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Abstract: Senescence-accelerated mouse prone 8 (SAMP8) mice exhibit cognitive defects and neuron 
loss with aging, and are used to study anti-aging effects of Dendrobium nobile alkaloids (DNLA). 
SAMP8 mice were orally given DNLA from ages 6 to 10 months. At 10 months of age, behavioral 
tests and neuron damage were evaluated. Protein was extracted and subjected to phosphorylated 
proteomic analysis. The cognitive deficits and neuron loss in hippocampus and cortex of aged 
SAMP8 mice were improved by DNLA. Hippocampal proteomic analysis showed differentially ex-
pressed protein/genes in SAMP8 compared to age-matched senescence-accelerated resistant mice, 
including altered tubulin binding, microtubule binding, etc. via Gene Oncology. KEGG revealed 
endocytosis, mRNA surveillance, tight junction, protein processing in endoplasmic reticulum, al-
dosterone synthesis and secretion, and glucagon signaling pathway changes. Upregulated pro-
tein/genes in the hippocampus of SAMP8 mice, such as Lmtk3, Usp10, Dzip1, Csnk2b, and Rtn1, 
were attenuated by DNLA; whereas downregulated protein/genes, such as Kctd16, Psd3, Bsn, 
Atxn2l, and Kif1a, were rescued by DNLA. The aberrant protein/gene expressions of SAMP8 mice 
were correlated with transcriptome changes of Alzheimer’s disease in the GEO database, and were 
attenuated by DNLA. Thus, DNLA improved cognitive dysfunction and ameliorated neuronal in-
jury in aged SAMP8 mice, and attenuated aberrant protein/gene expressions.  
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1. Introduction 
The senescence-accelerated mouse model 8 (SAMP8) mice exhibit a number of clini-

cal manifestations of Alzheimer’s disease (AD), such as cognitive defects and neuron loss, 
and have been used as an animal model for age-related AD research [1-4]. Cognitive def-
icits deteriorate in SAMP8 mice with aging compared to age-matched senescence-acceler-
ated resistant mice 1 (SAMR1) mice [3]. Thus, aged SAMP8 mice and age-matched SAMR1 
mice are commonly used to study anti-aging mechanisms and anti-AD remedies [4].  

Dendrobium species, a class of famous Chinese medicines, have been used for age-
related diseases [5], including Alzheimer’s disease (AD) to improve the quality of life of 
the elderly. DNLA (Dendrobium nobile Lindl. alkaloids) has been demonstrated to alleviate 
age-related disorders [6] and have anti-AD effects [7]. Our previous studies have indicated 
that DNLA reduces hippocampal neuron loss and synaptic dysfunction induced by Aβ25-

35 in rats [8], in Aβ damaged hippocampal and cortical primary neurons [9-11]. Moreover, 
DNLA also improved the cognitive deficits in multiple Alzheimer’s disease models, in-
cluding the APP/PS1 double transgenic mice [12], lipopolysaccharide-induced dementia 
rats [13], and also in SAMP8 mice [14, 15].  
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To further explore the molecular mechanisms by which DNLA improves cognitive 
defects in aged SAMP8 mice, the current study used phosphorylated proteomic approach 
to examine hippocampal proteomic changes, a brain region responsive for cognitive func-
tion, with or without DNLA treatment for 4 months. The Y-maze and Open-field tests as 
well as Nissl strain were performed in conjunction with phosphorylated proteomic anal-
ysis, followed by compressive bioinformatics analysis and correlation analysis with tran-
scriptome changes of AD in accessible GEO database in the National Library of Medicine. 
The results clearly demonstrated the beneficial effects of DNLA against aged SAMP8 mice 
and identified several novel molecular targets for future studies.    

2. Materials and Methods 
2.1. Animals 

Male SAMP8 and SAMR1 mice (2-month-old) were purchased from Peking Univer-
sity (SCXK2016-0010) and maintained in accredited (SYXK 2014-003) SPF-grade animal 
room at Key Lab of Basic pharmacology of Zunyi Medical University. Drinking water and 
rodent chow were provided ad libitum with 50% humidity, 22 – 24 °C, and 8:00 am-8:00 
pm light/dark cycle. Animal experiment procedures complied with the Chinese Animal 
Care and Use Guidelines and the study protocol was approved by Institutional Animal 
Use and Care Committee with ethical number of [2020]2-142. 

