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Abstract. Alzheimer's disease (AD) is the most common 
type of dementia. Amyloid‑β (Aβ)‑induced neurodegen-
eration is hypothesized to be the primary pathological 
mechanism of AD. Tongluo Xingnao effervescent tablets 
(TXET), based on the traditional Chinese formula Qionggui 
Tang, have been used to treat AD and other types of dementia 
in China for decades. In the present study, the effects of 
TXET on cognition deficit, amyloid‑β production, amyloid 
precursor protein procession and β‑secretase expression 
were investigated in the APPswe/PS1dE9 mouse model of 
AD. As expected, APPswe/PS1dE9 mice exhibited cogni-
tive decline and higher levels of Aβ and plaques in the brain 
compared with normal mice; however, these changes were 
attenuated following TXET treatment. Levels of C‑terminal 
fragment (CTF)‑β protein were decreased following treat-
ment with TXET; however, CTF‑α levels were unaffected. 
Furthermore, TXET treatment did not decrease γ‑secretase 
activity or levels of presenilin‑1 (PS1), neprilysin or 
insulin‑degrading enzyme. These results indicate that TXET 
may regulate Aβ metabolism by downregulating the expres-
sion of β‑secretase. The results of the present study have laid 
the foundation for the development of a Chinese medicinal 
compound with a β‑secretase inhibitor as the target for the 
treatment of AD.

Introduction

Alzheimer's disease (AD) is a neurodegenerative disease 
clinically characterized by cognitive and intellectual dysfunc-
tion; specific pathological hallmarks include the presence of 
senile plaques, cerebral amyloid angiopathy and neurofibril-
lary tangles (1). The number of people living with dementia 
is currently estimated to be ~24 million and its prevalence is 
forecast to double every 20��������������������������������� ��������������������������������years until 2040���������������� ���������������(2). The patho-
genesis of AD is complex and has not yet been elucidated, 
however the results of numerous studies support the amyloid β 
protein (Aβ) hypothesis of AD development (3‑5).

Amyloid‑β (Aβ) is hypothesized to trigger the onset 
and development of AD. It also promotes oxidative stress, 
neurotropic signaling, Tau phosphorylation and synaptic 
dysfunction and activates inflammatory factors  (6). The 
generation of Aβ is dependent on the processing of amyloid 
precursor protein (APP), which involves two signaling 
pathways via sequential limited proteolysis. In the amyloido-
genic pathway, APP is cleaved by β‑secretase, generating 
a C‑terminal fragment (CTF)‑β and soluble (s)APP‑β  (7). 
CTF‑β is further cleaved by γ‑secretase to generate Aβ (8). 
Alternatively, APP may be processed via the nonamyloido-
genic pathway, which is regulated by α‑ and γ‑secretase. The 
cleavage of α‑secretase generates CTF‑α and sAPP‑α, and 
CTF‑α is subsequently cleaved by the γ‑secretase complex to 
generate an APP intracellular domain and p3 peptides, thus 
impeding Aβ production (7). It has been demonstrated that 
the cleavage pathway of APP serves an important role in the 
formation and accumulation of Aβ (9).

Aβ levels depend on APP processing, as well as on its elimi-
nation via transport processes, cell‑mediated clearance and Aβ 
degradation (10). It has been demonstrated that Aβ‑degrading 
enzymes are required to degrade Aβ (11). One such enzyme, 
neprilysin (NEP), degrades monomeric Aβ and its oligomeric 
forms Aβ40 and Aβ42  (12). Furthermore, insulin‑degrading 
enzyme (IDE) may be involved in Aβ degradation, as indi-
cated by Kurochkin and Goto (13). Therefore, NEP and IDE 
are the most promising Aβ‑degrading candidates.

