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Abstract  
Kai Xin San (KXS, containing ginseng, hoelen, polygala, and acorus), a traditional Chinese herbal compound, has been found to regulate 
cognitive dysfunction; however, its mechanism of action is still unclear. In this study, 72 specific-pathogen-free male Kunming mice aged 8 
weeks were randomly divided into a vehicle control group, scopolamine group, low-dose KXS group, moderate-dose KXS group, high-dose 
KXS group, and positive control group. Except for the vehicle control group and scopolamine groups (which received physiological saline), 
the doses of KXS (0.7, 1.4 and 2.8 g/kg per day) and donepezil (3 mg/kg per day) were gastrointestinally administered once daily for 2 weeks. 
On day 8 after intragastric treatment, the behavioral tests were carried out. Scopolamine group and intervention groups received scopol-
amine 3 mg/kg per day through intraperitoneal injection. The effects of KXS on spatial learning and memory, pathological changes of brain 
tissue, expression of apoptosis factors, oxidative stress injury factors, synapse-associated protein, and cholinergic neurotransmitter were mea-
sured. The results confirmed the following. (1) KXS shortened the escape latency and increased residence time in the target quadrant and the 
number of platform crossings in the Morris water maze. (2) KXS increased the percentage of alternations between the labyrinth arms in the 
mice of KXS groups in the Y-maze. (3) Nissl and terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling staining revealed 
that KXS promoted the production of Nissl bodies and inhibited the formation of apoptotic bodies. (4) Western blot assay showed that KXS 
up-regulated the expression of anti-apoptotic protein Bcl-2 and inhibited the expression of pro-apoptotic protein Bax. KXS up-regulated the 
expression of postsynaptic density 95, synaptophysin, and brain-derived neurotrophic factor in the cerebral cortex and hippocampus. (5) 
KXS increased the level and activity of choline acetyltransferase, acetylcholine, superoxide dismutase, and glutathione peroxidase, and re-
duced the level and activity of acetyl cholinesterase, reactive oxygen species, and malondialdehyde through acting on the cholinergic system 
and reducing oxidative stress damage. These results indicate that KXS plays a neuroprotective role and improves cognitive function through 
reducing apoptosis and oxidative stress, and regulating synapse-associated protein and cholinergic neurotransmitters.  

Key Words: Kai Xin San; cognitive dysfunction; scopolamine hydrobromide; neuroprotection; oxidative stress; synaptic dysfunction; apoptosis; 
cholinergic system dysfunction; donepezil; neural regeneration 
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Introduction 
Cognitive dysfunction (CD) is a degenerative disease that is 
characterized by abnormalities in learning, memory, speech, 
execution, calculation, and comprehension (Ringman et al., 
2009; Malek-Ahmadi, 2016). Learning and memory impair-
ment and abnormal mental behaviors can affect patients’ 
daily life and social abilities (Petersen, 2004; Tschanz et 
al., 2006; Boyle et al., 2010; Zhang, 2016). The etiology and 
pathogenesis of CD are still unclear. One major hypothesis 
for CD is the cholinergic hypothesis, which states that dys-
function of acetylcholine (ACh) receptors and pathways un-
derlie learning and memory problems (Mufson et al., 2008; 
Chen et al., 2014). The most common drugs administered 
to improve cognitive function are cholinesterase inhibitors, 
glutamate receptor antagonists, and calcium channel block-
ers. However, existing drugs only relieve symptoms and can-
not delay or reverse the progression of cognitive dysfunc-
tion (Petersen et al., 2005; Feldman et al., 2007; Winblad 
et al., 2008). Neuronal degeneration involves a variety of 
pathophysiological processes, and the Chinese herbal com-
pounds can improve learning and memory in scopolamine 
(SCOP)-induced models of CD (Zhang et al., 2017a). The 
unique advantages of Traditional Chinese Medicine, includ-
ing multi-target effects, might confer broader application 
prospects and curative effects on cognitive dysfunction (Lin 
et al., 2015; Dong et al., 2016a). 