2.2. Drugs 
DNLA was extracted from Dendrobium nobile Lindl., which has been verified in 

http://www.theplantlist.org. Dendrobium nobile Lindl. was from Xintian Pharmaceutical 
Ltd. (Chishui, Guizhou, China). The alkaloids were extracted and purified in our labora-
tory. The DNLA content was 79.8 % as detected by LC-MS, including Dendrobine-N-ox-
ide, Dendrobine, Dendroxine, Nobilonine, 6-Hydroxynobilonine and 13-Hydroxy-14-ox-
odendrobine as previously described[8, 9, 6]. Ultimately, DNLA were dissolved in Tween 
80 (1%) for oral administration.  

2.3. Experimental design  
Mice were randomly grouped to SAMR1 (genetic Control), SAMP8 (Model Control), 

SAMP8 plus DNLA 20 mg/kg, and SAMP8 plus DNLA 40 mg/kg groups. The dose selec-
tion of DNLA was chosen from our previous publications [14, 15]. DNLA treatment lasted 
for 4 months staring at the 6-momth-old of age, and Controls received normal saline. Be-
havioral tests were performed at 10-month of age. Mice were then euthanatized, and 
brains of three mice in each group were fixed for Nissl staining, and the hippocampus of 
another three mice were frozen at -80 °C for phosphorylated proteomic analysis.  

2.4. Behavioral tests 
The learning and memory ability of aged rats was tested by Y maze free alternating 

experiment with camera recording system (Topscan, CleverSys, Inc., Reston, VA, USA) 
[16]. The mice were free to explore the three arms of Y maze for 10 minutes and the order 
of arm entries and corrected entries were recorded as described previously [14].  

The locomotor activity was tested by Open-field experiment [17]. Total distance the 
mice traveled between the central and peripheral regions were recorded as described pre-
viously [15]. 

2.5. Nissl staining             
Paraformaldehyde (4%) was used to fix the brain. Then the mouse brains were em-

bedded in paraffin, and cut into 5 μm thick sections for Nissl staining. The paraffin-em-
bedded sections were deparaffinized and rehydrated in xylene and gradient alcohol solu-
tions, and washed in PBS. Nissl staining solution (Solarbio, Beijing, China) was used to 
stain Nissl bodies.  Nissl bodies in the hippocampal CA1 region and prefrontal cortex 
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were examined under light microscope (Leica Microsystems Ltd., Wetzlar, Germany) and 
quantified with Image J as described previously [14, 15]. 

2.6. Protein phosphorylation analysis 
Since DNLA 20 mg/kg was effective as DNLA 40 mg/kg, the DNLA 20 mg/kg group 

was selected for proteomic analysis. Cold homogenization buffer (8 M urea in PBS, 1 × 
protease and phosphatase inhibitor G) was used to lyse the hippocampal tissues, followed 
by sonication for protein extraction. Lysates were centrifuged (12000 g, 4 °C, 20 min) and 
protein content in the supernatant was determined by BCA protein assay kit (Thermo 
Fisher, Durham, NC, USA).  Proteins were incubated with 10 mM dithiothreitol (30 min, 
55 °C), then incubated with iodoacetamide (25 mM, 1 h) and then diluted with PBS to 
reach a final urea concentration with 1.0 M and digested with trypsin (1:100 w/w for 14 h 
at 37 °C). After digestion, peptides were adjusted to acidic pH 1-2 with 1% formic acid 
(FA) and centrifuged (12000 g, 15 min) to collect the supernatant, and then desalted with 
an inverting column (Oasis HLB, Waters, USA), dried in a vacuum centrifuge and dis-
solved in triethylammonium bicarbonate buffer (TEAB, 200 mM, pH 8.5) for TiO2 enrich-
ment or Tandem Mass Tag (TMT) labeling [18]. 

2.7. GO and KEGG analysis 
The Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 

were performed with DAVID online database (https://david.ncifcrf.gov/). GO and KEGG 
pathway enrichment analysis were used to reflect the biological process, molecular func-
tion, cellular component, and enriched pathways of aged SAMP8 mouse brain. Results 
were displayed in a bubble chart, the smaller the p value the higher the degree of enrich-
ment; the larger the count the more genes are enriched.  