Previous studies have focused on ways to decrease Aβ 
production and reduce Aβ levels, which are the prime drug 
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targets for AD (14,15). Therefore, targeting Aβ metabolism 
may be a potential method of treating AD. Currently, the 
development of novel drugs for AD treatment has focused on 
ways of decreasing Aβ levels; however the results of clinical 
trials have not been promising (16,17). Western medicine is 
a single‑target, single‑component and symptomatic treatment 
paradigm, while traditional Chinese medicine (TCM) therapy 
is a multi‑target, multi‑component and treatment strategy that 
has been applied to treat various diseases. Tongluo Xingnao 
effervescent tablets (TXET) are derived from Qionggui 
Tang [Ligusticum striatum DC. and Angelica sinensis (Oliv.) 
Diels], which has been used in Japan, China, South Korea 
and other East Asian countries for >2,000  years, usually 
in combination with Scutellaria baicalensis Georgi. In 
TCM, it is hypothesized that Qionggui Tang may be used 
to treat patients with various conditions. The addition of 
Scutellaria baicalensis Georgi may enhance the effect of 
Qionggui Tang on the efflux of pathogenic toxins. Therefore, 
the function of TXET involves promoting blood circulation 
to remove toxins, as well as improving memory and cogni-
tion (18‑21). In a previous study by our group, TXET improved 
cognition and synaptic function; it also improved cerebral 
metabolism and mitochondrial function (18). Additionally, 
it was demonstrated that TXET may downregulate levels 
of cyclin‑dependent kinase (CDK)5 and glycogen synthase 
kinase (GSK)‑3, key proteins that regulate tau protein phos-
phorylation, thus inhibiting tau phosphorylation in an animal 
model of AD��������������������������������������������� ��������������������������������������������(19). Furthermore, TXET may increase acetyl-
choline (ACh) and choline acetyltransferase (ChAT) levels, 
thus enhancing the central cholinergic neuronal system in the 
hippocampi of rats with AD (20). Another study by our group 
demonstrated that TXET increases the expression of IDE, 
indicating that TXET may regulate the metabolism of Aβ to 
treat AD (21). In the present study, the anti‑AD effect of TXET 
on the production and elimination of Aβ was investigated in 
AD transgenic mice.

Materials and methods

Reagents. TXET, based on the traditional Chinese formula 
Qionggui Tang [Ligusticum striatum DC and Angelica sinensis 
(Oliv.) Diels] plus Scutellaria baicalensis Georgi, is a patented 
prescription (Patent no. ZL 201310132096.2) (22) owned by 
the Affiliated Hospital of Chengdu University of Traditional 
Chinese Medicine (Chengdu, China) and used in the long‑term 
treatment of dementia. Ligusticum striatum DC. (1,250 g) and 
Angelica sinensis (Oliv.) Diels (250 g) were extracted via 
supercritical carbon dioxide fluid extraction to collect residues 
and volatile oils. Ethanol was added to dissolve the volatile oils 
and the preparation was mixed with β‑cyclodextrin dissolved 
in purified water (1:10) at 60˚C. The preparation contained 
these inclusion complexes and when the preparation was fully 
mixed, it was dried and the residue was crushed into a fine 
powder. Scutellaria baicalensis Georgi (750 g) and residues 
were extracted with 60% ethanol by heating under reflux 
3 times, followed by filtration. The filtrate was concentrated to 
extractum such that the relative density was between 1.1 and 
1.2; the extractum was dried using a vacuum dryer and made 
into grain. The inclusion complexes and the grain were blended 
with corresponding excipients and compressed into tablets, 

with each tablet weighing 1.2 g (active ingredient, 0.6 g). TXET 
was provided by the Affiliated Hospital of Chengdu University 
of Traditional Chinese Medicine (Chengdu, China) and its 
quality analysis was performed by liquid chromatography 
(LC) assays, as previously described (23). The LC assay was 
performed using an LC‑30A (Shimadzu Corporation, Kyoto, 
Japan) liquid chromatography system, with a LabSolutions 
5.41.20 chromatography workstation (Shimadzu Corporation) 
and an Agilent Poroshell 120 EC‑C 18 column (2.1x100 mm, 
2.7 µm; Agilent Technologies Inc., Santa Clara, CA, USA). 
The results demonstrated that peaks of ferulic acid (18.5 min), 
baicalin (25.2  min), baicalein (33.4  min) and wogonin 
(48.9 min) appeared successively (data not shown), which 
indicated that the quality of TXET was high.

