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Abstract
Alzheimer’s disease (AD) is a serious neurodegenerative disease in aging populations with no effective method 

for the diagnosis or for the treatment. Although some physiological and pathological functional parameters have been 
studied, little knowledge about the changes of small metabolites in biofluids has been reported, which may result in 
poor diagnosis and treatment for AD. Ginsenoside Rg1 and Rb1, the pharmacologically active ingredients of ginseng, 
were known to have anti-AD effects, while, their mechanism remain unclear completely. This study was designed to 
explore globally metabolomic character of AD induced by Aβ1-42 in brain and the holistic efficacy of ginsenoside Rg1 
(GRg1) and ginsenoside Rb1 (GRb1) on AD. Morris water maze was performed to examine the behavioral changes in 
mice. Global metabolic profiling with UPLC/MS (ultra-high-performance liquid chromatography-mass spectrometry) 
and principal component analysis (PCA) were performed to discover differentiating metabolites. A total of 9 potential 
biomarkers were identified that were associated with the metabolism of lecithin, purine, and sphingolipids in AD mice. 
The peak intensities of lysophosphatidylcholine, dihydrosphingosine, hexadecasphinganine, phytosphingosine were 
lower, while that of hypoxanthine and ceremide were higher, in AD than in control mice. GRg1 and GRb1 treatment 
affected lecithin and sphingolipid pathways, while not purine metabolism. These results provide the first evidence of a 
link between metabolite imbalance and AD, and reveal a molecular basis for the therapeutic benefits of ginsenosides 
in AD treatment.
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Introduction
Alzheimer’s disease (AD) is among the most debilitating 

neurodegenerative diseases in aging populations, and is characterized 
by progressive memory loss and the impairment of behavioral, 
language, and visuospatial skills [1]. AD affects millions of people 
both in developed and developing countries and has become a major 
medical and social problem all over the world [2], while there is no 
effective method for its treatment to date. Thus, there is a critical need 
to identify agents that can prevent AD progression.

Ginseng, a key agent in traditional Chinese medicine, is widely 
used to improve memory and delay senescence. Currently, many in 
vivo and in vitro studies have shown its beneficial effects in aging, 
central nervous system (CNS) disorders, and neurodegenerative 
diseases, such as AD [3,4]. Ginsenosides Rg1 (GRg1) and Rb1 (GRb1) 
as the main pharmacologically active ingredients of ginseng have been 
proved in their effectiveness in AD prevention and treatment [5,6]. In 
addition, previous studies have demonstrated that they exert its effects 
on multiple sites of action like Regulation of neurite outgrowth [7], 
inhibition of Neuroinflammation [8], reducing the level of Aβ [9] and 
so on. To date, previous studies have mainly focused on the biochemical 
and pathological changes that occur in AD, while few studies have 
examined changes in metabolite profiles upon treatment with GRg1 
and GRb1, or examined how these agents affect metabolism.

Metabolomics, based on the comprehensive and simultaneous 
analyses of multiple metabolites in biological samples, demonstrates 
a great potential in health survey for the study of disease pathology, 
discovery of biomarkers and drug development since metabolites 
represent the end point of biological reactions, reflecting well the 
interactions between genes, proteins and the environment [10]. 
Thereby, several metabolomics studies have been performed in the last 
years for the investigation of AD [11]. Most of these studies have been 

performed in biofluids because of the difficult availability of human 
brain tissue. Thus, only a few preliminary studies have been previously 
reported in this subject [12-14], demonstrating the potential of this 
approach.

Rodents injected with Aβ1-42 have been used as a classical AD 
animal model for drug screening [15]. The administration of Aβ 
peptide induces memory loss [16], and acute injection of Aβ1-42 into 
the brain leads to dysfunction followed by neurodegeneration and also 
impairs learning and memory in a process similar to that observed in 
AD [17,18].

