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Abstract: Panax ginseng, a venerable herb in traditional Chinese medicine, boasts a rich history of
usage in the treatment of dementia, particularly in its various manifestations. However, despite its
long-standing popularity and empirical evidence of effectiveness, the precise mechanisms underlying
its therapeutic actions have remained elusive. Currently, research on pharmacodynamic components
and mechanisms predominantly utilizes serum pharmacology and metabolomics research methods
that are based on liquid chromatography-mass spectrometry technology. However, these methods are

unable to capture the spatial distribution information of relevant substances, leading to a lack of
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comprehensive understanding of the pharmacodynamic components and their underlying
mechanisms. To bridge this gap in knowledge, a method of spatial metabolomics and air flow assisted
desorption electrospray ionization mass spectrometry imaging (AFADESI-MSI), was used to delve
into the molecular mechanisms of Panax ginseng in treating Alzheimer’s disease (AD). The
pharmacodynamic results demonstrated that Panax ginseng extract can significantly improve the state
of brain pathological damage and spatial learning memory ability in AD model rats. This finding
highlights the potential of ginseng as a therapeutic agent in AD management. Furthermore, the
metabolomics analysis revealed that Panax ginseng modulates the levels of 19 biomarkers that are
intricately linked to AD. These biomarkers span across 8 key metabolic pathways, including arginine
and proline metabolism, purine metabolism, the tricarboxylic acid (TCA) cycle, and fatty acid
metabolism. These pathways are essential for maintaining neuronal health and function, and their
dysregulation is often associated with the pathogenesis of AD. Importantly, the study identified 7
active ginseng constituents that accumulate in brain tissue. These compounds work in a holistic
manner to treat AD by modulating metabolites related to neuroinflammation, neuronal damage,
energy deficits, and abnormal fatty acid metabolism. The comprehensive approach suggests that
Panax ginseng may offer a multifaceted therapeutic strategy for AD. The unique capabilities of mass
spectrometry imaging allow to analyze the spatial distribution of both endogenous and exogenous
substances in parallel. This correspondence not only provides a deeper understanding of the specific
effects of drug components, but also sheds light on how these components interact with the body’s
endogenous metabolic networks to exert their therapeutic effects. In conclusion, the study provides
new light on the mechanisms of action of Panax ginseng in treating AD and paves the way for future
research and clinical applications of the ancient herb.
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the platform area in the place navigation test
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Table 1 Identification results and trends of biomarker
BT iy TR T IR A% Variation trend
Ion mode Metabolite Molecular formula ~ Additive ion ~ Measured value (m/z) AD RT
ESI' p-RAET R CH,NO, [M+H] 104.0706 1 1
IR C,H,;NO [M+H] 104.1069 W T*
itz C,H,N;0, [M+H]" 132.0767 i 1*
LB T C,H,N;0 [M+Na]" 136.0481 1 1
AL C,H,;NO, [M+H]" 162.1125 i 1=
Kl CoHy6N, [M+H]" 203.2230 17 1*
5-L- A A iR CHN,O,S [M+H]" 255.0631 W
L CoH};N,O5 [M+Na]" 307.0440 1 —
BENS LN R(34:1) C,,H;NOGP [M-+H]" 760.5854 " P
WENEEE 2 BRI (P-38:6) C,H,,NO,P [M+Na]' 770.5107 1% **
WS NE(36:2) CsHyNOP [M+H] 786.6016 " i
WENS AR B (36:1) C4,HgNOP [M+H]" 788.6167 M o
WEHEmEALTH(38:4) C4He:NOGP [M+H] 810.6004 1 o
B NRTHEAE G (40:6) CsHyNOGP [M+H] 834.5974 W P
ESI” BN CH,N,0, [M-H] 152.0334 1 ¥
N-ZP-LRA 5% CH,NO; [M-H] 175.0481 1 1%
RN CHO, [M-H]" 176.0321 I P
FrEEIR CH,0, [M—H] 192.0270 1 o
JRHe CoH,,N,0, [M-H] 244.0695 1 1
6 DU R CyoH3,0, [M—H] 304.2402 1 —
s Rt 1A o1 C,,H,,0, [M-HT 328.2402 I
ISR VA A R CoH,:N:O,P [M-H] 347.0631 V e
WU TR C,oH;3N,O4P [M-H] 348.0471 1" o

1 5SOMLL, fp<<0.05, “p<<0.01; SADIL, p<<0.05, "p<<0.01
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Table 2 Mass spectrometry information and blood entry composition of ginsenoside
Fe g s i) 53 bk T SENME AR R YR
No. Retention time/min Molecular formula Neutral mass/u Measured value (m/z) Relative error/x10™°  Identification result
1 19.11 C,HgO15 932.5344 977.5342 1.6 =LEHR,
2 27.14 CipH;0), 766.4867 811.4835 -14 (20E)- AZ I HF,
3 27.17 CypH,0,, 766.4867 811.4878 2.8 AS 1R
4 27.39 CssHoy O 1194.6033 1239.6081 6.5 N _Pk- A2 1R,
5 27.69 CipH,0,5 784.4972 783.4898 -0.2 NS 1HRg,
6 28.00 CyH,0y5 770.4816 769.4778 35 NS BT,
7 28.15 Cs;HOny 1122.5822 1167.5845 4.1 PSRRIV
8 28.51 CipH700), 766.4867 811.4861 12 NS 1 Rgs
9 37.47 Ce2H04054 1232.6917 1231.6867 23 TS AT
10 38.17 CpH,,0,, 800.4922 845.4827 -1 NS BHRE
11 39.34 Cs5Hg,0,, 1032.5505 1031.5467 3.5 N _Bi-AZS AR
12 39.96 CyHgO0 948.5293 947.5304 8.3 WFS1HF;
13 39.97 Cs,HgO)s 1014.5763 1059.5710 -3.5 PSR
14 40.70 Cs;Hy 0 1108.6029 1153.5984 -2.8 AZ AR,
15 41.96 CyHyO4 948.5293 947.5219 -0.2 R 2 AR
16 .14 CHgOy5 916.5395 915.5309 -1.4 MHAS BTN
17 44.41 CssHy,04 1150.6135 1149.6065 0.3 PUFES AR,
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Fig. 11 Spatial distribution of ginsenosides in rat brain tissues
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