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/e traditional Chinese medicine of Qingxin Kaiqiao Recipe (QKR) is effective in the treatment of Alzheimer’s disease (AD). /is
study aims to investigate whether QKR improves the cognitive ability and takes neuroprotective effect on APP/PS1 double
transgenic mice via the PI3K/Akt pathway. APP/PS1 double transgenic mice were randomly divided into a model, donepezil-
treated, or QKR-treated group (L-QKR: 4.75mg/kg/d, M-QKR: 9.5mg/kg/d, and H-QKR: 19mg/kg/d, respectively). Wild-type
C57/BL6J mice were used as the control group. Morris water maze (MWM) was used to test the ability of spatial navigation and
memorization; terminal deoxynucleotidyl transferase-mediated dUTP nick end-labelling (TUNEL) assay was applied to test the
apoptosis; amyloid protein granule deposition was detected via Methenamine silver staining; Western blot (WB) analysis,
immunohistochemistry, and RT-PCRwere applied tomeasure the expression of Aβ and corresponding indicators of the PI3K/Akt
pathway. Compared with the model group, QKR significantly relieved the cognitive impairment, reduced the deposition of senile
plaques, decreased the expression of GSK-3α and Aβ, and increased the expression of p-PI3K, p-Akt, and IDE. In addition, the
number of TUNEL-positive cells decreased after treatment using QKR./e current study proved that QKR, especially at the high
dose tested, exerted a protective effect on improving learning and memory, inhibiting apoptosis, and reducing the process of
pathological degeneration in the hippocampus of AD mice.

1. Introduction

Alzheimer’s disease (AD), the most common cause of
dementia, is characterized by the progressive development
of cognitive dysfunction syndrome, including impairment
of language, visual space, and memory function to varying
degrees [1, 2]. According to a report by the Alzheimer’s
Disease Association in 2019, with the extension of people’s
life expectancy, the risk of AD among people over 65 years
of age has increased to 1 in 10, and that among people over
85 years old has increased to nearly 1 in 2 [3], which
imposes a huge burden on both families and society. /e
main pathological features of AD currently known are
neurofibrillary tangles (NFTs), neuronal death, and senile

plaque (SP) [4]. /e major component of SP is amyloid-
beta (Aβ), whose abnormal aggregation and deposition in
the brain can induce a series of neurotoxic effects leading to
the occurrence of AD, such as neuronal cell death, synaptic
loss, and cognition impairments [5, 6]. Based on the
existing studies, the metabolism of Aβ can be influenced by
the phosphoinositide 3-kinase (PI3K)/protein kinase B
(Akt) pathway [7], which is related to a variety of intra-
cellular regulation and is one of the key pathways for cell
cycle regulation and apoptosis [8]. At present, the main
methods of treating AD at home and abroad are western
medicine and rehabilitation [9]; the former causes unde-
sirable side effects, and the latter is costly and unstable.
Given the relative poverty status of the conventional
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therapy, more and more researchers turn their attention to
the traditional Chinese medicine [10, 11]. Qingxin Kaiqiao
Recipe (QKR), based on Fumanjian, a notable traditional
Chinese medicine compound from Jingyue Quanshu
written by Zhang Jingyue in Ming Dynasty, has been widely
used in clinic for many years and has produced remarkable
effects. QKR is usually used to treat the combination of
excess and deficiency syndrome, which can manifest as
follows: (1) Qi stagnation (mild disorders of behavior and
language, sentimentality, chest oppression, and taut pulse).
(2) Yin deficiency (night sweat or spontaneous sweating,
dry tongue, and fast pulse). But one who can be treated by
QKR needs to have a healthy appetite [9, 12]. QKR is made
up of 10 kinds of Chinese herbs, including Radix
Rehmanniae (Sheng di huang), Radix Paeoniae Alba (Bai
shao), Radix Ophiopogonis (Mai dong), Cortex Moutan
Radicis (Mu dan pi), Poria cocos (Fu ling), Herba Dendrobii
Rhizoma (Shi hu), Rhizoma Acori Tatarinowii (Shi chang
pu), Rhizoma Anemarrhenae (Zhi mu), Sophorae fla-
vescentis (Ku shen), and Pericarpium Citri Reticulatae
(Chen pi). It is currently unknown whether QKR can
improve cognitive performance and exert a neuro-
protective effect on APP/PS1 double transgenic mice via
the PI3K/Akt pathway.