In this study, a metabolomics platform based on complementary 
analysis by reversed-phase ultra-high performance liquid 
chromatography-mass spectrometry (UPLC-MS) was used to 
investigate metabolic perturbations in the brain of AD mice and to 
investigate protective effects of GRg1 and GRb1. A principal component 
analysis (PCA) was carried out to estimate the changes in brain 
metabolite levels and identify highly sensitive and specific biomarkers 
for AD. All these studies would provide a theory and practice basis for 
the early diagnosis and treatment of AD.
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Materials and Methods
Reagents

GRg1 and GRb1 (purity ≥ 98%) were purchased from Shanghai 
Yuanye Bio-Technology Co. (Shanghai, China). High performance 
LC grade methanol and acetonitrile were purchased from Fisher 
Scientific (Bridgewater, NJ, USA). Water was purified by redistillation 
and filtration through a 0.22 µm membrane. Aβ1-42 peptide (Sigma, 
St. Louis, MO, USA) and analytical grade formic acid were from the 
Department of Pharmaceutics, Shenyang Pharmaceutical University 
(Shenyang, China).

Animals

Male 12 week old Kun Ming mice weighing 18-22 g were purchased 
from the Central Animal House of Shenyang Pharmaceutical University 
(Shenyang, China). Mice were housed five per cage under controlled 
conditions (temperature 20°C ± 2°C, relative humidity 55% ± 10%, 
12:12 h light/dark cycle with lights on from 07:00 to 19:00 h) with free 
access to food and water. Experiments were conducted in accordance 
with the regulations for animal experimentation issued by the State 
Committee of Science and Technology of China.

Aβ1–42 protein injection and drug administration

Mice were randomly divided into 9 groups (with 10 animals each): 
normal (no lesion, saline-treated), control (saline-lesioned, saline-
treated), AD (Aβ1-42-lesioned, saline-treated), GRg1 low dose (Aβ1-42-
lesioned, treated with GRg1 at 7.5 mg/kg/day), GRg1 moderate dose 
(Aβ1-42-lesioned, treated with GRg1 at 15 mg/kg/day), GRg1 high dose 
(Aβ1-42-lesioned, treated with GRg1 at 30 mg/kg/day), GRb1 low dose 
(Aβ1-42-lesioned, treated with GRb1 at 7.5 mg/kg/day), GRb1 moderate 
dose (Aβ1-42-lesioned, treated with GRb1 at 15 mg/kg/day), and GRb1 
high dose (Aβ1-42-lesioned, treated with GRb1 at 30 mg/kg/day).

Mice were anesthetized with chloral hydrate (200 mg/kg) and 
placed in a Kopf stereotaxis (David Kopf Instruments, Tujunga, CA, 
USA). Aggregated Aβ1-42 peptide (3 μl) was then unilaterally injected 
into the hippocampal region (anterior-posterior, -2.00 mm; medial-
lateral, 1.50 mm; dorsal-ventral, 1.0 mm) [19]. Mice in the control 
group were injected with saline. The Aβ1-42 peptide was dissolved and 
diluted in saline to a concentration of 10 mg/ml and incubated at 37°C 
for 5 days to obtain the fibrillized form of the peptide before injection. 
GRg1 and GRb1 were delivered by intraperitoneal injection once daily 
for 1 month, while mice in the control and AD groups received 0.2 ml 
saline.

Morris water maze test

Spatial learning and memory were tested with the Morris water 
maze test with minor modifications [20]. A circular water tank 
(diameter × height, 120 × 40 cm) was filled with water at 23 ± 1°C and 
divided into four equal quadrants. A submerged platform (diameter × 
height, 8 × 10 cm) painted black was centered in the fourth quadrant 
1 cm below the water surface. A camera placed 2 m above the center 
of the tank recorded escape latencies and path length during each trial. 
The Morris water maze test consisted of a place navigation test and 
a space exploration test. The place navigation test was performed two 
times per day for five consecutive days. The mice were trained to find 
and escape onto the platform. A different starting position for each 
mouse was used in each trial. For each individual mouse, the position 
of the platform was fixed during the entire experiment. The mice were 
allowed to swim freely to find the hidden platform within 60 s. Mice 

failed to find the location within the given time were gently guided to 
the platform and were allowed to stay on it for 10 s and then returned 
to the cage. The average escape latency, escape distance and swimming 
velocity of each mouse per day were calculated. On the day after the 
place navigation test, a spatial exploration test was conducted in which 
the platform was removed. The time spent swimming in the target 
quadrant (fourth) and the times crossing the platform location were 
measured for each mouse.