2.8. Differentially expressed protein/genes analysis 
The criteria for differentially expressed protein/genes were set at p < 0.05 and > 1.2-

fold change, as compared to SAMR1 control mice. Hierarchical complete linkage was per-
formed with Gene Cluster version 3.0 (https://cluster 2. software.informer.com/3.0/), and 
visualized with TreeView version 1.6 (https://treeview.software.informer.com/1.6/) as 2D-
heatmap.  

2.9. Correlation Engine analysis with the GEO database 
Differentially expressed protein/genes from SAMP8 mice vs SAMR1 control mice 

were imported into Illumina BaseSpace Correlation Engine (BSCE) for curated studies 
with biosets in Gene Expression Omnibus (GEO) database, using -log(p-value) methods 
[19]. The larger the -log(p-value), the higher degree of similarity. 

2.10. Statistical analysis 
Phosphorylated proteomic data were initially analyzed by the company (Swiss PRO 

Bio-tech Co., LTD, Shanghai, China) with the criteria of p < 0.05 and fold change > 1.2, 
followed by bioinformatics analysis. The behavioral tests and Nissl counting data were 
analyzed by statistics software SPSS 20.0. The one-way analysis of variance (ANOVA) and 
Bonferroni test were used to analyze the behavioral tests and Nissl counting. The values 
were expressed as mean ± SD. The significant criteria was set at p <0.05.  

3. Results 
3.1. DNLA improved cognitive functions 

The experimental design is shown below (Fig. 1A). The short-term spatial working 
memory was evaluated by Y-maze spontaneous alternation test (Fig. 1B) and locomotor 
activity by Open-field test (Fig. 1C). Compared with the SAMR1 mice, the short-term spa-
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tial working memory of 10-month-old SAMP8 mice decreased significantly (p < 0.05). For-
tunately, the short-term spatial working memory was obviously improved after 4 months 
of DNLA treatment (20 and 40 mg/kg) (Fig. 1B). The result of Open-field test showed that 
total travel distance between the central region and peripheral region of 10-month-old 
SAMP8 mice was significantly decreased compared with SAMR1 mice. After continuous 
4 months treatment with DNLA (20 and 40 mg/kg), the decreases in total distance of 
SAMP8 mice was reversed. 

 
Figure 1. The effects of DNLA on spatial working memory and locomotor impairment in SAMP8 
mice. A. Schematic diagram of experimental progress. B. The correct rate of Y-maze spontaneous 
alternation. C. The total distance traveled by the mouse from the central and peripheral regions of 
Open-field test Data are Mean ± SD of n=10, *p < 0.05 vs SAMR1 mice, #p < 0.05 vs SAMP8 mice. 

3.2. DNLA ameliorated neuron lesions in the brain of SAMP8 mice 
The morphology of neurons in the hippocampal CA1 region and prefrontal cortex 

were examined by Nissl staining. In SAMR1 control mice, granule neurons exhibited 
round nuclei, which were located in the center of the perikaryon and surrounded by a 
pale cytoplasm. A significant loss of Nissl-stained neurons and vacuoles were observed 
in the 10-month-old SAMP8 mice. Luckily, Nissl-stained neurons in the CA1 region of 
hippocampus and prefrontal cortex were increased after four months of treatment with 
two doses of DNLA (20 and 40 mg/kg), compared with those in the SAMP8 group (p < 
0.05). 
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Figure 2. The effects of DNLA on Nissl staining of the hippocampus and prefrontal cortex of SAMP8 mice. A. Nissl bodies in 
the hippocampal CA1 region (magnification 200×, scale bar=50 μm); B. Quantitation of Nissl bodies in the hippocampal CA1 
region; C. Nissl bodies in the prefrontal cortex (magnification 200×, scale bar=50 μm); D. Quantitation of Nissl bodies in the 

prefrontal cortex. Data are Mean ± SD of n=3, *p < 0.05 vs SAMR1 mice, #p < 0.05 vs SAMP8 mice. 