Kai Xin San (KXS) comprises ginseng (Panax ginseng C.A. 
Meyer), hoelen (Wolfiporia cocos), polygala (Polygala tenai-
folia Willd), and acorus (Acorus tatarinowii Schott). KXS 
can benefit heart Qi and eliminate phlegm for resuscitation. 
Furthermore, KXS has been found to ameliorate cognitive 
dysfunction and reduce neuronal damage in human exper-
iments and animal studies (Dong et al., 2016b; Qiong et al., 
2016; Lu et al., 2017). Simultaneously, KXS has been shown 
to have the positive effects on improving spatial learning 
and memory (Hu et al., 2013b). According to the medication 
rules for amnesia and dementia, ginseng, polygala, hoelen, 
and acorus located in the positions of 1, 2, 4, and 10, respec-
tively, in a list of high-frequency medicines used in tradi-
tional Chinese formulas, and KXS can be considered as the 
basic prescription for cognitive dysfunction. Ginseng, poly-
gala, hoelen, and acorus are frequently used to treat amnesia 
and dementia in traditional medicine (Ji et al., 2006). KXS 
has been found to increase ACh levels, reduce acetylcholin-
esterase (AChE) activity (Dang et al., 2009), enhance super-
oxide dismutase (SOD) activity, reduce malondialdehyde 
(MDA) concentration (Hu et al., 2013a), and promote the 
up-regulation of brain-derived neurotrophic factor (BDNF) 
(Dong et al., 2016b), postsynaptic density-95 (PSD95), and 
synaptophysin (SYN) (Zhu et al., 2016).

The mechanisms underlying cognitive dysfunction have 
been proposed to include dysfunction of basal forebrain 
cholinergic neurons and AChE activity, and decreased levels 
of choline acetyltransferase (ChAT) and ACh (Ray et al., 
2015; Richter et al., 2017). The therapeutic effect of done-
pezil, a selective AChE inhibitor, is achieved through the 
inhibition of reversible AChE-induced ACh hydrolysis and 

increasing ACh levels (Salloway et al., 2004; Schuff et al., 
2011). Previous studies have found that donepezil has a reg-
ulatory effect on intracerebral cholinergic neurotransmitters, 
and, subsequently, on senescence-accelerated mouse prone 8 
(Zhang et al., 2017b), and in a SCOP-induced mouse model 
(Xu et al., 2016; Zhang et al., 2017a).

SCOP can block brain information transmission and in-
terfere with short-term memory formation (Beatty et al., 
1986; Kopelman and Corn, 1988; Xiang et al., 2012). Sco-
polamine with intraperitoneal injection can cause learning 
and memory deficits, cerebral cholinergic neurotransmitter 
dysfunction, oxidative stress injury, and other pathological 
changes. These changes, which are seen following scopol-
amine administration in mice, simulate cognitive dysfunc-
tion (Kulshreshtha and Piplani, 2016). 

Because of the complex mechanisms underlying cognitive 
dysfunction, it has not been possible to develop appropriate 
behavioral tests or biochemical indexes. This could be linked 
to TCM and KXS in particular. In this study, male Kunming 
mice were orally administered KXS to assess the effects on 
SCOP-induced learning and memory impairments and to 
further explore the underlying mechanisms of KXS in ame-
liorating cognitive deficits. 

Materials and Methods
Preparation of KXS
All KXS herbs (acorus, ginseng, hoelen, and polygala) were 
acquired from the First Affiliated Hospital of Guangzhou 
University of Chinese Medicine (Guangzhou, China). The 
ratio of ginseng, hoelen, polygala, and acorus was 3:3:2:2. 
The extraction procedure shown in Figure 1 is in accor-
dance with previous methods for details (Hu et al., 2010). 
Acorus was added to six parts water as a solvent for 2 hours, 
followed by heat reflux extraction for 8 hours. Volatile oil 
and acorus dregs were saved. Ginseng was extracted twice 
by 60% ethanol as solvent, each time for 1 hour. The extracts 
were combined and filtrated, and the ginseng dregs were 
saved. The dregs of acorus, ginseng, hoelen, and polygala 
were added to 10 parts water and extracted twice, for 1 hour 
each. All extracts were combined and evaporated on a rotary 
evaporator. Finally, volatile oil of acorus and original liquid 
after concentrated were mixed and refrigerated at −20°C. 

