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Abstract:    Objectives: The aim of the study is to evaluate the cognitive-enhancing effects of hydrolysate of polyga-
lasaponin (HPS) on senescence accelerate mouse P8 (SAMP8) mice, an effective Alzheimer’s disease (AD) model, 
and to research the relevant mechanisms. Methods: The cognitive-enhancing effects of HPS on SAMP8 mice were 
assessed using Morris water maze (MWM) and step-through passive avoidance tests. Then N-methyl-D-aspartate 
(NMDA) receptor subunit expression for both the cortex and hippocampus of mice was observed using Western blot-
ting. Results: HPS (25 and 50 mg/kg) improved the escape rate and decreased the escape latency and time spent in 
the target quadrant for the SAMP8 mice in the MWM after oral administration of HPS for 10 d. Moreover, it decreased 
error times in the passive avoidance tests. Western blotting showed that HPS was able to reverse the levels of 
NMDAR1 and NMDAR2B expression in the cortex or hippocampus of model mice. Conclusions: The present study 
suggested that HPS can improve cognitive deficits in SAMP8 mice, and this mechanism might be associated with 
NMDA receptor (NMDAR)-related pathways. 
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1  Introduction 
 

Alzheimer’s disease (AD), a progressive neuro-
degenerative disorder, is one of the most common 
forms of dementia in the aged population (Blennow  
et al., 2006; Pike et al., 2006). The global prevalence 
of dementia is estimated to be more than 24 million, 

and is predicted to double every 20 years through to 
2040 (Reitz et al., 2011). The main symptom of AD is 
cognitive impairment, which places a burden on pa-
tients and their families (Beal, 1995). Thus it is ex-
tremely important to search for treatments which 
could prevent or retard AD-related cognitive deficit. 
The amyloid cascade hypothesis is a genetic model 
which postulates that AD is due to an imbalance in the 
generation and clearance of amyloid-β (Aβ). This has 
been well accepted during the past few decades, but 
has led to only a few effective therapies, which pro-
vide symptomatic improvement alone and do less to 
prevent neurodegeneration (Misra and Medhi, 2013). 
In recent years, sporadic AD has been proposed to be 
a metabolic disease, as the neuroenergetic perspective 
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posits that the primary cause of AD is an age-induced 
energy deficit in the mitochondrial activity of neurons, 
and that the up-regulation of oxidative phosphoryla-
tion is a compensatory mechanism (Demetrius and 
Driver, 2013; Anand et al., 2014). The Inverse War-
burg hypothesis includes analytic integration of mi-
tochondrial energetics in neurons with the cytosolic 
energetics in astrocytes, the concept of metabolic 
reprogramming, and the phenomenon of natural se-
lection, which are more consistent with the hallmarks 
of sporadic AD (Demetrius et al., 2014; Grimm et al., 
2016). Therefore, a model based on the neuroener-
getic perspective could be potentially beneficial in 
drug and disease research. 

The senescence accelerate mouse P8 (SAMP8) 
is one of the senescence-accelerated strains; these 
mice show a natural age-related overexpression of Aβ 
and an altered energy metabolism from a young age 
(5–6 months). SAMP8 mice are a metabolic model 
which not only exhibits the cognitive deficits that 
erode acquisition and memory retention, as shown in 
AD (Flood and Morley, 1998; Armbrecht et al., 2014), 
but also displays pathological changes such as A 
peptide deposition (Takemura et al., 1993), choliner-
gic system dysfunction (Strong et al., 2003), dis-
turbed synaptic plasticity (López-Ramos et al., 2012), 
and overexpression of amyloid precursor protein 
(APP) (Morley et al., 2012). Besides this, SAMP8 
mice show neuroenergetic imbalances including a 
decrease in mitochondrial glutathione (GSH) content, 
Mn-superoxide dismutase (MnSOD), Cu/Zn-SOD, 
catalase activity, complex IV activity, and adenosine- 
5'-triphosphate (ATP) levels (Xu et al., 2007; Shi  
et al., 2010). On the other hand, senescence- 
accelerated resistant mouse 1 (SAMR1) of normal 
aging exhibits no senescence-related neuronal phe-
notypes and has a genetic background similar to that 
of SAMP8; it has been used extensively as a control 
(Takeda, 2009; Bayod et al., 2015). 