Sample collection and pretreatment

Mice were anesthetized with diethyl ether and brains were collected 
and weighed. 1.0 ml water was added to 0.1 g of brain tissue, and then 
the mixtures were homogenized in an ice bath. An aliquot of 600 μL 
of ice-cold methanol was then added to 150 μL aliquots of cerebral 
homogenate to precipitate protein, and the tubes was vortexed for 5 
min followed by centrifugation at 13,000 rpm for 10 min at 4°C. The 
supernatant was transferred to another tube and evaporated to dryness 
at 30°C under a gentle stream of nitrogen. The dried residue was then 
reconstituted in 100 μL of acetonitrile-water (2:98, v/v) and 5 µL of this 
solution was injected into the UPLC-MS/MS system.

Spectrum acquisition

LC was performed on a Waters Acquity UPLC system (Waters 
Corp., Milford, MA, USA). Chromatographic separation was achieved 
on a Waters bridged ethyl hybrid C18 column (50 × 2.1 mm, 1.7 
μm) maintained at 30°C. The auto-sampler was conditioned at 4°C 
and the injection volume was 5 ul. Gradient elution with a mobile 
phase composed of water and acetonitrile with 0.1% formic acid was 
performed as follows: 0 min 98% ~2%; 2 min 92% ~8%; 4 min 60% 
~40% ; 12 min % ~88%; 18 min 0% ~100%; 21 min 2% ~98% at a flow 
rate of 0.25 ml/min (Table 1).

Mass spectrometric detection was carried out on a triple 
quadrupole tandem mass spectrometer with an electrospray ionization 
(ESI) interface. The ESI source was set in positive mode. The following 
parameters were used: capillary voltage, 3.2 kV; cone voltage, 30 V; 
source temperature, 120°C; and desolvation temperature, 350°C. 
Nitrogen was used for desolvation and as cone gas at flow rates of 600 
and 50 l/h, respectively. Full scan mode was used in the mass range 
of 100-1000 amu. For MS/MS, argon was used as collision gas and 
collision energy was set according to metabolite composition. Data 
were collected in centroid mode. NaCsI was used for mass correction.

Data analysis

SPSS19 software was used to process the data of Morris water 
maze test parameters between groups by one-way analysis of variance 
(ANOVA) followed by Turkey multiple comparison tests. The results 
of the statistical analysis were expressed as mean ± standard deviation 
(mean ± SD). P<0.05 was considered to be significant difference for 
the test.

Raw data for sample were analyzed by Markerlynx within Masslynx 
software (version 4.1) for peak detection and alignment. The retention 
time and m/z data for each peak were determined by the software. 
All data were normalized to the summed total ion intensity per 
chromatogram. The main parameters of Markerlynx method were set 
as follows: The mass tolerance was set at 0.01 Da. The noise elimination 
level was set at 10.0. The initial and final retention time was set as 
0 and 16 min, and the high and low mass were 100 and 1000 amu, 
respectively.
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peak intensities and retention times for selected ions in pooled brain 
tissue samples were calculated. Precision of injection was evaluated by 
the continuous detection of six replicates of the same sample. Precision 
RSDs were from 5.2% to 13.8% for peak intensity and from 0.8% to 
2.4% for retention time. Six samples were prepared in parallel to 
minimize inter-sample variability. The method repeatability (RSD%) 
was 3.7%-14.0% for peak intensity and 0.8%-1.5% for retention time. 
The system stability, which was determined by injecting a quality 
control sample every five samples during the analysis, was 5.9%-
10.0% for peak intensity and 0.9%-3.2% for retention time. The post-
preparation stability of the sample was assessed by analyzing samples 
left in the autosampler at 4°C for 4, 8, 12, and 24 h. RSDs ranged from 
2.9%-11.2% for peak intensity and 0.6%-2.5% for retention time. The 
precision, repeatability, and stability indicated that this was a robust 
method for analyzing brain tissue samples.

Metabolite profiling analysis: Representative positive ion TIC 
chromatograms of typical brain tissue samples from control and AD 
mice are shown in Figure 1. A pattern recognition approach using 
PCA, a non-supervised multivariate data analytical method, was used 
to reveal clustering trends in the data. In the PCA score, each point 
represented an individual sample; the plot of PCA scores divided 
different samples into blocks, suggesting different metabolic profiles. 
Samples from the control and AD groups were clearly divided into two 
classes (Figure 2a), indicating that the AD was successfully reproduced 
by this model and that specific biomarkers could distinguish AD from 
control mice. In the PCA loading plots for AD and control mice, the 
distance of an ion from the origin represents its influence on PCA 
components (Figure 2b).