Figure 1 Extraction procedure of Kai Xin San.
d.w.: Delivered weight; h: hours.

Acorus

Polygala

GinsengHoelen

Kai Xin San
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The quality of KXS was controlled in accordance with a pre-
vious study (Hu et al., 2013b). 

Animals
Seventy-two specific-pathogen-free male 8-week-old Kun-
ming mice weighing 35–40 g were fed and maintained at 
22 ± 2°C in a 12-hour light and dark cycle. This study was 
approved by the Experimental Animal Ethics Committee 
of Guangzhou University of Chinese Medicine, China in 
March 2017 (approval number: 20170315001). Experimental 
procedures were carried out according to the Guiding Prin-
ciples for the Care and Use of Laboratory Animals as adopt-
ed and promulgated by the United States National Institutes 
of Health. All mice were obtained from the Experimental 
Animal Center of Guangzhou University of Chinese Medi-
cine, China (license No. SCXK (Yue) 2013-0034).

Drug administration
Donepezil (Eisai Pharmaceutical Co., Ltd., China) was dis-
solved in 0.9% sodium chloride (GYZZ No. H44020185) and 
orally administered. Scopolamine hydrobromide (Aladdin 
Company, Shanghai, China) was dissolved in 0.9% sodium 
chloride and given by intraperitoneal injection. All mice 
were randomly divided into one of the following six groups: 
vehicle control group (0.9% sodium chloride, n = 12), SCOP 
group (3 mg/kg per day, n = 12), positive control group 
(SCOP 3 mg/kg per day + donepezil 3 mg/kg per day, n = 
12), low-dose KXS group (SCOP 3 mg/kg per day + KXS 
0.7 g/kg per day, n = 12), moderate-dose KXS group (SCOP 
3 mg/kg per day + KXS 1.4 g/kg per day, n = 12), and high-
dose KXS group (SCOP 3 mg/kg per day + KXS 2.8 g/kg per 
day, n = 12) (Cao et al., 2012; Zhou et al., 2012). 0.9% sodi-
um chloride, donepezil, or KXS were orally administered 
to mice according to the groups, once a day for 2 weeks. 
The experimental procedure is shown in Figure 2. Mice re-
ceived drug administration and then completed behavioral 
tests (Morris water maze and Y-maze test). Behavioral tests 
lasted 1 week and drug administration was performed syn-
chronously during the tests. The experiment lasted a total 
of 2 weeks. The doses of KXS and donepezil were selected 
according to previous studies (Zhou et al., 2012; Zhang et 
al., 2017). Mice were intraperitoneally anesthetized with 1% 
pentobarbital sodium (0.1 mL/10 g, calculated according to 
body weight; Sigma, St. Louis, MO, USA).