2. Materials and Methods

2.1. Animals. One hundred male APP/PS1 double trans-
genic mice of specific pathogen free (SPF) grade (25± 2 g),
aged 3 months, were purchased from Beijing HFK Co., Ltd.
(Beijing, China; certification number SCXK 2014-0004).
Twenty male wild-type C57/BL6J mice (25± 2 g) were
purchased from Shanghai Slake Laboratory Animal Co., Ltd.
(Shanghai, China; certification number SCXK 2012-0002).
Mice were housed in the animal experimental center of
Wenzhou Medical University (Zhejiang, China; certification
SYXK number 2016-0006). Enough food and water were
accessible to the mice reared in standard laboratory cages
with a 12-hour light/dark cycle. All animal experiments were
conducted in accordance with the ethical requirements
approved by the Chinese Association of Accreditation of
Laboratory Animal Care.

2.2. Reagents and Antibodies. /e 3,3-diaminobenzidine
(DAB) reagent kit was obtained from Hubei Zhong Xin
Biological Technology Co., Ltd. (Wuhan, China). All
primers were obtained from Sunny Biological Science and
Technology Co., Ltd. (Shanghai, China). Donepezil was
purchased from Eisai Pharmaceutical Co., Ltd. (Suzhou,
China) (Number: 100223A). Primary antibodies against
PI3K, p-PI3K, Akt, p-Akt, GSK-3α, IDE, and Aβ were
purchased from Abcam (Cambridge, UK). Primary antibody
against β-actin was obtained from Bioworld Technology,
Inc. (St. Louis Park, MN, USA). Horseradish peroxidase
(HRP)-conjugated IgG secondary antibody was purchased
from Santa Cruz Biotechnology Inc (Delaware, USA), and a
BCA protein assay kit was obtained from Beyotime Bio-
technology Co., Ltd. (Shanghai, China).

2.3. Preparation of QKR. QKR is composed of 10 herbs:
Radix Rehmanniae (Sheng di huang), Radix Paeoniae Alba
(Bai shao), Radix Ophiopogonis (Mai dong), Cortex Moutan
Radicis (Mu dan pi), Poria Cocos (Fu ling), Herba Dendrobii
Rhizoma (Shi hu), Rhizoma Acori Tatarinowii (Shi chang
pu), Rhizoma Anemarrhenae (Zhi mu), Sophorae fla-
vescentis (Ku shen), and PericarpiumCitri Reticulatae (Chen
pi), in a ratio of 2 : 2 : 2 : 2 : 2 : 2 : 2 : 1.5 :1.5 :1 on a dry-weight
basis. All herbs were provided by the Second Affiliated
Hospital of Wenzhou Medical University and verified by the
Department of Chinese Materia Medical of Wenzhou
Medical University. To make 1 g/mL drug stocks, the raw
herbs were decocted with 10 times the volume of distilled
water, extracted twice, filtered, and concentrated, and then,
the drug stocks were stored at 4°C until use.

2.4. Experimental Schedule. /e 3-month-old APP/PS1 mice
were randomly divided into 5 groups by the random number
table method (model group, n� 20; donepezil group:
1.67mg/kg/d, n� 20; high dose of QKR: 19mg/kg/d, n� 20;
medium dose of QKR: 9.5mg/kg/d, n� 20; low dose of QKR:
4.75mg/kg/d, n� 20), and then administered with above-
mentioned medicines via oral gavage. Wild-type C57/BL6J
mice were used as a normal control (n� 20) throughout the
study and were given the same volume of saline water
(0.2mL/10 g weight). Each group was treated once a day at
10:00 am for a period of 3 months (Figure 1).