Polygala tenuifolia Willd. (“Yuanzhi” in Chinese) 
is a well-known traditional Chinese medicine (TCM) 
herb, which was first documented in Shen Nong Ben 
Cao Jing, and its dried root has for a long time been 
traditionally used to treat memory loss in Asian 
countries (Howes and Houghton, 2003; Kwon et al., 
2004; Adams et al., 2007). Recent pharmacological 
studies have shown that P. tenuifolia could improve 
memory impairment caused by scopolamine, stress, 

glutamate, and Aβ, and promote neuronal prolifera-
tion in normal brains (Chung et al., 2002; Lin et al., 
2012; Li et al., 2014). Polygalasaponins, such as po-
lygalasaponin B, F, G, and XXXII, are the main 
components responsible for the action of P. tenuifolia 
and have been shown to improve cognitive impair-
ment in AD effectively (Ikeya et al., 2004; Xu et al., 
2009; Wu et al., 2014). However, reports have shown 
that polygalasaponins could be toxic to animals, 
leading to nose bleeding, gastrointestinal tract ab-
normality, and even death (Xue et al., 2009; Lin et al., 
2012), which seriously limits their application and 
development. Recently, researchers have found that 
the hydrolysate of polygalasaponin (HPS) could at-
tenuate or abrogate the toxicity (Lacaille-Dubois and 
Mitaine-Offer, 2005). This makes HPS a better choice 
in dementia treatment.  

Although previous studies have shown the ef-
fects of polygalasaponins or HPS on learning and 
memory (Xu et al., 2011; Sun et al., 2012), pharma-
cological studies on SAMP8 mice, an excellent rodent 
metabolic AD model, have seldom been reported. In 
the present study, the improvement effect of HPS on 
cognitive deficits in SAMP8 mice was evaluated by 
carrying out behavioral tests. Further exploration 
indicated that the mechanism underlying cognitive 
improvement may be related to N-methyl-D-aspartate 
receptor (NMDAR) subtype expression in the hip-
pocampus and cortex of mice.  

 
 

2  Materials and methods 

2.1  HPS 

Dried root bark samples of P. tenuifolia Willd. 
were offered by the Company of Chinese Materia 
Medica in Beijing (China) and identified by Prof. 
Rui-le PAN of the Institute of Medicinal Plant Devel-
opment, Chinese Academy of Medical Sciences and 
Peking Union Medical College (Beijing, China). The 
voucher specimen was deposited in the Herbarium of 
the Institute (No. 20090815). HPS was prepared ac-
cording to our previous method (Xu et al., 2011). The 
chopped dry roots (1 kg) were exhaustively extracted 
using boiling water for 1 h. After four rounds of ex-
traction, the whole filtered liquid was passed through 
a D101 macroporous resin column and elution was 
carried out with water, 30% ethanol, and 95% ethanol 
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in succession. The 95% eluent was concentrated and 
hydrolyzed for 4 h (pH 14, 100 °C). Then hydrolysate 
was loaded into the D101 macroporous resin column. 
The 95% ethanol eluent was evaporated under vac-
uum to yield HPS (25 g).  

The HPS was in the form of a pale yellow 
powder. It was analyzed by high-performance liquid 
chromatography (HPLC; Waters, 600E pump, 2487 
UV detectors and Empower software). A LiChro-
CART C18 column (5 μm, 250 mm×4.6 mm; Merck, 
Darmstadt, Germany) and a 210-nm detection wave-
length were used. Gradient elution of A (methanol 
(MEOH)) and B (0.1%, H3PO4/H2O) was carried out 
in the following combinations: 0 min, 30% A; 60 min, 
90% A. The flow rate was 1 ml/min. For the reference 
compounds tenuifolin, 3,4,5-trimethoxy cinnamic acid, 
p-methoxy cinnamic acid, and fallax saponin A 
(95.6%, 98.0%, 98.3%, and 96.4%; National Insti-
tutes for Food and Drug Control), the contents of the 
corresponding chemicals in the HPS were 289.5, 
247.1, 770.0, and 197.2 mg/g, respectively.  