Aricept (cat. no.  100526A) was purchased from Eisai 
China Inc. (Eisai Co., Ltd., Tokyo, Japan) Human Aβ1‑40 (cat. 
no. KHB3481) and Aβ1‑42 ELISA kits (cat. no. KHB3441) 
were purchased from Invitrogen (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). Aβ monoclonal antibodies (cat. 
no. 803015) were purchased from BioLegend, Inc. (San Diego, 
CA, USA). The DAB Kit for Immunohistochemistry was 
purchased from ZG ZSGB‑Bio, Inc. (Beijing, China). APP 
(cat. no. 11090), CTF‑α (cat. no. 11088) and CTF‑β (C99; cat. 
no. 10321) antibodies were purchased from Immuno‑Biological 
Laboratories Co., Ltd, (Gunma, Japan). IDE (cat. no. ab32216) 
and NEP (cat. no. ab81688) antibodies were purchased from 
Abcam (Cambridge, UK). The presenilin‑1 (PS1) antibody 
(cat. no. 5643) was purchased from Cell Signaling Technology, 
Inc. (Danvers, MA, USA). The β‑actin antibody (cat. 
no. sc‑47778), goat anti‑rabbit IgG‑HRP (cat. no. sc‑2004) and 
goat anti‑mouse IgG‑HRP (cat. no. sc‑2005) were provided 
by Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The 
γ‑secretase activity kit (cat. no. FP003) was purchased from 
R&D Systems, Inc. (Minneapolis, MN, USA) The BCA 
protein assay kit and radioimmunoprecipitation assay (RIPA) 
lysis buffer were purchased from Applygen Technologies, Inc. 
(Beijing, China).

Animals and administration procedure. A total of 60 
3‑month‑old male APPswe/PS1dE9 mice and 15 age‑matched 
C57BL/6J mice (20±2 g) were purchased from Beijing HFK 
Bioscience Co., Ltd. (Beijing, China; Certificate SCXK Jing 
2009‑0004;). In the animal observation room with a 12 h 
light/dark cycle, animals had ad libitum access to food and 
water and were housed under a suitable temperature (22±2˚C) 
and humidity (65±5%). The treatment and care of animals 
adhered to the international laws and regulations indicated in 
the National Institutes of Health Guide for the Care and Use of 
Laboratory Animals (24). All animal protocols were approved 
by the Institutional Animal Care and Use Committee of 
Dongfang Hospital affiliated with the Beijing University of 
Chinese Medicine (Beijing, China).

The APPswe/PS1dE9 mice were randomly divided into 
four groups (each n=5): A model group, an Aricept (1 mg/kg) 
group (positive control), a TXET low‑dose (0.45 g/kg) group 
and a TXET high‑dose (1.8  g/kg) group. C57BL/6J mice 
served as the normal control group, which alongside the model 
group was treated with an equal volume of sterile saline. A 
total of 10 ml/kg/day solution was administered to all mice 
intragastrically for 180 days.
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Morris water maze (MWM) test. All mice underwent the 
MWM test, which evaluates spatial learning and memory 
performance, on day 176 of administration. For the place 
navigation task, mice trained for 5 days consecutively, while 
the escape latency and total swimming distance were recorded 
in one 120 sec session. The platform was then removed and the 
probe trial was conducted to record the distance each mouse 
crossed in the target area (where the platform was placed 
formerly) and the opposite area. All tests were performed at 
night.

Brain tissue preparation. For immunochemistry, three mice in 
each group were selected randomly and sacrificed under ether 
anesthesia by decapitation. Brains were harvested and fixed 
with 4% paraformaldehyde at 4˚C overnight using perfusion 
fixation, followed by paraffin‑embedding. Other mice (34±4 g) 
were sacrificed under ether anesthesia by decapitation; the 
brain tissue was immediately dissected, snap‑frozen in liquid 
nitrogen and stored at ‑80˚C until processing.