3.3. DNLA alleviated differentially expressed protein/genes.  
Proteomics data were obtained by preprocessing LC-MS/MS based on ion intensity 

and spectral count. Volcano plot displays differentially expressed phosphorylated pro-
teins in the hippocampus of SAMR1, SAMP8, and SAMP8 mice received DNLA (20 
mg/kg) treatment, respectively (Figure 3A). In SAMP8 vs SAMR1, there were 14395 reads, 
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8853 quant protein/genes, 2978 after A-Score filter, and 196 differentially expressed pro-
tein/genes (p < 0.05 and 1.2 fold cut) were finally identified. In SAMP8+DNLA vs SAMR1, 
there were 13652 reads, 6859 quant protein/genes, 3098 after A-Score filter, and 242 differ-
entially expressed protein/genes were finally identified. In SAMP8+DNLA vs SAMP8, 
there were 13289 reads, 8123 quant protein/genes, 3209 after A-Score filter, and 38 differ-
entially expressed protein/genes were finally identified. Compared with SAMR1 control 
group, SAMP8 had 46 phosphorylated proteins upregulated and 150 phosphorylated pro-
teins downregulated (Figure 3B). In the SAMP8+DNLA-treated mice, 55 phosphorylated 
proteins were upregulated and 187 phosphorylated proteins were downregulated as com-
pared to SAMR1 control mice. When SAMP8+DNLA group compared to SAMP8 group, 
13 increased and 25 decreased.  

 
Figure 3. Differentially expressed phosphorylated proteins following treatment with DNLA in 
hippocampus of SAMP8 mice.  A. Volcano scatter plots of log2 fold change (X-axis) against -log2 
fold change (Y-axis) of all quantified phosphorylated proteins. Upregulated phosphorylated pro-
teins are colored red, and downregulated proteins are colored blue. The differentially expressed 
phosphorylated proteins among groups could be visualized. B. Differentially expressed phosphor-
ylated proteins compared to SAMR1 control, and DNLA treatment compared to SAMP8 mice. 

3.4. GO and KEGG analysis  
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes database 

(KEGG) analysis were conducted to better understand the biological function of differen-
tially expressed phosphorylated proteins/genes in SAMP8 mice vs SAMAR1 mice. The 
top 20 of GO enriched biological processes (Fig. 4A) indicated that the biological processes 
of the phosphorylated proteins/genes were mainly involved in tubulin binding, microtu-
bule binding and actin binding etc. The KEGG enriched signaling pathways involved in 
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endocytosis, mRNA surveillance pathway, tight junction, and protein processing in endo-
plasmic reticulum, aldosterone synthesis and secretion, and glucagon signaling pathway 
(Fig. 4B). 

 
Figure 4. GO and KEGG analysis. A. GO analysis shows biological processes. B. KEGG shows sig-
naling pathways. The size of the points in the figure represents the number of annotated phosphor-
ylated proteins/genes, the color of the points in the figure represents the enrichment significance of 
the functional pathway with GeneRatio. 

3.5. Differentially phosphorylated proteins/genes analysis 
Differentially expressed phosphorylated protein/genes (DEP/DEGs) were analyzed 

under the criteria of p < 0.05, 1.2-fold cut. Figure 5 shows 2-D clustering heatmap with up-
regulation in red and down-regulation in blue. Some selected clusters were arrow indi-
cated for examples. The entire 298 list of 2-D clustering analysis with gene name annota-
tion is provided as Supplementary Table 1. 
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Figure 5. Two-dimensional clustering analysis. The differentially expressed phosphorylated proteins/genes in SAMP8 vs SAMR1, 
SAMP8+DNLA vs SAMR1, SAMP8+DNLA vs SAMP8 groups were clustered. Red indicates upregulation and blue indicates 

downregulation. Some clusters unique to SAMP8, and/or SAMP8+DNLA were indicated by arrows. 

3.6. Heatmap of top 30 altered phosphorylated protein/genes 
The selected 30 differentially expressed protein/genes are shown in Figure 6 in a fash-

ion of “Gene_Protein_Peptide”. It is obvious that DNLA treatment attenuated aberrant 
protein/gene expressions in SAMP8 mice. Compared to SAMR1 control, overexpressions 
of Lmtk3 (140-fold), Dzip1 (100-fold), Csnk2b (70-90-fold), and Rnt1 (60-fold) in SAMP8 
mice were not seen after DNLA treatment, and overexpressions of Usp10 (139 to 110), 
Stmn1 (27 to 21), and Ankrd34a (10.8 to 8.7) were attenuated by DNLA. The dramatic 
downregulation of Kctd16 (-45-fold), Psd3 (-40-fold), and Bsn (-24-fold) in SAMP8 mice 
were not seen after DNLA treatment. The significant downregulation of Atxn2l, Kif1a, 
Kif21a, Srrm2, Gpsm1, Nudc, and Mbp (-6 to -7 fold) in SAMP8 mice were prevented by 
DNLA. It should be mentioned that there were two peptides of Csnk2b, and both were 
increased 70-90 fold; and there were two peptides of Tbc1d24, one was increased 8.2-fold, 
and another was decreased -10-fold. When SAMP8+DNLA was compared with SAMP8, 
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only 3 decreased, opposite to SAMP8 (Lmtk3, -2 fold; Dzip, -2.7 fold; Herc1, -5.2 fold) and 
one slightly increased (Rtn1, 7 fold).   