2.2  Animals 

Male SAMP8 and SAMR1 mice were purchased 
from the First Affiliated Hospital of Tianjin University 
of Traditional Chinese Medicine, China (8 months old, 
Certification No. 2006-006). Each mouse was individ-
ually housed in a constant temperature of (25±2) C 
and humidity of (55±10)% under a 12-h light-dark 
cycle (lights turned on at 7:00 a.m.). All mice re-
ceived a standard rodent diet and tap water ad lib in 
the SPF animal house. All animal experiments were 
conducted in compliance with the Guide for the Care 
and Use of Laboratory Animals of the Institute of 
Medicinal Plant Development (Chinese Academy of 
Medical Sciences and Peking Union Medical College).  

2.3  Drug administration and experiment design 

Specific amounts of HPS and donepezil (DON) 
were weighed and dissolved in water to prepare the  
 

 
 
 
 
 
 
 

administration solutions. Mice were allowed 1 week 
to adapt to their environment before grouping. Forty- 
eight SAMP8 mice were equally divided into HPS 
groups (50 and 25 mg/(kg·d)), a donepezil group  
(5 mg/(kg·d)), and a model group (given water) ran-
domly; 12 SAMR1 mice were treated with water as a 
control group. Then the mice were orally adminis-
trated with the corresponding solutions in their own 
groups from the first day for 10 d before testing. 

The oral administration was given without in-
terruption during the behavioral test phase. As Fig. 1 
shows, mice were sequentially tested by an open-field 
test (Day 11), a Morris water maze (MWM) (Days 12 
to 21), and step-through passive avoidance (Days 22 
to 23). Then, the mice were decapitated, and the cor-
tex and hippocampus were dissected for measurement 
of NMDARs.  

2.4  Behavioral test 

2.4.1  Open-field test 

The locomotor activity of the mice was assessed 
using an open-field computer-aided control system 
(Dang et al., 2009; Wang et al., 2010). The apparatus 
contained four metal tanks (diameter 30 cm, height  
40 cm) with a 120 Lux light source on the ceiling, and 
a video camera fixed at the top to monitor the mouse 
activity. At 30 min after drug administration, each 
mouse was placed at the center of the tank and al-
lowed to explore freely for 5 min. The total distances 
travelled during the following 10 min were recorded 
automatically. Four mice were tested simultaneously. 

2.4.2  Morris water maze test 

The MWM test was used to evaluate spatial 
learning and memory following the procedures of 
Morris, with modifications (Morris, 1984; Hooge and 
de Deyn, 2001). The test included a visible platform 
trial, acquisition, probing, and a working memory 
trial. A black circular tank was filled with water 
(temperature 24–26 C), in which a hyaline platform  
 

 
 
 
 
 
 
 Fig. 1  Experimental procedure
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(diameter 6 cm, height 15 cm) was located. The water 
was made opaque by addition of ink, and its surface 
and the platform location could be adjusted in  
different test phases. Mouse swimming activity was 
monitored using a video camera overhead and rec-
orded via a computerized tracking and image analyzer 
system. 

In the visible platform trial, the water surface 
was adjusted to be 1.0 cm below the platform. Mice 
underwent 3 successive trials during 1 d: they were 
released at the opposite side of the platform, the  
location of which changed each trial, and were tested 
to see whether they could find the platform within  
60 s. Before and after swimming, the mice were left 
on the platform for 10 s. In the acquisition phase, the 
fixed platform was submerged 1.0 cm beneath the 
surface. Each mouse underwent four successive trials 
a day for 5 d. The mouse was placed on the platform 
for 10 s, and then randomly released into one quadrant. 
If the mouse failed to find the platform within 60 s, it 
was guided to the platform and stayed there for 10 s. 
In the probing phase, the platform was removed. Each 
mouse was released from the quadrant opposite from 
the previous platform location (the target quadrant) to 
swim freely for 60 s. In the spatial working memory 
trial carried out for 3 d, mice were placed on the op-
posite site of the platform, the location of which 
changed every day. Each mouse was tested 3 times 
per day. Finally, the recorded indicators including 
escape latency, escape rate, the average speed, total 
swimming distance, crossing number, and the time 
spent in the target quadrant were analyzed. 