Morris water maze test
Morris water maze was performed after 1-week oral ad-
ministration to judge the spatial learning and memory in 
accordance with previously reported methods (Himeno et 
al., 2011). The Morris water maze (Guangzhou Feidi Biol-
ogy Technology Co., Ltd., Guangzhou, China) included a 
round pool (120 cm in diameter, 40 cm in height), an escape 
platform, and recording equipment. The pool was compart-
mentalized equally into four quadrants and the water was 
dyed with black-colored dye. Different-shaped markers were 
attached to the walls of the four-quadrant pool to facilitate 
orientation. The escape platform (circular, black, diameter of 
10 cm) was hidden 2 cm under the water and was placed in 
the center of the fourth quadrants. In the Morris water maze, 
mice must learn to find the hidden platform and remember 
its position. In the subsequent 5-day experiments, mice try 
to find the hidden platform according to different markers 
of the pool wall and different water points. This experiment 
comprised adaptive training, directed navigation, and spatial 
exploration. Mice were placed in the pool and faced towards 
the side wall. The escape latency of swimming was record-
ed for each different starting point, four times a day. If the 
mouse successfully found the escape platform within 60 
seconds, the monitoring system automatically recorded the 
actual time. If the mouse could not find the escape platform 
within 60 seconds, the researcher guided it to the platform 
and it remained there for 10 seconds. The platform was with-
drawn after the directed navigation trials to conduct the spa-
tial exploration part. In short, a software system (EthoVision 
2.0; Noldus Information Technology, Leesburg, VA, USA) 
was used to automatically track the trajectory of mice in the 
labyrinthine pool and to record escape latency, swimming 
trajectories, time spent in the target quadrant, crossing times 
of the platform, and swimming speed. 

Y-maze spontaneous alternation test
The Y-maze spontaneous alternation test was conducted after 
the Morris water maze test. The Y-maze (Shanghai Xinruan 
Information Technology Co., Ltd., Shanghai, China) sponta-
neous alternation test was performed as reported by Kim et al. 
(2011), and measures working memory. The labyrinth consists 
of three arms and a connecting area; the three arms have equal 
angles of 120°, arm lengths of 35 cm, arm widths of 5 cm, and 
arm heights of 15 cm. The test consisted of two phases with 
1-hour intervals. During the training, the new arm was sepa-
rated with a baffle and the mice were placed into the starting 
arm for 10 minutes, during which they had free access to the 
starting arm and the other arm. The test was performed 1 
hour after the training. For this, the baffle in the new arm was 
removed and the mice were placed into the starting arm. The 
number of mice access into the three arms within 10 minutes 
was recorded. An alternation was recorded when mice made 
consecutive visits to the three different arms. The Y-maze 
spontaneous alternation was calculated as follows: Alternation 
behavior (%) = number of alternations/(total arm entries − 2) 
× 100%. At the end of the experiment, arms were cleaned with 
alcohol so as to remove the scent of previous mice. 

Figure 2 Experimental procedure: drug administration and 
behavioral tests. 
Mice received drug administration after the 1-week adaptive 
feeding period. Behavioral tests (the Morris water maze and Y-maze 
spontaneous alternation test) were implemented after the 1-week drug 
administration period. Behavioral tests lasted 1 week, and during which 
drug treatment was continued. The total duration of the experiment 
was 2 weeks.
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Nissl staining
The mice were anesthetized and decapitated (n = 4) imme-
diately after behavioral experiments. The brain slices were 
placed in an oven at 60°C for 2 hours, dewaxed with xylene, 
and dehydrated through a graded alcohol series. The slices 
were immersed in Nissl’s staining solution (Nanjing Ji-
ancheng Institute of Biotechnology, Nanjing, China) and the 
staining time (5–10 minutes) was adjusted. Afterwards, slic-
es were washed clean in running water and double-distilled 
water, dehydrated through a graded alcohol series (70%, 
95%, and 100% alcohol) and made transparent by xylene. 
The distribution of neurons and staining of Nissl bodies 
were observed. Images were captured and analyzed at 200× 
magnification with a light microscope (Leica QWin Plus, 
Leica Microsystems, Wetzlar, Germany).

Terminal deoxynucleotidyl transferase-mediated dUTP 
nick end labeling staining
The mice (n = 4) were anesthetized and decapitated imme-
diately after behavioral experiments. TUNEL staining was 
conducted with the In situ Cell Death Detection Kit (Roche 
Diagnostics GmbH, Mannheim, Germany). The slices were 
placed in an oven at 60°C for 2 hours. Xylene was used for 
dewaxing, and graded alcohol was applied until slices were 
hydrated. Afterwards, the brain paraffin slices were cleaned 
with phosphate buffered saline and dipped in the TUNEL 
reaction mixture. The converter-POD was applied to the 
surface of slices in the wet boxes and kept away from light. 
The slices were treated with 3,3′-diaminobenzidine substrate 
and stained with hematoxylin. Images were captured and 
analyzed at 200× magnification with a light microscope 
(LEICA QWin Plus; Leica Microsystems).