Immunohistochemistry. Paraffin‑embedded tissue was seri-
ally cut into 4‑µm‑thick sections. Sections were rinsed with 
0.01 mol/l PBS following dewaxing in xylene, rehydrated 
through decreasing concentrations of ethanol and washed 
in 0.01  mol/l PBS. For Aβ‑containing plaque immunos-
taining, antigens were unmasked by microwaving sections 
in 10 mmol/l citrate buffer, (pH 6.0) for 15 min and allowed 
to cool. Sections were then blocked with 5% goat serum (cat. 
no. ZLI‑9022; OriGene Technologies, Inc., Beijing, China) 
for 1 h at room temperature, sections were treated with 3% 
H2O2 for 10 min to eliminate endogenous peroxidase activity. 
Following rinsing in PBS, sections were incubated with anti‑Aβ 
monoclonal antibodies (1:200) overnight at 4˚C. Following 
rinsing with PBS and the addition of Polymer Helper (polink‑2 
plus polymer HRP detection system; OriGene Technologies, 
Inc.; cat. no. PV‑9001) incubated at 37˚C for 10 min), the 
sections were incubated with horseradish peroxidase conju-
gated Goat anti‑Mouse IgG‑Fragment crystallizable (1:500, 
cat. no. ab20043; Abcam) at 37˚C for 1 h and stained with 
3,3‑diaminobenzidine of DAB kit (cat. no. ZLI‑9018; OriGene 
Technologies, Inc.) for 6 min and hematoxylin for 10 min 
at room temperature. Following dehydration, sections were 
covered with neutral balsam. Using an inverted fluorescence 
microscope (IX71; Olympus Corporation, Tokyo, Japan; 
magnification x200), images of all sections of each group were 
captured and the number of Aβ plaques in the hippocampi 
were determined using Image‑Pro Plus software (version 6.0; 
Media Cybernetics, Inc., Rockville, MD, USA).

ELISA. Human Aβ1‑40 and Aβ1‑42 ELISA kits were used to 
detect the concentration of Aβ in the mouse brain. The brain 
tissue was homogenized and centrifuged at 5,000 x g at 4˚C for 
15 min and the supernatant was used to detect Aβ according to 
the manufacturer's protocol of the kits.

Western blot analysis. The expression of APP, CTF‑α, CTF‑β, 
PS1, NEP and IDE proteins were measured by western blot 
analysis. Brain tissues were homogenized in RIPA lysis buffer 
and the homogenate was centrifuged at 4˚C and 15,000 x g 
for 20  min. The protein concentration in the supernatant 

was determined using the BCA kit, following the manu-
facturer's protocol. A total of 40 µg protein was separated 
using 10% SDS‑PAGE and transferred to a polyvinylidene 
difluoride membrane (EMD Millipore, Billerica, MA, USA). 
The membrane was blocked using 5% skimmed milk (cat. 
no.  1172GR100; BioFroxx GmbH, Einhausen, Germany) 
in TBS‑T at room temperature for 1 h and incubated with 
primary antibodies (APP, PS1, NEP and IDE were diluted 
by 1:1,000; CTF‑α and CTF‑β were diluted by 1:500) at 4˚C 
overnight, and β‑actin (1:1,000) was used as loading control. 
The membrane was then incubated with goat anti‑mouse 
horseradish peroxidase conjugated (HRP) IgG (1:2,000) and 
goat anti‑rabbit IgG‑HRP (1:5,000) at room temperature for 
2 h and visualized using Super ECL Plus enhanced chemi-
luminescent kit (cat. no. P1010; Applygen Technologies Inc.). 
Membranes were then exposed to the GeneGnomeXRQ bio 
imaging system (Syngene, Frederick, MD, USA) and the 
images were quantified using Image J software version 1.46r 
(National Institutes of Health, Bethesda, MD, USA).