2.4.3  Passive avoidance test 

The passive avoidance test was performed as for 
the previous method with modifications (Senechal  
et al., 2008; Xu et al., 2011). The trough-shaped ap-
paratus consisted of a white illuminated chamber and 
a dark chamber separated by a guillotine door  
(17.0 cm×13.5 cm×25.0 cm). After 180 s of habita-
tion 3 times, each mouse was placed in the light 
chamber and allowed to explore with the opened door 
for training. When it entered the dark chamber, the 
mouse got an electric shock to its foot (50 V) for 5 s 
with the door closed. Then the mouse was removed 
from the dark chamber and returned to its home cage. 
Twenty-four hours later, memory retention was tested 
in the same way as the acquisition trial, and the initial 
latency to enter the dark chamber and error times 

were recorded. The latency was recorded up to a 
maximum of 300 s.  

2.5  Tissue preparation 

Immediately upon completion of the final be-
havior test, all mice were anesthetized and sacrificed. 
Their brains were rapidly removed, and the hippo-
campi and cortices were isolated and placed on ice. 
They were weighed and stored at −80 C before car-
rying out Western blotting. 

2.6 Measurements of NMDAR1 and NMDAR2B 
using Western blotting 

The hippocampi were sonicated in a cold lysis 
buffer with protease inhibitors (a buffer containing 
1% phenylmethylsulfonyl fluoride (PMSF), 1% 
cocktail, and 1% protease inhibitor cocktail). After  
30 min incubation on ice, the samples were centri-
fuged at 12 000 r/min (10 min, 4 C). The superna-
tants were collected and removed for measurement of 
total protein concentration. A total of 50 g protein 
lysates were separated by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) and 
electro-transferred onto a polyvinylidene difluoride 
(PVDF) transfer membrane. Membranes were 
blocked in a 5% non-fat dry milk solution, and then 
incubated overnight at 4 C with the antibodies, 
namely NMDAR1 (D6587) and NMDAR2B, which 
were obtained from Cell Signaling Technology, 
Beverly, MA, USA. After three washes with Tris- 
buffered saline with Tween 20 (TBST), the mem-
branes were incubated with horseradish peroxidase- 
conjugated secondary antibody for 120 min (1:5000; 
Applygen Technologies Inc., Beijing, China) at room 
temperature. Any excess of secondary antibodies was 
washed off, and the immunoreactive bands were 
visualized using a chemiluminescence kit (Pierce, 
Thermo Scientific, MA, USA). Mouse glyceraldehyde- 
3-phosphate dehydrogenase (GAPDH, Zhongshan 
Jinqiao Biotechnology Company, Beijing, China) 
was used as an internal protein control. Quantification 
of the band density was performed by densitometric 
analysis using Image Lab Software. 

2.7  Statistical analysis 

Statistical analyses were performed using SPSS 
19.0 and GraphPad Prism 5.0. Data from all proce-
dures were expressed as mean±standard error of the 
mean (SEM). Indexes in acquisition trials, such as 
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escape latency, distance, and speed in MWM test, 
were analyzed by repeated-measure two-way analysis 
of variance (ANOVA). The other behavior results, the 
biochemical concentration changes, and the expres-
sions of proteins were analyzed by one-way ANOVA 
followed by Tukey’s post hoc test. For all statistical 
tests, P<0.05 was considered to be significant. 