Biomarker identification: Ions in the plot were selected as 
putative biomarkers (Table 2), and were those with retention time-
m/z pairs of 0.79_136.5,6.58_274.5, 6.64_318.5, 8.55_302.1,7.37_454.0, 
10.1_496.5, 10.1_518.5, 10.1_544.5, 15.1_637.0. Biomarkers at m/z 
496.5, 518.5, 544.5 and were identified through comparisons to known 
retention times of standards and to the corresponding fragment 
from the product ion scan in positive mode. For instance, in the 
positive product ion scan for the biomarker at m/z 496 (Figure 3), the 
parent ion [M+H]+ contained three major fragments; those at m/z 
104 and 184.0 represented [HOCH2CH2N(CH3)3]

+ and [H2O3PO–
CH2CH2N(CH3)3]

+, respectively, providing head group information for 
phosphatidylcholines (PCs). Another major fragment at m/z 478 [M–
H2O+H]+ identified this marker as lyso PC C16:0. To evaluate changes 
in biomarker profiles, peak intensities of putative biomarkers of AD 
and control mice were compared (Figure 4). The peak intensities of 
lysophosphatidylcholine (LPC), and dihydrosphingosine were reduced 
and that of phenylalanine was elevated in the brain of AD as compared 
to control mice.

Identification of endogenous metabolites

Samples were analyzed and low molecular weight metabolites 
were represented as the chromatographic peaks in the total ion 
chromatograms (TIC). The collision induced dissociation (CID) 
experiment was implemented to get fragmentation patterns of these 
potential biomarkers. Some biomarkers were identified by comparing 
their chromatographic retention time and MS/MS fragmentation 
characteristics with the available authentic references. Furthermore, 
full scan mass spectra of these metabolites were interpreted using 
available biochemical databases, such as Kyoto Encyclopedia of Genes 
and Genomes database (http://www.genome.jp/kegg), the Human 
Metabolome Database (http://www.hmdb.ca/) and so on. Meanwhile, 
some biomarkers were identified by the retention time and the accurate 
mass number of Bruker’s ESI-QTOF-MS under the same liquid 
chromatography condition.

Results
GRg1 and GRb1 treatment improves Morris water maze test 
performance of AD mice

In the place navigation test, mice in the AD group took much more 
time to reach the platform on the last three training days compared 
to the control group (P<0.05). High doses of GRg1 or GRb1 reduced 
escape latency compared to the AD group on days 4 (P<0.05) and 5 
(P<0.01) (Table 1). In the spatial exploration test, mice in the AD group 
spent less time in the target quadrant than those in the control group 
(P<0.05), a trend that was reversed by treatment with high doses of 
GRg1 or GRb1. Furthermore, the number of platform crossings was 
significantly decreased in the AD than in the control group (P<0.05); 
however, mice treated with high doses of GRg1 and GRb1 showed 
higher frequencies of platform crossings compared to the AD group 
(P<0.05). There was no difference in swimming speed across groups 
(data not shown). These results indicated that ginsenoside treatment 
ameliorates cognitive deficits in AD mice.

Metabolite profiles in AD

Method development and validation: Quantitative information 
was obtained in the positive rather than the negative ion mode. 
Molecular ions [M+H]+ accounted for the majority of the mass 
spectrum. Extracted chromatographic peaks of seven ions were selected 
based on their chemical polarities and m/z values. The paired retention 
time m/z of these ions were as follows: 0.79 min_136.5,min 6.58_274.5, 
6.64 min _318.5, 8.55 min _302.1,7.37 min _454.0, 10.1 min _496.5, 10.1 
min _518.5, 10.1 min _544.5, 15.1 min _637.0, which were distributed 
in different regions of the spectrum and for which retention times were 
used for method validation. The relative standard deviations (RSDs) of 

Group(nGroup 
(n=10)

Dose/mg.kg-1 Escape latency/s Time in the target 
quadrant/s

Platform 
crossing 

times 1 2 3 4 5
Normal - 55.4 ± 11.2 40.0 ± 13.7 32.1 ± 7.1 24.6 ± 8.1 20.0 ± 8.0 24.2 ± 4.8 4.8 ± 1.3
Control - 59.3 ± 1.9 42.4 ± 124 35.1 ± 9.7 28.3 ± 12.0 22.8 ± 5.6 23.9 ± 2.7 4.2 ± 1.3