2.5. Behavioral Test. Spatial learning and memory of mice
was assessed in Morris water maze (MWM) as published
previously by two investigators completely blind to the
treatment of the animals [13]. /e 90 cm diameter pool was
divided into four equal quadrants (South, East, North, and
West), and it was filled with water maintained at 24°C with a
hidden platform (10 cm diameter and 1.5 cm below the
surface of water) located in the middle of the third quadrant.
/e test was performed for 6 days, once per day. In the first
five days, each mouse was placed randomly into the water at
one of the four quadrants, facing the wall of the pool. /e
route of navigation was recorded by the camera above the
pool and analysed by the MWM system. When finding the
platform within 60 s, the mouse was allowed to stand on the
platform for 10 s. If not, it was placed on the platform by
investigators for 10 s. /e 6th day was for spatial probe,
investigators removed the platform and placed the mice into
the pool to swim freely for 60 s. /e number of times they
crossed the original platform within 60 s was recorded by the
camera.

2.6. Hippocampus Collection. In order to conduct different
experiments, we divided mice in each group into two parts
after the MWM test. Five mice selected at random in each
group were anesthetized with an intraperitoneal injection of
10% chloral hydrate; the brains were removed quickly and
placed in 4% paraformaldehyde, and the tissues were fixed in
the 4% paraformaldehyde for 24 h, and then, dehydrated by
passage through a gradient alcohol dehydration at room
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temperature. /e tissues, transparentized with xylene, were
then soaked in wax, embedded in paraffin, and finally, cut
into sections of 5 μm thick. /e rest of mice (n� 15/group)
were killed after anaesthesia; the hippocampus was dissected
under a dissecting microscope, placed in the EP tube, and
stored at −80°C refrigerator.

2.7. TUNEL Staining. TUNEL technique was performed
according to the manufacturer’s protocol supplied within
the TUNEL pod kit (Roche, USA). /e dewaxed slices were
placed into 3% hydrogen peroxide in methanol for 15min
and were added 100 μl protease K (20 μg/ml) for 20min.
After washing with PBS, TUNEL reaction solution was
added to the slices at 37°C for 1 h, and then, the POD was
added to the slices. Finally, the slices were rinsed 3 times and
stained with DAB and hematoxylin. /e number of viable
TUNEL-positive neurons in the hippocampus was observed
by an Olympus fluorescence positive microscope.

2.8. Methenamine Silver Staining. After the slices were
conventionally dewaxed, 0.5% periodate and 8% chromic
acid were added for 15min and 60min, respectively. /en,
the slices were washed with distilled water for 5min, placed
into preheated methenamine silver (Leagene, Beijing), and
kept in an incubator at 60°C for 45min. Finally, the slices
were washed and added 1% gold chloride aqueous solution
to tint for 2min. /e positive granules were calculated in
Image-Pro Plus 6.0 (IPP 6.0).

2.9. Western Blot Analysis. /e frozen hippocampal tissues
were taken out from −80°C refrigerator and lysed in RIPA
lysis buffer containing a protease inhibitor cocktail. After
calculated by the BCA protein assay kit, the total protein was
separated by 6% or 8% SDS-PAGE and then transferred to
polyvinylidene difluoride (PVDF) membranes. /e mem-
branes were blocked in a skim milk blocking buffer for 2 h,
washed 3 times with TBS/0.1% Tween 20, and incubated
overnight with the following primary antibodies: PI3K (1 :
1000), p-PI3K (1 :1000), Akt (1 :1000), p-Akt (1 :1000),
GSK-3α (1 :1000), IDE (1 :1000), Aβ (1 :1000), and β-actin

(1 :1000) at 4°C. /e membranes were then washed 3 times
with TBS/0.1% Tween 20 and incubated with HRP-conju-
gated IgG secondary antibody (1 :1000) for 2 h at room
temperature. /e bands were detected by the chem-
iluminescence reagents ECL Western blotting detection
reagents (USA) and finally analysed by AlphaEase FC gel
image analysis software.

2.10. Immunohistochemistry. /e fixed tissues were re-
moved from refrigerator, dehydrated with a graded alcohol,
impregnated in xylene, embedded in paraffin, and cut into
slices of 5 μm thick. /en, 3% H2O2 was used to close en-
dogenous peroxidase. After closuring with 10% goat serum
for 10min at room temperature, the slices were incubated
with primary antibodies against PI3K (1 :100), p-PI3K (1 :
100), Akt (1 :100), p-Akt (1 :100), and Aβ (1 :100) overnight
at 4°C. Lastly, positive granules were detected by Polink-2
plus ®Polymer HRP Detection System. /e optical density
(OD) (IOD/area) was calculated in Image-Pro Plus (IPP) 6.0.