Secretase activity. The γ‑secretase activity kit was used to 
detect the activity of γ‑secretase in mouse brain tissues. The 
brain tissue was weighed, homogenized in a RIPA buffer 
and then centrifuged at 15,000 x g and 4˚C for 20 min. The 
supernatant was assessed following the manufacturer's 
protocol.

Statistical analysis. All data were analyzed by SPSS software 
(version 13.0; SPSS, Inc., Chicago, IL, USA) and the results are 
presented as the mean ± standard deviation. For comparisons 
among groups, one‑way analysis of variance (ANOVA) was 
used. P<0.05 indicated that the difference between groups was 
statistically significant.

Results

TXET improves the learning and memory dysfunction of 
APPswe/PS1dE9 mice. APPswe/PS1dE9 mice exhibit cogni-
tive damage and behavioral changes at 12 weeks old (25). The 
learning and memory abilities of mice were examined by the 
MWM. The results of the place navigation task are presented 
in Fig. 1. The average path length during the training days 
gradually declined. Compared with the control group, the path 
length and escape latency were significantly lengthened in the 
model group on day 5 (P<0.05; Fig. 1A and B). By contrast, 
the TXET high‑dose, TXET low‑dose and Aricept groups 
all exhibited significantly decreased escape latency and path 
length on day 5 compared with the model group (all P<0.05). 
The results of the spatial probe test identified a significant 
reduction in the distance of the target quadrant between the 
model and control groups (Fig. 1C; P<0.05). Compared with 
the model group, the TXET high‑dose, TXET low‑dose and 
Aricept groups significantly increased the distance of the 
target area (Fig. 1C; P<0.05). These results indicate that TXET 
may improve learning and attenuate memory dysfunction.

TXET reduces the level and deposition of Aβ in the hippocampi 
of APPswe/PS1dE9 mice. It has been demonstrated that 
APPswe/PS1dE9 mice exhibit plaque formation in the brain 
at the age of 17 weeks (25), making them a suitable model for 
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studying Aβ metabolism in AD. To evaluate the anti‑AD effect 
of TXET in Aβ metabolism, the effect of TXET on Aβ levels 
and deposition was investigated. As presented in Fig. 2A, 
the number and size of the Aβ‑positive plaques decreased 
in the hippocampi of AD mice following TXET administra-
tion. Statistical analysis revealed that low‑ and high‑dose 
TXET (P<0.01) and Aricept (P<0.05) significantly reduced 
the number of Aβ‑positive plaques compared with the model 
group (Fig. 2B). TXET treatment also reduced Aβ levels. Aβ 
levels in the hippocampus were measured by ELISA, which 
demonstrated that levels of Aβ1‑40 were significantly lowered 
by 56.02% (P<0.01) and 21.29% (P<0.05) following treat-
ment with high‑ and low‑dose TXET, respectively, compared 
with the model group (Fig. 2C). Levels of Aβ1‑42 were also 
significantly reduced in the hippocampus by 66.14% (P<0.01) 
and 21.62% (P<0.05) following treatment with high‑ and 
low‑dose TXET, respectively, compared with the model group 
(Fig. 2D). However, Aricept exhibited no significant effect 
on Aβ concentration in the hippocampi of APPswe/PS1dE9 
mice. These results suggest that TXET reduces Aβ levels and 
deposition.

TXET reduces Aβ by inhibiting β‑secretase in APPswe/PS1dE9 
mice. The cleavage pathway of APP serves a major role in Aβ 
generation (9). The reduction of Aβ production may be asso-
ciated with the regulation of APP processing; therefore, the 
effects of TXET on the expression of APP were examined. 

