\EP@ 19 254
TR 49 AR e, BT 256 SR, CFREE(E
H 7.5, R &Fﬁzﬁﬁ 16 4>, FHrp
HY11 885 21 MESEB A EMEN, HY8 25 20
SR AR AR, ULEH A A PR P o
M, ZIRRNERS

“ "5 HY4
l‘) HY18
,’ TR

INSR CHRNB4 AR

ACE CHRM1 MERTK DYRK1A GRIN2B MAOB HY6
APP - HSD11B1ADRA2C ' REN

AKT1 PTGS2 ADAM17 RARA '~ NOS2 MC4R CYP2D6 ‘

-

SLC18A2 NOS3 HTR2A PRKCE G6PD  ESR1 . RARB

CHRNA7 HTR6 CASP3 -~ MME .~ ACHE CASP7 CHRNA4
HY13
HY15 CCR2 BACE1  DRD2 CCR5 SLC6A4 MAPK10SIGMAR1

F2° CHRM2 HTR1A SLC6A3 MAPK1 BCHE ALB

HY9 ’

" @

HY21 I’O HY19
5 “HEMREMERL-ER” HEERNSHE

Fig. 5 Interaction network diagram of “alkaloid active
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Tab. 2 Binding energy of docking between alkaloid active
components and key active targets of Buxus microphylla

% RS 254 AB/kJ moL™!
HY1 AChE -8.48
NOS2 -8.02
ADRA2C -8.87
AR -6.39
HY10 AChE -9.25
NOS2 -6.73
ADRA2C —6.60
AR —6.62
HY12 AChE -7.39
NOS2 -7.50
ADRA2C -7.20
AR —6.93
HY22 AChE -9.55
NOS2 -7.29
ADRA2C —6.95
AR -7.55
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Fig. 9 Molecular docking schematic diagram
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