Western blot assay 
The mice (n = 8) were anesthetized and decapitated imme-
diately after behavioral experiments. The cortex and hip-
pocampus of each group were weighed and homogenized 
with lysis buffer as well as adding to 1 mM phenylmethyl 
sulfonylfluoride and a protease inhibitor cocktail. The ho-
mogenate was centrifuged at 3000 × g for 10 minutes at 4°C. 
According to the protein standard of 30 μg per well, the pro-
tein concentration was calculated, and the sodium dodecyl 
sulphate lysate was mixed. The loading buffer was applied 
to adjust the uniform concentration. The sample protein 
was denatured by boiling for 10 minutes at 100°C. The sam-
ple protein of each group was detached by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis and converted to 
the polyvinylidene difluoride membranes. The membranes 
were soaked in 5% bovine serum albumin for 1.5 hours at 
room temperature. The membranes were then soaked over-
night at 4°C with one of the following primary anti-bodies: 
rabbit anti-antiapoptotic Bcl-2, rabbit anti-proapoptotic 
Bax, rabbit anti-PSD95 (1:1000; PSD95 participates in the 
regulation of the number of synapses and promotes the 
formation of synapses), rabbit anti-SYN (1:1000; SYN re-
flected with the synaptic density), rabbit anti-BDNF (1:1000; 
BDNF promotes the differentiation, growth and survival of 

neurons) and mouse anti-β-actin. Subsequently, the polyvi-
nylidene difluoride membranes were soaked in horseradish 
peroxidase-conjugated anti-mouse or anti-rabbit antibodies 
(1:4000) at room temperature for 2 hours. After rinsing on 
the shaker with Tris-buffered saline with Tween, the mem-
branes were placed on the surface of the gel imager by ap-
plying the super-enhanced chemiluminescence western-blot 
analysis-detection reagent (Applygen Technologies Inc., 
Beijing, China). β-Actin was used as an internal control. 
Intensity of the bands was analyzed using ImageJ software 
(National Institutes of Health, Bethesda, MD, USA). The 
results are presented as the ratio between the intensity of 
target proteins. All the antibodies were purchased from Ab-
cam, Cambridge, MA, USA. 

Biochemical analysis
The mice (n = 8) were anesthetized and decapitated imme-
diately after behavioral experiments. The activities of ChAT, 
AChE, and ACh were detected using assay kits (Nanjing 
Jiancheng Institute of Biotechnology, Nanjing, China). The 
cortex and hippocampus of each group were pretreated with 
0.9% sodium chloride. The homogenate was centrifuged at 
3000 × g at 4°C for 10 minutes. The supernatant liquid was 
stored in Eppendorf tube, and the levels and activities of 
ACh, AChE, and ChAT were detected according to the in-
struction manual with a Universal Microplate Spectropho-
tometer (Bio-Rad, Hercules, CA, USA). 

The mice (n = 8) were anesthetized and decapitated imme-
diately after behavioral experiments. The activities of SOD, 
glutathione peroxidase (GSH-Px), and MDA were detected 
using assay kits (Nanjing Jiancheng Institute of Biotech-
nology). The cortex and hippocampus of each group were 
pretreated with 0.9% sodium chloride. The homogenate was 
centrifuged at 3000 × g at 4°C for 10 minutes. The superna-
tant was stored in an Eppendorf tube. The activities of SOD, 
GSH-Px, and MDA were detected in accordance with the 
instruction manual applying a Universal Microplate Spec-
trophotometer (Bio-Rad). 