It was demonstrated that the expression of APP was 
significantly decreased in mice administered with low‑ and 
high‑dose TEXT, compared with the model group (P<0.01), 
indicating that TXET reduces Aβ levels via the regulation 
of APP processing. APP is cleaved by α‑ or β‑secretase 
via two cleavage pathways. Therefore, the protein levels of 
CTF‑α and CTF‑β cleaved, respectively, by α‑ or β‑secretase, 
were examined (Fig. 3). The data indicated that the expres-
sion of CTF‑α significantly increased following treatment 
with Aricept compared with the model group (P<0.05), but 
no significant differences were identified following TXET 
administration. A significant reduction in the expression of 
CTF‑β was observed in the TXET‑treated groups (P<0.01) 
compared with the model group. There were no significant 
differences between the expression of CTF‑β in the model 
and Aricept groups. These data suggest that TXET decreases 
Aβ production by regulating APP processing, which inhibits 
β‑secretase.

The Aβ reduction of TXET is irrelevant to the cleavage of 
γ‑secretase in APPswe/PS1dE9 mice. The involvement of 
γ‑secretase is the final step in APP processing and PS1 is a 
component of the γ‑secretase complex (26). Thus, the effect 
of TXET treatment on the expression of PS1 and the activity 
of γ‑secretase was examined (Fig. 4). The results demon-
strated that TXET treatment did not significantly affect PS1 
expression and γ‑secretase activity. These data suggest that 

Figure 1. TXET ameliorates learning and memory dysfunction in APPswe/PS1dE9 mice. All mice were treated for 180 days and began the MWM on day 176 
of treatment. (A) The path length during the 5 training days for the place navigation task. (B) The escape latency on day 5 of training for the place navigation 
task. (C) The distance of the target quadrant and opposite quadrant in the probe trail. n=8/group. #P<0.05 vs. the control group; *P<0.05 vs. the model group. 
TXET, Tongluo Xingnao effervescent tablet; H, high‑dose; L, low‑dose.
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TXET does not reduce Aβ levels in APPswe/PS1dE9 mice via 
the regulation of γ‑secretase.

The reduced effect on Aβ of TXET is not associated with NEP 
or IDE in APPswe/PS1dE9 mice. Aβ levels in the brain are 
dependent on APP processing and Aβ degradation. NEP and 
IDE are the most important Aβ‑degrading enzymes (12,13). 
TXET decreased Aβ production by inhibiting β‑secretase; 
therefore, the association between β‑secretase and the Aβ 
degradation enzymes was investigated (Fig. 5). The results 
demonstrated that TXET treatment did not significantly affect 

the expression of NEP and IDE compared with the model 
group.

Discussion

The primary pathological change that occurs during AD is 
the excessive deposition of Aβ, caused by the decrease in 
metabolism that occurs during the aging process (27). Aβ 
deposition is closely associated with Aβ homeostasis (28). 
Under normal physiological conditions, the generation and 
elimination of Aβ maintains a dynamic balance. However, 

Figure 2. TXET reduces Aβ deposition and levels of Aβ1‑40 and Aβ1‑42 in the brains of APPswe/PS1dE9 mice. (A) Immunohistochemical detection of Aβ in 
the hippocampus (n=3 per group). Aβ‑positive plaques were stained dark brown. Scale bars: 100 µm (IHCx200). (B) Semi‑quantitative analysis of the number 
of Aβ‑positive plaques in the hippocampus. The content of (C) Aβ1‑40 and (D) Aβ1‑42 in the hippocampi of APPswe/PS1dE9 mice. n=6/group. ##P<0.01 vs. the 
control group; *P<0.05, **P<0.01 vs. the model group. Aβ, Amyloid‑β; TXET, Tongluo Xingnao effervescent tablet H, high‑dose; L, low‑dose.

Figure 3. TXET regulates APP processing in APPswe/PS1dE9 mice. (A) Representative western blot analysis of APP, CTF‑α, CTF‑β and β‑actin. 
(B) Densitometry analysis of the western blotting analysis. n=3/group. ##P<0.01 vs. the control group; *P<0.05, **P<0.01 vs. the model group. TXET, Tongluo 
Xingnao effervescent tablet; H, high‑dose; L, low‑dose; APP, amyloid precursor protein; CTF, C‑terminal fragment.
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if Aβ homeostasis is disrupted, Aβ may aggregate, resulting 
in the formation of neurofibrillary tangles, cell death and 
promoting the onset and development of AD. Therefore, 
decreasing Aβ production and inhibiting Aβ aggregation 
may be developed as novel therapeutic strategies to treat 
patients with AD.