 

Figure 6. Heatmap of top 30 altered phosphorylated protein/genes. The differentially expressed protein/genes among SAMP8 vs 
SAMR1, SAMP8+DNLA vs SAMR1, SAMP8+DNLA vs SAMP8 groups in a fashion of “Gene_Protein_Peptide”. Based on fold-

changes with upregulation in red and downregulation in blue.  

3.7. Correlation with the GEO database 
The DEP/DEGs were imported into Illumina BaseSpace Correlation Engine (BSCE) 

for curated studies with the GEO database. The biosets were filtered by “rat, mice and 
human”, “RNA expression” and “Alzheimer’s disease”, and the -log (p-values) were cal-
culated to compare with the GEO database. The 10 GSE databases related to Alzheimer’s 
disease were selected based on SAMP8 vs Controls (Figure 7). DNLA treatment attenu-
ated the –log(p values) (lighter color in the heatmap), suggesting that DNLA ameliorate 
the aberrant gene expression from aged SAMP8 mice.  
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Figure 7. Correlation with the GEO database analysis. The differentially expressed protein/genes among SAMP8 vs SAMR1, 
SAMP8+DNLA vs SAMR1, SAMP8+DNLA vs SAMP8 groups were imported into Illumina Correlation Engine to compare the GEO 
database using –log(p-value) with upregulation in red and downregulation in blue. The correlations were in the format of the GSE 

number_Study name in the GEO database.  

4. Discussion 
The present study clearly showed that 4 months of DNLA treatment effectively ame-

liorated age-accelerated cognitive impairment and neuron loss in aged SAMP8 mice. 
Phosphorylated proteomics revealed differentially expressed protein/genes in the hippo-
campus of SAMP8 mice. GO and KEGG enrichments revealed the major molecular events 
and signaling pathways. DNLA ameliorated aberrant protein/gene expression patterns as 
evidenced by 2-dimentional clustering analysis and by top 30 altered protein/gene expres-
sion comparisons. Proteomics changes in the hippocampus of SAMP8 mice were corre-
lated with transcriptome changes of Alzheimer’s disease in the GEO database, such cor-
relations (–log (p-values) were attenuated by DNLA. Overall, this study demonstrated 
neuroprotective effects of DNLA, but also revealed novel molecular targets through pro-
teomic analysis.  

4.1. DNLA improved behavioral impairments and neuron damage in SAMP8 mice 
Age-related deficits in cognitive function are the major manifestations in aged 

SAMP8 mice [4], as evidenced by Y-maze test [14] and Open-field test [15]. DNLA treat-
ment for 4 months clearly increased the correctness of spontaneous alternation in Y-maze 
and the travel distance and central entry in Open-field tests. DNLA also improved rotarod 
activity in aged SAMP8 mice [15] and improved learning and memory of APP/PS1 mice 
in Morris water maze tests [12]. Thus, DNLA could improve age-related cognitive impair-
ment. 

Hippocampal CA1 region is important for cognitive functions，neuronal loss and 
morphological changes occur in the hippocampus and prefrontal cortex of SAMP8 mice 
[20]. Neuron loss in hippocampus CA1 region and cortex are evident in aged SAMP8 mice, 
causing impaired learning and memory [21]. This study confirmed that aged SAMP8 mice 
had neuron loss in these brain regions, which were ameliorated after DNLA treatment, 
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confirming the beneficial effects of DNLA against aging-accelerated neuronal degenera-
tion in SAMP8 mice [14, 15]. 