 
 

3  Results 

3.1  Behavioral analysis 

3.1.1  HPS does not affect locomotion in SAMP8 mice 

As shown in Fig. 2, HPS (25 and 50 mg/kg) had 
no significant effect on locomotor activities, although 
the total distance was slightly reduced in the HPS  
(50 mg/kg) group compared with the SAMP8 group 
(P=0.277). DON (5 mg/kg) also produced a shorter 
total distance than the model groups, without signif-
icance (P=0.469).  

 
 
 
 
 
 
 
 
 
 
 
 
 

3.1.2  HPS improves the spatial memory of SAMP8 
mice in the MWM 

In the visible platform trial (Fig. 3), there was no 
significant difference in total escape for all of the 
groups in any test, which means that all of the mice 
had no vision, sensation, or motor system function 
deficits, and could receive the following training. 

For the memory acquisition trials (Fig. 4a), there 
was a significant difference in escape latencies be-
tween groups (F(4, 250)=17.998, P<0.01), but not be-
tween training days (F(4, 250)=1.644, P>0.05). The 
SAMP8 mice had a longer escape latency than the 
SAMR1 mice from the second day (P<0.05), and HPS 
(50 mg/kg) administration was able to significantly 

 
 
 
 

 
 
 
 
 
 
 
 

 
 

shorten this prolongation of latency on the second 
(P<0.01), third (P<0.01), and fourth (P<0.05) days of 
the training trials; for low-dose HPS (25 mg/ml), 
there was an effect at the second and third days 
(P<0.05). DON (5 mg/kg) did not have an effect until 
the fifth day (P<0.05). 

For the escape rate, the main effects for day and 
group were both statistically significant (F(4, 250)= 
4.675, P<0.05; F(4, 250)=21.361, P<0.01). The SAMP8 
mice maintained lower escape rates than the SAMR1 
mice, with statistical significance, from the second 
day (Fig. 4b, P<0.01). HPS (50 mg/kg) treatment 
significantly increased the escape rates of the SAMP8 
mice between the second and fifth days (P<0.01), and 
HPS (25 mg/kg) showed an effect on the second 
(P<0.05), third (P<0.01), and fifth (P<0.05) days. 
However, HPS had no significant influence on the 
swimming speed of the SAMP8 mice (Fig. 4c). 

In the probe trial (Figs. 5a and 5b), the SAMP8 
mice had a significant decrease compared with the 
SAMR1 mice in crossing number (P<0.05) and time 
spent in the target quadrant (P<0.01). HPS treatment 
significantly increased the time spent in the target 
quadrant for the SAMP8 mice (50 mg/kg, P<0.05). 
Besides this, the HPS-treated mice were more likely 
to cross the platform point. 

The working memory trial assessed the ability of 
the mice to learn new messages. In the escape latency 
test (Fig. 5c), the main effect for the group was sta-
tistically significant (F(4, 250)=6.412, P<0.01). The 
SAMP8 mice showed a significant increase in escape 
latency compared with the SAMR1 mice (Days 1 and 
2, P<0.01; Day 3, P<0.05); HPS administration de-
creased latency prolonging during the first day  

Fig. 2  Effect of HPS on locomotor activities of mice 
The total distance travelled by the mice was measured on 
Day 10 of the administration of HPS (25 and 50 mg/kg). Data 
are expressed as mean±SEM; n=10–12 for each group 

Fig. 3  Effect of HPS and model on visible platform test of 
MWM 
The escape latencies of mice were tested 3 times on Day 11. 
Data were presented as mean±SEM; n=10–12 for each group
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Fig. 4  Effect of HPS on the acquisition of spatial memory of aged SAMP8 mice in the MWM 
Training trials were performed on Day 9 after HPS administration. Escape latency (a), escape rate (b),  and mean speed of mice (c)
to find the fixed hidden platform across the 5 training days (3 trials per day). Data are expressed as mean±SEM; n=10–12 for each
group. # P<0.05, ## P<0.01, compared with the SAMR1 group, * P<0.05, ** P<0.01, compared with the aged SAMP8 group 