Previous studies have indicated that reducing the forma-
tion of Aβ plaques in the brain is the key to AD therapy, thus 
verifying the Aβ hypothesis of AD  (29,30). Reducing Aβ 
levels depends on APP processing by β‑ and γ‑secretase, as 
well as Aβ elimination via transport processes, cell‑mediated 
clearance and Aβ degradation (31). It has been reported that 
upregulating α‑secretase and downregulating β‑secretase may 

decrease the generation of Aβ (32). Furthermore, inhibition of 
γ‑secretase may reduce Aβ concentrations in the plasma and 
cerebrospinal fluid of patients with AD (33). Previous in vitro 
and in vivo studies have reported that altering catabolism may 
decrease Aβ levels, including via NEP (34‑36) and IDE (37,38). 
However, there are currently no data regarding the long‑term 
safety and efficacy of Aβ inhibitors or associated drugs. Thus, 
it is important to identify reliable, effective and safe novel 
therapeutic strategies that may be used to treat patients with 
AD.

Different TCM treatments have been widely used to 
treat various diseases and are safe and effective. It has been 
hypothesized that herbal medicine may improve cognitive 

Figure 5. TXET does not regulate IDE or NEP in APPswe/PS1dE9 mice. (A) Representative western blot analysis of IDE, NEP and β‑actin. (B) Densitometry 
analysis of the western blotting analysis. TXET, Tongluo Xingnao effervescent tablet; H, high‑dose; L, low‑dose; IDE, insulin‑degrading enzyme; NEP, 
neprilysin.

Figure 4. TXET does not regulate γ‑secretase in APPswe/PS1dE9 mice. (A) Representative western blot analysis of PS1 and β‑actin. (B) Densitometry analysis 
of the western blotting analysis. (C) Quantification of γ‑secretase activity. n=3/group. ##P<0.01 vs. the control group. TXET, Tongluo Xingnao effervescent 
tablet; H, high‑dose; L, low‑dose; PS1, presenilin‑1.
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dysfunction to treat AD (39‑41). TCM defines dementia as a 
disease of abnormal consciousness, which is caused by mental 
dysfunction and deterioration of the brain tissue. TXET, 
based on the traditional Chinese formula Qionggui Tang plus 
Scutellaria baicalensis Georgi, is a patented prescription 
that has been used as a long‑term treatment of patients with 
dementia at the Affiliated Hospital of Chengdu University of 
Traditional Chinese Medicine. It may be a reliable and effec-
tive method of treating AD (18‑22,41‑44).

The results of previous studies have revealed that TXET 
may improve dysfunction in learning and memory, improve 
cerebral metabolism and mitochondrial function  (18), 
downregulate levels of CKD5 and GSK‑3 to inhibit tau 
phosphorylation and promote hippocampal synaptophysin 
remodeling in AD rats (19,42). Furthermore, TXET reduces 
ACh and ChAT to enhance the central cholinergic neuronal 
system in the AD rat hippocampus (20). It may also regulate 
the p38 and the mitogen‑activated protein kinase signaling 
pathways in vascular dementia (VD), the second most 
common cause of dementia following AD (23). Additionally, 
it may increase levels of cytochrome c oxidase in the hippo-
campus in VD (43) and in an AD model induced by chronic 
cerebral ischemia  (44). Furthermore, TXET may increase 
the expression of IDE in the hippocampus of AD rats (20), 
suggesting that TXET may act to treat AD by altering the 
metabolism of Aβ.