4.2. Aged SAMP8 mouse hippocampus showed differential protein/gene expression 
Compared to SAMR1 mice, the hippocampus of SAMP8 mice had 196 differentially 

expressed protein/genes, and the top GO enriched biological processes and KEGG en-
riched pathways were identified as the first step to analyze differentially expressed pro-
tein/genes, a strategy used in our recent publication [22]. Using cDNA microarray, the 
differentially expressed genes were identified in aged SAMP8 mice as compared to 2 
month-old SAMP8 mice and SAMR1 mice [23]. A number of aberrant gene and protein 
expressions in the brain of SAMP8 mice have been reviewed [1], and the current study 
further outlined the 2D-cluster to help our understanding of the differences among 
SAMP8, SAMR1, and DNLA treatment groups. The top 30 protein/genes were selected 
for discussion below.  

4.3. Upregulated protein/genes in aged SAMP8 mice and effects of DNLA 
Based on SAMP8 vs SAMAR1 control, there were 14 upregulated protein/genes (6-

100+ fold), which were alleviated by 4-month of DNLA treatment. The LMTK family of 
kinases (Lmtk1-3) is important in cell physiology and pathogenesis, and imbalanced 
LMTK levels are implicated in neurodegenerative diseases [24]. DNLA prevented the up-
regulation of Lmtk3 in SAMP8 mice. The ubiquitin-specific protease 10 (Usp10) is a critical 
factor for the formation of Tau/TIA1/USP10-positive SGs in Alzheimer’s brain [25]. Usp10 
was increased 140-fold in the SAMP8 mice, which was attenuated by DNLA to 110-fold. 
Increased expression of dZip1 (Zn transporter) was found in the brains of Aβ42-expressing 
flies, and genetic inhibition dZip1 ameliorated Aβ pathology and improved cognitive per-
formance [26]. Fortunately, the upregulation of dZip1 was abolished by DNLA. Casein 
kinase 2 beta (Csnk2b) is identified as a new gene for neurodevelopmental disorders [27]. 
Two peptides of Csnk2b were increased 70-90 fold in the hippocampus of SAMP8 mice, 
and DNLA prevented such increases. Reticulon protein 1 (Rtn1) is localized in dendrites 
and plays a role in the formation of senile plaques in Alzheimer's brains [28], and the 
upregulation of Rtn1 was suppressed by DNLA. Stathmin1 (Stmn1) expression is associ-
ated with aging and Alzheimer’s disease [29]. Overexpression of Stmn1 (27-fold) was at-
tenuated by DNLA (20-fold). F-box protein 41 (Fbxo41) targets centrosomes to regulate 
neuronal cilia structure and signaling capacity playing roles in brain development and 
diseases [30]. Overexpression of Fbxo41 was prevented by DNLA. TBC1 domain family 
member 24 (Tdc1d24) regulates the maintenance of excitatory synapses and animal be-
haviors [31]. In this study one peptide of Tdc1d24 increased 8-fold, which was attenuated 
by DNLA to 7-fold; and another peptide was decreased -10-fold that was ameliorated to -
2.3-fold by DNLA. Protein kinase C and casein kinase substrate in neurons 1 (Pacsin1) 
regulates synapse function and interacts with microtubule-associated protein Tau in neu-
rodegenerative diseases [32]. Overexpression of Pacsin1 (5.9-fold) was prevented by 
DNLA. HECT and RLD domain containing E3 ubiquitin protein ligase family member 1 
(Herc1) is required for hippocampal learning and memory by regulating synaptic activity 
[33]. DNLA inhibited the upregulation of Herc1. Overall, these overexpressed pro-
tein/genes in SAMP8 mice were prevented or attenuated following DNLA treatment. 

4.4. Downregulated protein/genes in aged SAMP8 mice and effects of DNLA   
There were 16 downregulated protein/genes (-6 to -45 fold) in SAMP8 mouse brain. 