The mice were anesthetized and decapitated immediately 
after behavioral experiments. Reactive oxygen species (ROS) 
contents were detected using assay kits (Nanjing Jiancheng 
Institute of Biotechnology). The cortex and hippocampus 
of each group were pretreated with 0.9% sodium chloride. 
The homogenate was centrifuged at 3000 × g at 4°C for 10 
minutes. The organizational supernatant was stored in an 
Eppendorf tube, and ROS contents were detected with re-
dox-sensitive fluorescent dye, DCFH-DA. Transformation of 
nonfluorescent DCFH-DA into fluorescent dichlorofluores-
cein in the presence of ROS was detected with a microplate 
reader (Bio-Rad). Fluorescence emission intensity of dichlo-
rofluorescein at 538 nm was detected in response to 485 nm 
excitation. Intracellular ROS content was expressed as a per-
centage that of control cultures incubated in DCFH-DA. 

Statistical analysis
Data, shown as the mean ± SEM, were analyzed using SPSS 
19.0 statistical software (IBM, Armonk, NY, USA). One-way 
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analysis of variance followed by Dunnett’s significant post 
hoc test was conducted for pair-wise multiple comparisons. 
A value of P < 0.05 was considered statistically significant. 

Results
KXS ameliorates spatial learning and memory 
impairments 
In the navigation test, the escape latency of mice decreased 
with an increasing number of training sessions (Figure 3A). 
However, the escape latency was shorter in the KXS groups 
and the positive control group compared with the SCOP 
group. The swimming trajectories of each group on days 
1 and 5 are shown in Figure 3B. Mice in the SCOP group 
exhibited a disorderly trajectory and spent longer finding 
the platform, both of which were improvement after the ad-
ministration of KXS and donepezil. The SCOP group spent 
less time in the target quadrant (P < 0.01; Figure 3C) and 
crossed the platform fewer times (P < 0.01; Figure 3D) than 
the KXS and donepezil groups. Swimming speed was slower 
in the SCOP group compared with the vehicle control group 
(P < 0.05; Figure 3E).

In the Y-maze spontaneous alternation test, the vehicle con-
trol group exhibited more spontaneous alternation compared 
with the SCOP group (P < 0.01; Figure 3F). The spontaneous 

alternations were more frequent after treatment with KXS and 
donepezil compared with the SCOP group (P < 0.05). 

KXS reduces neuronal apoptosis
The hippocampal area of the SCOP group exhibited degen-
erated or shrunken neuronal vacuoles, few or missing Nissl’s 
bodies, and weakly stained and low neuronal numbers (Fig-
ure 4A).The differences between the SCOP group and the 
treatment groups (KXS and positive control) were not yet 
clear. In the TUNEL staining (Figure 4B), compared with 
the vehicle control group, the SCOP group exhibited fewer 
cerebral cortex neurons and more brown apoptotic bodies. 
The KXS and donepezil groups showed less neuronal apop-
tosis than the SCOP group. In addition, the SCOP group 
showed a down-regulated expression of apoptosis-related 
protein Bcl-2 and an upregulation of Bax compared with the 
treatment groups (KXS and positive control) (Figure 4C–D). 
KXS and donepezil groups showed greater Bcl-2 expression 
and lower Bax expression than the SCOP group. 