Transgenic APP695sw/PS1dE9 mice overexpressing 
APP695sw and PSEN1dE9 represent an ideal animal model 
to use to study the pathogenesis of AD and evaluate novel 
experimental therapeutics for AD (45). APP695sw/PS1dE9 
mice overproduce Aβ and exhibit cognitive damage and 
behavioral changes at 12 weeks of age, In addition, plaque 
formation occurs in their brains at the age of 17 weeks, which 
are beneficial for identifying the association between TXET 
and Aβ metabolism. A previous study indicated that TXET 
may be used to treat AD by altering the metabolism of Aβ (20). 
The present study demonstrated that APP695sw/PS1dE9 
mice in the model group exhibited learning and memory 
dysfunction, as well as the increased production of Aβ1‑40, 
Aβ1‑42 and plaques in the brain. However, TXET administra-
tion prolonged the escape latency, reduced the average path 
length in training days and the distance of the target area in 
mice undergoing MWM. Plaque formation, associated with 
Aβ metabolism, was inhibited following administration in 
the mice at 3‑months‑old (12 weeks) and TXET reduced the 
content of Aβ1‑40, Aβ1‑42 and the expression of plaques in the 
hippocampi of APP695sw/PS1dE9 mice. The result suggested 
that TXET may attenuate learning and memory dysfunction in 
AD by regulating Aβ metabolism in the brain.

Aricept is widely used to treat AD. It has been reported 
that Aricept may reverse attention deficits in the 3xTgAD 
mouse model, which exhibits Aβ plaques and neurofibrillary 
tangles in the brain (46). In the present study, it was indicated 
that Aricept improved learning and memory deficits, but had 
little effect on the content of Aβ plaques or the expression of 
CTF‑β, NEP and IDE. However, it was also demonstrated that 
Aricept reduced APP and increased CTF‑α levels, indicating 
that Aricept may regulate APP processing by activating 
α‑secretase. Aricept, an AChE inhibitor, is known to increase 
cholinergic function in the cerebral cortex  (47). However, 

the mechanism by which α‑secretase is regulated by Aricept 
requires further study.

It is hypothesized that Aβ accumulation serves the 
most important role in the pathogenesis of AD; activating 
inflammatory factors, as well as promoting oxidative stress, 
tau phosphorylation and synaptic dysfunction (48). The results 
of the present study demonstrated that TXET may reduce 
the content of Aβ1‑40, Aβ1‑42 and the expression of plaques 
in the hippocampi of APP695sw/PS1dE9 mice. However, it 
remains unclear if Aβ generation or elimination mediates the 
Aβ‑reducing effect of TXET. The results of the current study 
indicate that TXET reduces the expression of APP, suggesting 
that TXET may decrease Aβ levels via APP processing. The 
data also demonstrated that TXET reduces CTF‑β but has no 
effect on CTF‑α. This suggests that TXET may decrease Aβ 
generation by inhibiting β‑secretase but not α‑secretase. PS1 
is a component of the γ‑secretase complex, which is involved 
in the final step of Aβ generation  (26). The current study 
demonstrated that the expression of PS1 and the activity of 
γ‑secretase were not significantly altered following TXET 
administration, suggesting that Aβ reduction does not regu-
late γ‑secretase. Furthermore, there was no difference in the 
expression of NEP and IDE following TXET administration 
in APP695sw/PS1dE9 mice, suggesting that the Aβ‑reducing 
effect of TXET is not associated with NEP and IDE. However, 
a previous study by our group indicated that TXET increases 
the expression of IDE in the hippocampus of AD rats (21), 
which is inconsistent with the results of the present study. 
The two models of AD used in the different studies were 
assessed and it was identified that the methods of analysis 
differed between them. This may have caused the results of 
these two studies to be inconsistent; however, further analysis 
is required for clarification. Overall, these results suggest 
that TXET may reduce Aβ accumulation by downregulating 
β‑secretase.

The results of the present study suggest that TXET 
may ameliorate cognitive dysfunction and decrease Aβ 
levels, while regulating Aβ metabolism by downregulating 
β‑secretase. However, further studies are required to elucidate 
its underlying mechanism of action. The results have laid the 
foundation for the development of TCM with an inhibitor of 
β‑secretase as a target.
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