AD - 58.9 ± 3.2 53.3 ± 9.7 50.5 ± 11.0# 45.1 ± 12.2# 40.5 ± 9.3### 16.2 ± 3.0### 2.1 ± 0.8#

GRg1 L 7.5 58.7 ± 3.7 48.6 ± 9.4 45.8 ± 11.8 37.1 ± 10.4 31.9 ± 9.0 18.0 ± 3.0 3.2 ± 1.2
GRg1M 15.0 58.8 ± 3.5 46.6 ± 11.3 40.4 ± 9.3 33.4 ± 9.0 30.0 ± 7.0 18.9 ± 2.7 3.7 ± 1.6
GRg1 H 30.0 57.0 ± 9.2 46.6 ± 12.7 39.3 ± 9.8 30.1 ± 10.4* 26.2 ± 6.9** 21.7 ± 2.1** 4.0 ± 1.0*
GRb1 L 7.5 57.9 ± 6.4 49.0 ± 13.0 44.9 ± 11.9 38.6 ± 13.1 32.9 ± 7.8 18.8 ± 4.5 2.8 ± 1.0
GRb1M 15.0 56.9 ± 9.5 47.6 ± 12.4 42.0 ± 9.8 34.4 ± 9.0 29.8 ± 5.0 19.3 ± 2.1 3.6 ± 1.64
GRb1 H 30.0 55.9 ± 12.6 47.7 ± 11.4 41.3 ± 10.7 29.9 ± 4.6* 27.5 ± 8.2** 21.4 ± 3.3* 4.2 ± 1.0*

Table 1: Effects of GRg1and GRb1 on the performance of AD mice in the Morris water maze test.

http://www.genome.jp/kegg
http://www.hmdb.ca/ 
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compared to the AD group (P<0.05) (Figure 6a).

Treatment with GRb1 obtained similar findings. The PCA plots of 
the low and moderate dose groups were located close to and showed 
some degree of overlaps with that of the AD group, while the plot for the 
high dose group was far removed from that of AD animals, and showed 
a trend to approach to that of controls (Figure 5b). The peak intensity 
of phenylalanine was decreased, while those of phytosphingosine and 
LPCs (LPC C18:3, C13:0, C20:4, C16:0) were increased by treatment 
with a high dose of GRb1 compared to the AD group (P<0.05) (Figure 
6b). These results suggest that treatment with a high dose of GRg1 and 
GRb1 can protect the brain against metabolic alterations induced by 
Aβ1–42.

Discussion
In this study, a UPLC-MS/MS-based metabolomics method 

was used to investigate the therapeutic effects of GRg1 and GRb1 
on AD. The injection of Aβ1-42 protein fragments into the ventricle, 
hippocampus, or other brain regions has been reported to have an 
ability to impair learning and memory [21-23]; In the Morris water 
maze test, mice treated with high doses of GRg1 and GRb1 showed 
superior performance to those in the AD group, indicating that 
ginsenosides can partly restore cognitive function in the AD model.

Hypoxanthine as the principal purine nucleobase involved in the 
brain’s salvage purine pathway, belongs to purine compounds [24]. 
In purine pathway, it is generated to xanthine under the action of 
xanthine oxidase. In recent years, more and more studies have show 
that purine metabolic disorders are closely related to neurodegenerative 
diseases [25,26]. What’s more, an increasing level was observed in the 
hippocampus of AD patients and the reason account for it might due 
to the loss of purine A1 receptor. In this study, compared with that in 
control group mice, the peak intensity of Hypoxanthine in AD model 
mice was significantly increased, which was in line with the previous 
reports. However, the level of Hypoxanthine was not significantly 
decreased with the treatment of GRg1 a GRb1. The above showed that 
Hypoxanthine can be a reliable biomarker for diagnosing AD, while 
the therapeutically effect of GRg1 a GRb1 did little to purine pathway.