2.11. Quantitative Real-Time PCR. Total RNA from hip-
pocampus was isolated from TRIzol reagent according to the
manufacturer’s procedures. /e absorbance values of RNA
at OD 260 and OD 280 as well as the RNA content were
detected by an M200 pro full-wave length multifunction
microplate reader (Tecan, Switzerland). /e cDNA was
synthesized with reverse transcriptase (/ermo, USA). /e
quantitative polymerase chain reaction (qPCR), which in-
cludes 0.5 μl of each primer, 1 μl of the cDNA sample, 5 μl of
the SYBR Green I Master, and 3 μl of the DEPC water, were
performed in LightCycler® 480II/96 (Roche, Switzerland).
/e reaction was set as following: 95°C for 4min, followed by
35 cycles of 95°C for 10 s, 54°C for 10 s, and 72°C for 10 s, the
signal was detected at 72°C, and each PCR reaction was
performed in duplicate. Finally, the results were analysed by
the 2−△△Ct method (Table 1).

2.12. Statistical Analysis. All data were processed using SPSS
18.0 statistical software and presented as the mean± standard
deviation. /e data of each group were compared by the
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Figure 1: Study on the effect of QKR on APP/PS1 mice by behavioral and biochemical analysis timetable. QKR, Qingxin Kaiqiao Recipe;
WMW, Morris water maze.
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independent samples t-test and one-way ANOVA. Inter-
group comparison was performed by the LSD method. In all
analyses, P< 0.05 was taken to indicate statistical
significance.

3. Results

3.1. Behavioral Test Results. In the MWM test, compared
with the control group, the path tracking of APP/PS1 mice
was disorganized. /e QKR-treated group, especially the
group of H-QKR, showed a selective search way for the
platform and shorter path length than the model group did
(Figure 2(a)). /e average escape latency of 5 consecutive
days of each group was displayed in curves and histogram
(Figures 2(b) and 2(c)). /ere was no clear distinction
among different groups in the first two days. However, from
the third day onwards, the differences became more and
more obvious./emodel group maintained a longest escape
route from start to finish, while the control group showed
the shortest one on each day. /e latency in the donepezil
and H-QKR groups presented significant differences com-
pared with that in the model group from the 3rd to 5th day
(P< 0.01).

/e above results of the navigation tests with hidden
platformwere supported by a subsequent probe trial without
the platform. /e typical path tracking of each group within
60 s was shown in Figure 2(d). Within the similar total path
length, the model group swam randomly throughout the
tank. Compared with the model group, the H-QKR group
and donepezil groups had more cross-platform locations
and higher percentage of target quadrant searching time
(P< 0.01) (Figures 2(e) and 2(f)). /ese results provided
evidence on the significant compensating effect of H-QKR
on cognitive deficits. Furthermore, to exclude the possibility
that the above results were due to visual or motor im-
pairment, the swimming speed of mice was measured using
a visible platform after the probe test. As shown in
Figure 2(g), there were no statistically significant differences
in average swimming speed among groups (P> 0.05).

3.2. TUNEL Staining Results. /e apoptotic cells stained by
TUNEL staining were brown, the nucleus was blue, and the
background was light blue. /e results showed that the
apoptosis in the model group was quite obvious, compared
with other groups (P< 0.01), but the situation got better
after treatment with donepezil or QKR, especially the

donepezil group, which showed the most palpable effect in
the treatment groups (P< 0.01). In addition, H-QKR pro-
duced the strongest effect among the three doses of QKR
groups (P< 0.01) (Figure 3).

3.3. Methenamine Silver Granule Staining Results. Senile
plaques were black with a light brown background. Com-
pared with other groups, the number of positive plaques in
the hippocampus of mice in the model group increased
significantly (P< 0.01). After treatment with donepezil or
QKR, the number of positive plaques became fewer; how-
ever, the effect of the donepezil group was better than that of
QKR groups (P< 0.01). /ere was also a significant dif-
ference in the number of senile plaques between the high
dose of the QKR group and the medium and low dose of
QKR groups (P< 0.01) (Figure 4).