The dramatic downregulations were potassium channel tetramerization domain contain-
ing 16 (Kctd16, -45-fold), pleckstrin and Sec7 domain containing 3 (Psd3, -40-fold), and 
bassoon presynaptic cytomatrix protein (Bsn, -24-fold). Kctd16 interacts with amyloid β 
precursor protein in Alzheimer’s disease [34]; Psd3 is identified as one of hippocampal 
genes for amyloid-beta formation in Alzheimer’s disease [35]; Bsn exhibits an early-up, 
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late-down expression pattern at pathologic stages of Alzheimer's disease [36]. DNLA pre-
vented the downregulation of these protein/genes. Ataxin 2 like (Atxn2l) deletion resulted 
in embryonic death, and implicated in neurodegenerative diseases [37]. Atxn2l was down-
regulated -7.5-fold, but was prevented by DNLA. Kinesin family member 1A (Kif1a) and 
kinesin family member 21A (Kif21a) are involved in hippocampal synaptogenesis, axonal 
transport and selective somatodendritic endocytosis and learning enhancement [38, 39]. 
Both were decreased -7-fold, while no changes were evident after DNLA treatment. Ser-
ine/arginine repetitive matrix 2 (Srrm2) is mislocalized in cytoplasmic lesions of Alz-
heimer’s brain and associated with tauopathy [40]. Srrm2 was decreased -6.5-fold, while 
no changes after DNLA. G protein signaling modulator 1 (Gpsm1, AGS3) plays roles in 
G-protein signaling and drug addiction [41]; Nuclear distribution C, dynein complex reg-
ulator (Nudc) protein family plays roles in inhibiting the aggregation of several target 
proteins [42]. Gpsm1 and Nudc were decreased -6.3-fold, while unaltered after DNLA. 
Myelin basic protein (Mbp) is a marker for myelin damage. In 3 × Tg-AD mouse model, 
icariin treatment improved the learning and memory, reduced Aβ deposition and tau pro-
tein phosphorylation in the hippocampus, while increased myelin-related gene expres-
sion including Mbp with reduced myelin damage [43]. Mbp was reduced -6.1-fold, while 
no change was observed after DNLA. Tau tubulin kinase 1 (Ttbk1) is complexed with 
microtubule-associated protein tau (MAPT) and is involved in the progression of Alzhei-
mer's disease [44]. The expression of Ttbk1 was decreased -6.1-fold, but attenuated to -4.6-
fold by DNLA. Overall, these downregulated protein/genes in SAMP8 mice were pre-
vented or rescued following DNLA treatment. 

4.5. Correlation analysis with Alzheimer’s disease database  
The differentially expressed protein/genes were further correlated with 5 other ge-

nomic studies of Alzheimer’s disease in the GEO database. Microarray analysis of the as-
trocyte transcriptome in the aging brain in Alzheimer’s patients (GSE29652) [45] gener-
ated a -log(p-value) of 3.40 with SAMP8 mice and decreased to 1.07 after 4-month of 
DNLA treatment; The transcriptome analysis of probable asymptomatic vs symptomatic 
Alzheimer brains (GSE118553) [46] produced a -log(p-value) of 3.30 with SAMP8 and it 
was slightly decreased to 3.09 by DNLA; The Superior Temporal Gyrus of patients with 
definite Alzheimer’s disease (GSE84422) [47] generated a -log(p-value) of 3.30 with 
SAMP8 and decreased to 1.70 after DNLA; A genome-wide gene-expression analysis of 
transgenic mice during the development of amyloid or tau pathology in the hippocampus 
revealed that the 72-week old mice (GSE64398) [48] produced a -log(p-value) of 2.85 with 
SAMP8 and it was decreased to 1.04 by DNLA; However, the 16-week old mice in the 
same dataset showed negative correlation. Expression of diabetes-related genes in Alzhei-
mer's disease brains in the Hisayama study (GSE 36980) [49] generated a -log(p-value) of 
2.70 with SAMP8 and it was decreased to 1.14 after DNLA. Overall, the age-related tran-
scriptome profiles associated with Alzheimer’s disease were correlated well with brain 
proteomics of SAMP8 mice in the present study, and such correlations were attenuated 
after 4-month of DNLA treatment, supporting the protective role of DNLA to ameliorate 
age-related changes in SAMP8 mouse hippocampus.  

5. Conclusions 
This study clearly showed that 4-month of DNLA treatment improved cognitive im-

pairments and neuron damage in aged SAMP8 mice. Phosphorylated proteomic analysis 
of hippocampal tissues of SAMP8 mice revealed aberrant protein/gene expressions re-
lated to several molecular targets and signaling pathways. The 2-dimentional clustering 
analysis revealed that DNLA ameliorated aberrant protein/gene expression patterns. 
DNLA prevented or attenuated selected aberrant protein/gene expressions. This proteo-
mic analysis was correlated with the GEO database of genomic changes in Alzheimer’s 
disease and further confirmed beneficial effects of DNLA.  
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