Fig. 5  Effect of HPS on probing and working memory of aged SAMP8 mice in the MWM 
The probe trial was performed 24 h after the last training. Crossing numbers (a) and swimming time (b) spent in the target quadrant
during which the mice attempted to probe the previous platform. Escape latency (c) and escape rate (d) of mice to find the hidden
platform during the working memory test. Values are presented as mean±SEM; n=10–12 for each group. # P<0.05, ## P<0.01,
compared with the SAMR1 group, * P<0.05, ** P<0.01, compared with the aged SAMP8 group 
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(P<0.05). DON showed an effect on Days 1 and 2. 
For the escape rate test (Fig. 5d), the influence of the 
group was also significant (F(4, 250)=9.142, P<0.01). 
The SAMP8 mice had lower escape rates than the 
SAMR1 mice (P<0.01); HPS significantly increased 
this rate on the first day (P<0.01), while DON pro-
duced an effect on Day 2. It is interesting to discover 
that HPS and DON took effect on different time 
courses. HPS was able to improve the working 
memory of the model on the first day, while DON had 
good performance during the first two days. This may 
due to the different brain areas they influence, which 
needs further research. 

3.1.3  HPS improves cognitive deficits, assessed by a 
step-through passive avoidance task 

Improved cognitive ability for the SAMP8 mice 
was indicated by the significantly lower first escape 
latency and greater number of errors than those of the 
SAMR1 mice. HPS (50 mg/kg) treatment prolonged 
the first escape latency and reduced the number of 
errors for the SAMP8 mice significantly. DON also 
improved cognitive ability, but this was not significant. 
This may be because of the large inter-mouse varia-
bility and the limitation of a small sample number 
(Fig. 6). 

3.2  Effect of HPS on the expressions of NMDAR1 
and NMDAR2B in the hippocampus and cortex of 
SAMP8 mice 

Statistical analysis revealed a significant effect 
of group on NMDAR1 expression in the hippocam-
pus (F=6.618, P<0.01), but not in the cortex  
(F=0.626, P>0.05) (Fig. 7a). Compared with the 
SAMR1 mice, the NMDAR1 expression in the hip-
pocampus of the SAMP8 mice decreased by 56% 
 

 
 

 
 
 
 
 
 
 
 
 

(P<0.01; Fig. 7b). HPS (25 and 50 mg/kg) treatment 
significantly increased the NMDAR1 level of the 
SAMP8 mice (P<0.05). In contrast, the difference of 
NMDAR2B expression among the groups was sig-
nificant in the cortex (F=210.9, P<0.01), but not in 
the hippocampus (F=0.668, P>0.05). The NMDAR2B 
expression in the cortex of the SAMP8 mice de-
creased by 58% compared with the SAMR1 mice 
(P<0.01, Fig. 7c), but this level for the SAMP8 mice 
was up-regulated for the HPS group (25 and 50 mg/kg, 
P<0.05). 
 
 
4  Discussion 

 
The current study appears for the first time to 

demonstrate that in the SAMP8 model, HPS can ef-
fectively improve learning and memory capacities 
and the anti-amnesia effect may be related to the 
NMDAR expression level. 

4.1  SAMP8 is a good model for AD 

The sporadic AD model used in drug research 
should not only show the cognitive deficits over spe-
cific time courses, but also imitate the pathological 
mechanisms underlying neuronal function (Webster 
et al., 2014). SAM was developed from the AKR/J 
strain mice originally based on the data of the grading 
score for life span, senescence, and pathologic phe-
notypes. SAMP8 mice have been used as a senescence- 
accelerated model in neuroscience research, as they 
could show early onset of deficits in learning and 
memory and provide valuable insights into physio-
logical and pathological changes of AD (Butterfield 
and Poon, 2005). In this study, we found that, 
compared with age-matched SAMR1 mice, aged  
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 6  Effect of HPS on memory of the aged SAMP8 mice in the step-through passive avoidance tests 
The first latency (a) and the number of errors (b) the mice made in escaping into the dark chamber during the memory consoli-
dation tests. Data are shown as mean±SEM; n=10–12 in each group. # P<0.05, compared with the SAMR1 group; * P<0.05,
compared with the SAMP8 group 
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SAMP8 mice showed a deficient performance in the 
MWM test and declined passive avoidance in the 
step-through test, which are controlled by the hippo-
campus and cortex. The remarkable decline in cogni-
tive ability in the SAMP8 mice is consistent with 
previous reports (Flood and Morley, 1998; Armbrecht 
et al., 2014). Besides this, our results indicated the 
decrease of NMDAR subunit expression in the hip-
pocampus or cortex of SAMP8 mice, which is similar 
to the other reports that also found deficits in the 
glutamatergic system of SAMP8 mice (Yang et al., 
2005; Huang et al., 2012). These changes indicated 
that SAMP8 mice could be considered to be a good 
model for AD.  