3.4. Protein Levels of PI3K, p-PI3K, Akt, p-Akt, GSK-3α, IDE,
andAβ in theHippocampus. /e expression levels of Aβ and
GSK-3α protein in the model group were higher than that in
other groups (P< 0.05, P< 0.01), while the levels of p-PI3K,
p-Akt, and IDE were lower than that in the remaining
groups (P< 0.01). /e dose of 19mg/kg/d QKR group
produced the strongest effect among the three doses of QKR
groups, which exhibited the highest expression levels of
p-PI3K, p-AKT, and IDE protein (P< 0.01) and the lowest
expression levels of GSK-3α and Aβ protein (P< 0.01);
however, there were no evident differences in the expression
of PI3K and Akt protein among QKR groups (P> 0.05)

(Figure 5).

3.5. Immunohistochemistry Results. After immunohisto-
chemical staining, the positive cells were stained brown with
a light blue or brown-grey background. /e results showed
that the expression levels of Aβ in the model group were
significantly higher than that in other groups, and the ex-
pression levels of PI3K, p-PI3K, AKT, and p-AKT in the
model group was much lower than the remaining groups
(P< 0.05, P< 0.01). Although the medication group did not
achieve the effect of the normal group, the results were
improved after treatment with donepezil or QKR. Among
them, the donepezil group was the most effective one, fol-
lowed by the H-QKR group (Figure 6).

3.6.GeneExpressionofPI3K,Akt, andAβ in theHippocampus.
/e expression levels of Aβ in the model group was the
highest among all groups (P< 0.05, P< 0.01); meanwhile,
the model group showed the lowest expression levels of PI3K
and Akt (P< 0.05, P< 0.01). After treatment with QKR or
donepezil, the expression of Aβ decreased to varying de-
grees, and the expression of PI3K and Akt increased to
different levels (Figure 7).

4. Discussion

As a major component of senile plaques, Aβ peptide causes
neurotoxicity and plays a key role in the pathogenesis of AD

Table 1: Primer sequences.

Primers Sequence (5′-3′)

PI3K Forward GGAACCAACTTCAGCAGCTC
Reverse GAGCCTCTCTGTCCTGTTGG

Akt Forward CCGCCTGATCAAGTTCTCCT
Reverse TTCAGATGATCCATGCGGGG

Aβ Forward CTGGAGGTGCCCACTGATG
Reverse GGGTCTGACTCCCATTTTCC

β-Actin Forward CGTTGACATCCGTAAAGACCTC
Reverse TAGGAGCCAGGGCAGTAATCT
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[14, 15]. /e accumulation of Aβ can activate apoptosis and
result in neuron cell death [16]. It was demonstrated that the
level of Aβ is increased in AD brains and is related to the
severity of the disease [17]. A classical AD model, APP/PS1
double transgenic mice were used in this research. /e
structure of the mice was based on Aβ pathology, with
learning and memory impairment and detectable Aβ in the
brain at 4 months old and significant amyloidosis at 6
months of age. And three-month-old mice usually have
shown mild cognitive impairment accompanied by mild Aβ
deposition [18, 19]. From the age of 3 months, the mice were

treated with diluted QKR extract for 3 months. It was ex-
citing to see from the results of MWM and silver granule
staining that after 3 months of QKR application, the cog-
nitive performance of QKR-treated AD mice was improved
compared with the model group, and the number of senile
plaques was significantly reduced, indicating its role in
improving cognition ability and reducing Aβ deposition.

