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Material basis of Kaixinsan in treating depression-Alzheimer’s disease
comorbidity based on UPLC-Orbitrap-MS/MS, GNPS molecular networking,
and network pharmacology
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Abstract: Objective To establish a research strategy for the material basis of traditional Chinese medicine treatment of comorbidities
based on high-resolution mass spectrometry, the global natural products social molecular networking (GNPS), and network
pharmacology, and conduct a systematic analysis of the material basis of Kaixinsan (Jf/[»#{) treatment for depression and Alzheimer’s
disease. Methods First, ultra-high-performance liquid chromatography-orbitrap tandem mass spectrometry (UPLC-Orbitrap-
MS/MS) was used to perform non-targeted secondary mass spectrometry analysis on the extracts of Kaixinsan and its plasma and brain
tissue exposure samples. Then, using the GNPS platform, molecular networks were constructed based on the mass spectrometry data
obtained from the Kaixinsan extract and plasma samples. Combining the precise mass numbers, retention times, fragmentation
information, and mass spectrometry fragmentation patterns of the compounds, the plasma exposure components of Kaixinsan were
rapidly identified. Subsequently, based on the plasma exposure components, combined with the high-resolution mass spectrometry data
from the brain tissue samples, the brain-penetrating components of Kaixinsan were identified. Finally, the material basis for treatment

of depression-Alzheimer’s disease comorbidity by the Kaixinsan was explored by combining brain tissue exposure components and
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network pharmacology techniques. Results A total of 34 components exposed to Kaixinsan were identified in plasma, and a total of

21 components exposed to Kaixinsan were identified in brain tissue. A total of 19 components with therapeutic activity for depression-

Alzheimer’s disease comorbidity were screened from Kaixinsan, including 9 saponins, 9 oligosaccharide esters, and 1 xanthone.

Conclusion This study established a new strategy for rapidly identifying the material basis of concomitant diseases in traditional

Chinese medicine, providing methodological support for research on treatment of different diseases with the same treatment in

traditional Chinese medicine. It also provided data support for explaining the material basis of the treatment of depression and

Alzheimer’s disease concomitant diseases with Kaixinsan and its clinical application.

Keywords: Kaixinsan; UPLC-Orbitrap-MS/MS; GNPS molecular networking; network pharmacology; depression-Alzheimer’s

comorbidity; material basis
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Fig. 2 Molecular networking diagram of Kaixinsan extract and mouse plasma exposure components in positive and negative
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Table 1 Rapid identification of exposed components of Kaixinsan in mice by GNPS
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475378 3,113.024 3

5° 8454804 1734  -1.18 637424 1, 475379 8, ABEHRy Ca2H720u [M+HCOO]" ¥, FiAA
4104835, 89.024 3

6 9315265 1539 075 737.353 7, 637433 0, =-tREtFpl CaHeoO1s [M—H] %
4753771, 89.024 3

7 9554894 2255  -147 793434 9, 569.380 9, AZEH#HRo CagH76019 [M—H] M. faAR
523.3776,89.024 4

8 9775314 1597  -133 931531 3, 637430 4, =-tEHR CaHgoO1s [M+HCOO]" ¥
4753785, 89.024 2

9* 9915472 1743 -1.11 945537 8, 637431 1, ABEHRe CagHe201s [M+HCOO]  M¥. R

475.378 1, 89.024 3
10 10075416 1582 -1.59 961528 4, 637.429 9, 20-H&MEHE-ASEIRF  CisHeOr [M+HCOO] 1%, M4l
475.3813,89.024 3

11 10315425 1815  -0.68 945542 0, 637.435 9, H_MASEHRe CsiHasO [M—H] M
475.3785,113.024 3

12¢ 11015800 2302  —145 789475 2, 365104 8, AZEHRh Cs3Ha002 [M+Na]* M. fiHs
335.094 2

13 11235885 2274  -187 1077584 4, 945539 9, AZEHRC Cs3Hao02 [M+HCOO] 1%, M4
621.437 0, 89.024 2

14 11435903 2309  -1.66 831484 6, 407114 0, AZE1Rs: CssHy2023 [M+Na]* M
335.094 3

15 11535991 2266  -1.73 1 107.594 6, 945541 6, A5 EHRh CsHy2023 [M+HCOO]" ¥, R
621.4357,89.024 2

16 11736016 2300  -0.94 831484 4, 407115 1, FEPBEIR Cs6H024 [M+Na]* M3
365.104 7

17 11875801 2251 -1.6 875474 9, 831485 2, H_EEABETRe CseHa202s [M+Na]* M3
407.114 7, 335.094 1

18 12175907 2241  -156 875474 7, 831484 6, W A EHRL Cs7Ha4026 [M+Na]* M. s
407.115 1, 365.104 7

19 12336215 2244  -195 789473 6, 467136 2, AZEHRa CsgHoe02 [M+Na]* Mm% s
407.112 9,335,094 9