4.2  HPS ameliorates the cognitive impairment of 
SAMP8 

Though polygalasaponins were widely reported 
to be effective in improving learning and memory, the 
toxicity, which produced nose bleeding, gastrointes-
tinal tract abnormality and even death, limited their 
development and use. HPS, including tenuifolin, 
3,4,5-trimethoxy cinnamic acid, p-methoxycinnamic, 
and fallax saponin A, was obtained by carrying out  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4 h of alkaline hydrolysis of polygalgasaponins. Re-
ports suggested that the hydrolysis process could 
remove the oligosaccharidic ester chain at C-28, which 
might be responsible for the toxicity of the saponins 
(Lacaille-Dubois and Mitaine-Offer, 2005). Our pre-
vious report also showed that HPS could markedly 
decrease toxicity (Xu et al., 2011). Besides this, the 
pharmacokinetic studies found that 3,4,5-trimethoxy 
cinnamic acid, p-methoxycinnamic acid, and tenui-
folin could be absorbed rapidly into the circulation 
and reached their peak concentrations (Wang et al., 
2015). Tenuifolin can cross the blood brain barrier 
quickly and remain in the body longer, although it has 
lower oral bioavailability (Ma et al., 2014). These 
material bases make it rational and meaningful for 
researching the effect of HPS on memory loss. 

Functional evaluation is one of the most reliable 
indicators reflecting levels of animal intelligence. The 
MWM is used to evaluate spatial memory through 
different trial designs, among which training and 
probing tests reflect long-time memory and the 
working memory test indicates short-term memory 
(Hooge and de Deyn, 2001). Passive avoidance ability 
was assessed by the step-through test, which depends 

Fig. 7  Effect of HPS on NMDAR1 and NMDAR2B in the hippocampus and cortex of SAMP8 mice 
(a) Representative Western blotting of NMDAR1 and NMDAR2B. GADPH was used as a control for protein loading. Densito-
metric analysis of NMDAR1 (b) and NMDAR2B (c) test bands were normalized to GADPH and expressed as relative fold
compared with control. The values are expressed as mean±SEM of at least three independent experiments. # P<0.05, ## P<0.01,
compared with the SAMR1 group; * P<0.05, ** P<0.01, compared with the SAMP8 group 
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on the ability to retain and recall information (Sun  
et al., 2012). Those test results demonstrated that HPS 
consumption effectively improves impaired learning 
and memory in aged SAMP8 mice. The efficacy of 
HPS was dose-dependent, and for the different indi-
cators the HPS of high concentration (50 mg/kg) 
always showed statistical significance when com-
pared with the control group. Low-dose HPS admin-
istration also showed a clear effect, except in the 
probing and step-though tests. However, HPS did not 
influence locomotor activity, visible platform per-
formance, or the swim speed of SAMP8 mice, which 
suggests that the amelioration effect of HPS is to be 
mnemonic in origin, rather than provoked by sen-
sorimotor effects. 