QKR is a formula based on Fu Man Jian, a famous
decoction composed of 10 traditional Chinese herbs. /e
major effective chemical compounds are summarized as
follows: (1) Rhizoma Acori Tatarinowii (Shi chang pu):
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Figure 2: QKR improves the spatial and long-term memory decline in APP/PS1 mice. (a) Typical path tracking in hidden platform
navigation experiment. (b) Average latencies curve of one trial a day in the five consecutive days. (c) Quantitative analysis of escape latency
in each group. (d) Representative path tracking in the probe tests without hidden platform. (e)/e average number of times the mice crossed
the platform in 60 seconds. (f ) /e percentage of searching time that the mice of individual groups spent in the target quadrant.
(g) Swimming speed of mice in each group. Compared with the model group, ∗P< 0.05, ∗∗P< 0.01; compared with the donepezil group,
△P< 0.05, △△P< 0.01; compared with the H-QKR group, #P< 0.05, ##P< 0.01. L-QKR, low-dose QKR group; M-QKR, medium-dose QKR
group; H-QKR, high-dose QKR group. QKR, Qingxin Kaiqiao Recipe; WT, wild type.
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Figure 3: Effects of QKR on the number of apoptotic cells. (a) TUNEL staining in the hippocampal CA1 area of each group of mice (original
magnification, ×200). (b) Statistical analysis results of TUNEL staining. (a–f) Control, model, donepezil, H-QKR, M-QKR, and L-QKR
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Figure 4: Methenamine silver granule staining results. (a) Methenamine silver granule staining in the hippocampal CA1 area of each group
of mice (original magnification, ×200). (b) Statistical analysis results of plaques. (a–f ) Control, model, donepezil, H-QKR, M-QKR, and
L-QKR group, respectively. Compared with the model group, ∗∗P< 0.01; compared with the donepezil group, △△P< 0.01; compared
with the H-QKR group, ##P< 0.01. L-QKR, low-dose QKR group; M-QKR, medium-dose QKR group; H-QKR, high-dose QKR group.
QKR, Qingxin Kaiqiao Recipe.
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Figure 5: Continued.

8 Evidence-Based Complementary and Alternative Medicine



4
Pr

ot
ei

n 
le

ve
ls 

of
 G

SK
-3
α

(/
β-

ac
tin

)

3

2

1

0

Co
nt

ro
l

M
od

el

D
on

ep
ez

il

H
-Q

KR

M
-Q

KR

L-
Q

KR

Control
Model
Donepezil

H-QKR
M-QKR
L-QKR

∗∗,##,Δ

##,ΔΔ

∗∗

∗∗ ∗∗

∗∗

(g)

1.5

1.0

0.5

0.0

Pr
ot

ei
n 

le
ve

ls 
of

 ID
E

(/
β-

ac
tin

)

Co
nt

ro
l

M
od

el

D
on

ep
ez

il

H
-Q

KR

M
-Q

KR

L-
Q

KR

Control
Model
Donepezil

H-QKR
M-QKR
L-QKR

∗∗
∗∗

∗∗
∗∗

##,ΔΔ
##,ΔΔ

(h)

Figure 5: Protein expression of PI3K, p-PI3K, Akt, p-Akt, GSK-3α, IDE, and Aβ in the hippocampus. (a) WB for PI3K, p-PI3K, Akt, p-Akt,
GSK-3α, IDE, and Aβ expression in the hippocampus of mice. (b–h) ODs indicative of PI3K, p-PI3K, Akt, p-Akt, Aβ, GSK-3α, and IDE
protein expression. Compared with the model group, ∗P< 0.05, ∗∗P< 0.01; compared with the donepezil group, △P< 0.05, △△P< 0.01;
compared with the H-QKR group, #P< 0.05, ##P< 0.01. L-QKR, low-dose QKR group; M-QKR, medium-dose QKR group; H-QKR, high-
dose QKR group. QKR, Qingxin Kaiqiao Recipe; WB, western blot.
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Figure 6: Immunohistochemistry for the protein expression in the hippocampus of APP/PS1 mice. (a) Immunohistochemistry for PI3K, p-
PI3K, Akt, p-Akt, and Aβ expression in the CA1 region of the hippocampus for each group (original magnification ×200). (b–f) Analysis of
PI3K, p-PI3K, Akt, p-Akt, and Aβ levels by immunohistochemical staining. Compared with the model group, ∗P< 0.05, ∗∗P< 0.01;
compared with the donepezil group, △P< 0.05, △△P< 0.01; compared with the H-QKR group, #P< 0.05, #P< 0.05. L-QKR, low-dose QKR
group; M-QKR, medium-dose QKR group; H-QKR, high-dose QKR group. QKR, Qingxin Kaiqiao Recipe.
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asarone is one of the major ingredients of Rhizoma Acori
Tatarinowii. Asarone and levodopa coadministration in-
crease the striatal dopamine level in 6-hydroxydopamine-
induced rats by modulating P-glycoprotein and tight
junction proteins at the blood-brain barrier (BBB) and
promoting levodopa into the brain [20]. (2) Radix
Ophiopogonis (Mai dong): Methylophiopogonanone A
(MO-A), an active homoisoflavonoid of Radix Ophio-
pogonis which can markedly attenuate BBB damage in
vitro [21]. (3) Radix Ophiopogonis (Mai dong): rusco-
genin, an important steroid sapogenin derived from Radix
Ophiopogonis, which can attenuate cerebral ischemia-
induced BBB dysfunction [22]. (4) Cortex Moutan Radicis
(Mu dan pi): Paeonol (2′-hydroxy-4′-methox-
yacetophenone), a natural component and principle