In this study, the level of LPCs was obviously decreased in the brain 
tissue of AD mice compared to the control mice consistent with the 
previous reports that a lower total LPC concentration was observed in 
brain, CSF and plasma of AD patients [27-29]. LPC is the degradation 
product of Phosphatidylcholine (PC), which is the major phospholipid 
of eukaryotic membranes representing approximately 40% of 
phospholipids in most cellular membranes [30]. Thus the significantly 
decreased LPCs indicated that a disorder of lecithin metabolism 
appeared in AD mice. The principal function of phospholipids is 
maintaining the normal integrity of cell membranes [31]. Therefore, the 
disorder of lecithin metabolism could mean a lesion of cell membranes, 
which is reported to greatly related to AD [32]. A significant increase 
of LPCs was observed in our study with the treatment of GRg1 and 
GRb1. Therefore, we can hypothesize that GRg1 and GRb1 presented 
protective effect on AD through modulating the disorder of choline-
containing phospholipids.

Dihydrosphingosine, hexadecasphinganine, phytosphingosine 
and ceremide are classified into sphingolipids. In our study, a decrease 
of dihydrosphingosine, hexadecasphinganine and phytosphingosine 
and a increase of ceremide in the brain of AD mice were observed 
compared with control mice, which is in accordance with the previous 
studies that there was a decrease of dihydrosphingosine in plasma of 

Figure 1: Typical positive TICs of representative brain tissue samples from (A) 
AD and (B) control animals.

Figure 2: (A) Score and (B) loading plots from the PCA of control and AD mice.

Figure 3: Product ion scan spectra of biomarkers in positive ion mode (m/z 
496.5).

GRg1 and GRb1 treatment alters metabolite profiles of AD 
mice 

According to the PCA score plots (Figure 5a) from processing 
dates of the control, AD, and GRg1- and GRb1-treated groups, samples 
from GRg1-treated groups were located in the middle of that from 
AD group and control group. The low dose group was located closely 
to AD group. In contrast, the high dose group was separated from 
the AD group and was closer to the controls, suggesting that GRg1 
treatment partly restored metabolites in AD mice to normal levels. 
Metabolites with altered levels were identified in the PCA loading 
plot; the peak intensity of ceremide was decreased, while those of, 
dihydrosphingosine, hexadecasphinganine, phytosphingosine, LPC 
C18:3, C13:0, C20:4, C16:0) were increased in the GRg1 high dose as 
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AD patient [29] and the level of ceramides was significantly increased 
in the plasma, serum and brain of AD patients [33-35]. Central nervous 
system contains large amounts of sphingolipids ; Their metabolites 
have important structural roles in cell membranes and function as 
second messengers for critical intra- and inter-cellular signaling 
affecting cellular growth, differentiation, proliferation, and apoptosis 
[36]. At high levels, Ceramides inhibit cell division, promote stress 
signaling cascades and induce apoptosis [37]. Ceramides are also 
intermediates linking inflammatory cytokines to insulin resistance 
and subclinical atherosclerosis, all of which are associated with 
an increased risk of AD [38-40]. These observations indicate that 
dihydrosphingosine, hexadecasphinganine, phytosphingosine and 
ceremide can be reliable biomarkers for diagnosing AD. The reasons 
underlying for it are not clear, but some studies have shown that 
dysregulation of sphingolipid metabolism results from a reduction 
in sphingosine kinase-1 and increase in sphingosine 1-phosphate 
lyase activities [41,42]. The treatment of high dose of GRg1 and GRb1 
can partly restore the disorder of sphingolipids metabolim with little 
difference that the level of dihydrosphingosine, hexadecasphinganine, 
phytosphingosine and ceremide was significantly altered in high-dose 
of GRg1 treated mice,while there was no significant change in the level 
of dihydrosphingosine, hexadecasphinganine in the GRb1 treated 
groups. The reason account for It was possibly due to their different 
chemical structures that GRg1 is protopanaxatriol with two sugars, 
while GRb1 is protopanaxadiol with four sugars [43].

Conclusion
In this study, a UPLC-MS based metabolomics approach was used 

to investigate changes in metabolite levels in the brain of AD mice 
following GRg1 and GRb1 treatment. A total of 9 metabolites including 
LPCs, hypoxanthine, dihydrosphingosine hexadecasphinganine, 
phytosphingosine and ceremide were identified in AD mice that 
are potential biomarkers for measuring the protective effects of 
GRg1 and GRb1, which likely regulate lecithin, and/or sphingolipid 
metabolism. These findings provide molecular evidence for the efficacy 
of ginsenosides as agents for the treatment of AD.
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