It was interesting to find that HPS and DON had 
different effect times and potencies. For instance, in 
the working memory trial, HPS significantly de-
creased latency prolonging and increased escape rate 
on the first day, while DON showed an effect during 
the first two days. This may be due to the different 
brain areas they influence or the way in which they 
take effect, which needs to be studied further. In our 
research, DON also showed a cognitive enhancement 
effect during MWM training: it significantly de-
creased the escape latency on the fifth day and in-
creased the escape rate between the second and fourth 
days. This was different from reports which have 
found that DON had an effect between the third and 
fifth days (Cachard-Chastel et al., 2008; Goverdhan 
et al., 2012). We speculated that a difference in effect 
time or potency may be due to differences in model, 
animal, or route drug received. 

4.3  HPS treatment reverses the changes in level of 
NMDA subunits 

NMDARs are cationic channels gated by the 
neurotransmitter glutamate, containing the obligatory 
subunit GluN1 plus either GluN2B or GluN2A or 
both. Functional NMDARs have a crucial role in the 
induction of long-term potentiation (LTP), namely 
synaptic plasticity, which underlie memory and 
learning (Rebola et al., 2010). On the other hand, 
overactivation of NMDARs leads to cytosolic free 
intracellular calcium overload, causing excitotoxicity 
in the central nervous system (Parameshwaran et al., 
2008). The different effects mediated by NMDARs 
are dependent on the levels or activation of NMDARs.  

Although the exact molecular basis of AD re-
mains uncertain, it is widely accepted that the cogni-
tive deficits of AD have close relevance to the glu-
tamatergic system (Zadori et al., 2014). Reports have 
indicated that the function of NMDARs decreases in 
AD, including gene expression (Yashiro and Philpot, 
2008), levels of mRNA and protein (Hynd et al., 
2001), or neurotransmitters (Rupsingh et al., 2011). A 
decline in levels of NMDAR subunits has been ob-
served in many AD models and clinical research 
(Hynd et al., 2004; Mishizen-Eberz et al., 2004; 
Kravitz et al., 2013), which is consistent with our 
result that NMDAR1 and NMDAR2B expression 
decreased in SAMP8 as compared with SAMR1 mice. 
The decreased level of NMDAR limited its normal 
functional role, leading to a deficit in learning and 
memory. It is a limitation of our work that we did not 
carry out further studies to verify that NMDAR at the 
normal level does not lead to neurotoxicity. Accord-
ing to our results, the HPS (25 and 50 mg/kg) treat-
ment reversed the decline in NMDA subunits in the 
hippocampus or cortex of the SAMP8 mice. This 
effect of HPS is consistent with the cognitive im-
provement. We presume that an increase in NMDA 
subunits makes certain the normal induction of LTP 
in SAMP8 mice, and the exact underlying mecha-
nisms need to be explored further. 

 
 

5  Conclusions 
 

In summary, the results clearly demonstrated the 
improvement effect of HPS on cognitive deficit in the 
SAMP8 model, and the mechanisms underlying this 
might be related to changes in NMDAR expression 
after HPS administration. HPS may be a potential 
drug for treatment of cognitive deficit in AD with 
further experimentation needed to support this. 
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中文概要 
 

题 目：远志皂苷水解产物对 SAMP8 小鼠的益智作用 
研究 

目 的：本文主要评价远志皂苷水解产物（HPS）对 SAMP8
小鼠的益智作用，并对相关机制进行探索。 

创新点：HPS 相较于远志皂苷有更高的安全性，毒性显著

降低或消除；本研究所用的 SAMP8 模型是一个

能较好地同时模拟阿尔兹海默病智力衰退及病

理变化的代谢性模型，用于药效评价和机制研究

更加可靠。 
方 法：采用水迷宫（图 4 和 5）及避暗（图 6）两种经

典的检测方法来评价药物的益智药效，并进一步

用免疫印迹实验分析 N- 甲基 -D- 天冬氨酸

（NMDA）受体水平来对机制进行探索（图 7）。 
结 论：本研究表明，HPS 能明显改善 SAMP8 小鼠的认

知损伤，其作用机制与调控 NMDA 受体相关通

路有关。 
关键词：认知改善；远志皂苷水解产物；SAMP8 小鼠 