bioactive compound isolated from the root bark of Cortex
Moutan Radicis, is actively transported from blood to the
brain across the BBB by a carrier-mediated transporter
system [23]. (5) Rhizoma Anemarrhenae (Zhi mu):
compound: 2,6,4′-trihydroxy-4-methoxybenzophenone
in Rhizoma Anemarrhenae (Zhi mu) was found to be an
antioxidant with very high BBB permeability [24].
/erefore, the effect of QKR may be related to its effective
chemical components which can penetrate the blood-
brain barrier and finally enter the brain. Our previous in
vivo experiments have proved that QKR could exert
neuroprotection in AD mice by inhibiting apoptosis via
multiple pathways. QKR could affect apoptosis-related
protein expression, such as stimulation of antiapoptotic
protein regulator Bcl-2 and inhibition of proapoptotic
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Figure 7: Gene expression of PI3K, AKT, and Aβ in the hippocampus. Compared with the model group, ∗P< 0.05, ∗∗P< 0.01; compared
with the donepezil group, △P< 0.05, △△P< 0.01; compared with the H-QKR group, #P< 0.05, ##P< 0.01. L-QKR, low-dose QKR group;
M-QKR, medium-dose QKR group; H-QKR, high-dose QKR group. QKR, Qingxin Kaiqiao Recipe.
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protein regulator Bax and caspase-3 [25]. Existing studies
have reported that the PI3K/Akt pathway is involved in
the activity of different kinds of cells, including the
hippocampal neuronal cells [26, 27]. Akt is a crucial
downstream effector of phosphatidylinositol 3-kinase
(PI3K), and its phosphorylation is essential in cell pro-
liferation and cell death [28]. When the Akt is activated by
the PI3K pathway, it can lead to phosphorylation of
glycogen synthesis kinase-3α (GSK-3α), thus inhibiting
the activity of GSK-3α and then suppressing the formation
of Aβ by interfering with the activity of secretase [29, 30].
Besides, the PI3K/Akt pathway may also be involved in the
regulation of IDE activity, an important Aβ degrading
enzyme, thereby affecting the degradation of extracellular
Aβ [31, 32]. It could be seen from the results of WB
analysis that QKR-treated AD mice showed higher levels
of p-PI3K, p-Akt, and IDE and lower levels of GSK-3α and
Aβ than the model group. /e results of immunohisto-
chemistry and RT-PCR showed that the QKR-treated AD
mice showed higher levels of p-PI3K and p-Akt and lower
levels of Aβ than the model group, indicating the role of
QKR in increasing the activity of the PI3K/Akt pathway.
Furthermore, the TUNEL results revealed that after QKR
treatment, there were fewer apoptotic cells in the AD
mice, which unfolded an antiapoptotic role of QKR.

To sum up, QKR has a good effect on treating AD./e
present experiment showed that the 19 mg/kg/d QKR
(H-QKR) group was the most effective one among the three
doses of QKR groups. However, whether there exists a
higher dose of QKR that producemore effective role remains
to be further explored. /e effect of QKR may be related to
its effective chemical components which can penetrate the
blood-brain barrier and finally enter the brain. We will
perform HPLC-fingerprint analysis in our next experiment
to explore the mechanism of QKR.Moreover, an inhibitor of
PI3K/Akt pathway needs to be applied in the future to better
prove that QKR can indeed work through this pathway.

5. Conclusion

QKR may slow down the progress of AD by alleviating the
level of Aβ, improving the cognitive function, and inhibiting
apoptosis in the APP/PS1 double transgenic mice via the
PI3K/Akt pathway, especially the high dose group of 19mg/
kg/d, which showed almost similar effects with the positive
control group of donepezil, an drug with clinical validity
certification.
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