20 12636334 2208  —0.79 789477 8, 497.146 5 =-tiEiFa CeoHi00027 [M+Na]* i
4371254, 365.103 9

21 461.1293 747 0.00 281066 8, 239.055 9, FE{AF|MizEREA3 C1oH26013 [M—H] i A

179.0347,137.023 9
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95 miz tr/min (zf(,)) HHET (m) (AeL/ER S i marr R E

22¢ 5171553 809 -193 341108 2, 193.050 1, FEHFITITEREAS CaaH30014 IM—HI M. fadHR
175.039 8, 160.016 2

23 5471659 824 -164 341108 3, 223.061 2, FHAAITTEREAL CasH015 IM—HI M. fadHR
205.050 0, 190.026 4

24 585.178 1 988 -1.54 423124 4, 405116 2, FRIGEEEFA CasH3015 [M+Na]* k4
195.105 9, 167.030 0

25 6211818 1250 -1.13  549.097 4, 193.049 9, reiniose B/C CaoH34015 [M—H]" M. fadHR
175.039 8, 160.016 3

26 6911832  10.09 -1.88  409.109 7, 391.098 5 #AHiLEHB CaoH3s0w7 [M-+Na]* M. faAR
323.0735,167.031 4

27 7051982 1242 269 423124 6, 405114 2, ZimEFFA CaH3017 [M+Na]* M. fiHs
323.0727,167.0311

28 7372291 1414 -095  499.144 2, 237.076 0, reiniose A CasHe201s [M—H] M. faAR
193.050 3, 175.039 9

29 7532238 1115 -1.19 547162 8, 223.060 8, 3,6-"JFTEEILAER CaHa2019 IM—H] M. faAR
205.050 1, 190,027 0

30 7912353 1381 -2.02 423125 2, 409.108 9, #rmEFEC CasHuO19 [M+Na]* M. fiHs
405.113 8, 167.031 5

3 407097 963 -147 311054 4, 287.054 4, lancerin CisH1010 [M+H]* Mm% s
257.0438,171.112 6

2 4350925 1051 -1.84 345060 5 315.050 6, HENE CaoH20011 [M—H] M
272.0321

33 5611207 1019 -143 429078 2, 411.068 0, PEIAFILzENLEEB CaaH6014 [M+Na]* M. fiHs
339.046 7, 245.062 7

34 5691494 1058 -123 341066 3, 317.065 6, TN NI CasH2801s [M+H]* M. s
287.054 7

X IR LR A

* Compound compared with reference substance.

BERERM S (B 21~23. 25~30) A1 3 /Ml .

B A (B 31, 33~34), FRIE 1,
34  FROEEAHIER-P/RR BRI R R R
JHIF OMIM. GeneCards F1 TTD #i#f 3K B
RIS R BT 2R 2R BRI i A SR R, TR AR 4,
HWEHAE T 2 040 A [EI SHIARGE . Bl 2R K B
AHORHTHE A, WL 4 EFXS TR CoBCLE /)N BRUIG o 2% i5
B 21 ANl 92 T Swiss Target Prediction Al
Similarity Ensemble Approach ##f %, 43 141 4>
FECA BT 5o K FF 0B ST R S 4 L Bo]
IR IR LA A I RIS B, e 240849 3] 58
AMNLHE S, WE 5. KRR, 5iX 58 AN R
KN B BEAE Y 194, BIF lancerin. PH{H
IS A7E R B A1 8o S B 23 T R A G R
TETT PRI -] 2% 2 1 B 0 s ) ME A o o rh A

2 054
(42.6%)

El 4 HDEBERPT/RZERFERELFER
Fig. 4 Venn diagram of depression and Alzheimer’s

disease related targets
Al 20 MEREE R H 114, BWRASE
1 Rov AZRETH Rbyy ASZE 1 Re. AS T Rby.
A= AZ 21 Rbiw AZ 21T Ray PHAAILZ &
B A3 PEAFNEZEERE AS. PAREZERE Al
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Circles represent genes, and squares represent the chemical

components of Kaixinsan in table 1.

E5 FLEUEMR S SKBEAEXE
Fig. 5 Correlation diagram between active ingredients of

Kaixinsan and disease targets
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i B HEEA LR W)-32 48 (advanced glycation
end products-receptor for advanced glycation end
products, AGE-RAGE) 15 5@ % &K AKK 1%
A& (epidermal growth factor receptor, EGFR) {55
g, HE T S F-1 (hypoxia inducible factor-1,
HIF-1) {5 5l B% . M40 3 il i - 52 44 A0 HAE
(neuroactive ligand-receptor interaction) %55 .
4 g
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W&: %%, KH UPLC-Orbitrap-MS/MS $i AR X} rh 24
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Fig. 6 KEGG pathway analysis of Kaixinsan, depression, and Alzheimer’s disease
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HIF-1. #9521 M52 B 7 J (2 70 3 Jslis AL i
¥ (mitogen-activated protein kinases, MAPK)
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