KXS reduces neuronal degeneration
Synaptic changes in the central nervous system underlie 
learning memory formation. As shown in Figure 5, the 
expression of PSD95, SYN and BDNF were significantly 
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Figure 3 KXS ameliorates spatial 
learning and memory impairments.
Escape latency (A), swimming tra-
jectories (B), time spent in target 
quadrant (C), crossing times of the 
platform (D), and swimming speed (E) 
measured in the Morris water maze 
test. (F) Y-maze spontaneous alterna-
tion. Data are shown as the mean ± 
SEM (n = 12; one-way analysis of vari-
ance followed by Dunnett’s post hoc 
test). The experiment was performed 
in triplicate. #P < 0.05, ##P < 0.01, vs. 
CON group; *P < 0.05, **P < 0.01, vs. 
SCOP group. KXS: Kai Xin San; CON: 
vehicle control; SCOP: scopolamine; 
KXS-L: scopolamine + Kai Xin San 
(0.7 g/kg per day); KXS-M: scopol-
amine + Kai Xin San (1.4 g/kg per 
day); KXS-H: scopolamine + Kai Xin 
San (2.8 g/kg per day); DON: scopol-
amine + donepezil (3 mg/kg per day); 
d: days.
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Figure 4 KXS reduces neuronal apoptosis.
(A) Nissl staining in the hippocampus: neurons were disordered and 
Nissl bodies in the cells were reduced or even vacuolate (red arrow; × 
200). (B) TUNEL staining in the cortex and apoptotic bodes (red arrow; 
× 200). (C, D) Protein expression of Bcl-2 and Bax was detected in the 
hippocampus and cortex, respectively. Data are shown as the mean ± 
SEM (n = 8; one-way analysis of variance followed by Dunnett’s post hoc 
test). The experiment was performed in triplicate. #P < 0.05, ##P < 0.01, 
vs. CON group; *P < 0.05, **P < 0.01, vs. SCOP group. KXS: Kai Xin 
San; CON: vehicle control; SCOP: scopolamine; KXS-L: scopolamine + 
Kai Xin San (0.7 g/kg per day); KXS-M: scopolamine + Kai Xin San (1.4 
g/kg per day); KXS-H: scopolamine + Kai Xin San (2.8 g/kg per day); 
DON: scopolamine + donepezil (3 mg/kg per day). d: Day.
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Figure 5 KXS reverses neuronal 
degeneration. 
(A, B) Western blot assay results 
showed that KXS administration 
increased the expression of PSD95, 
SYN, BDNF in the hippocampus 
and cortex compared with the model 
(SCOP) group, respectively. Data 
are shown as the mean ± SEM (n 
= 8; one-way analysis of variance 
followed by Dunnett’s post hoc test). 
The experiment was performed in 
triplicate. #P < 0.05, ##P < 0.01, vs. 
CON group; *P < 0.05, **P < 0.01, 
vs. SCOP group. KXS: Kai Xin San; 
CON: vehicle control; SCOP: scopol-
amine; KXS-L: scopolamine + Kai 
Xin San (0.7 g/kg per day); KXS-M: 
scopolamine + Kai Xin San (1.4       
g/kg per day); KXS-H: scopolamine 
+ Kai Xin San (2.8 g/kg per day); 
DON: scopolamine + donepezil (3 
mg/kg per day). PSD95: Postsynap-
tic density-95; SYN: synaptophysin; 
BDNF: brain-derived neurotrophic 
factor; d: days. 
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down-regulated in the SCOP group. The KXS and donepezil 
groups showed a higher expression of these neurotrophic 
factors compared with the SCOP group (P < 0.05 or P < 0.01). 

Effect of KXS on cholinergic neurotransmitters 
To investigate the mechanism of action of KXS on ame-
liorating cognitive dysfunction, the activities of AChE and 
ChAT and the contents of ACh were tested (Figure 6). As 
shown in Figure 6A–D, the SCOP group showed signifi-
cantly higher AChE activity and lower ChAT activity com-
pared with the vehicle control group (P < 0.05 or P < 0.01). 
KXS and donepezil increased ChAT activity, and ACh con-
tent (Figure 6E and F), decreased AChE activity to regulate 
this abnormal situation.

KXS alleviates oxidative stress injury
Significantly lower activity of SOD and GSH-Px (Figure 
7A–D) and higher ROS and MDA contents were found in 
the in the SCOP group (P < 0.05 or P < 0.01; Figure 7E–H). 

Discussion
The gradual decline of learning and memory is a typical 
symptom of CD (Mao et al., 2017). In this study, we found 

that KXS reduced learning and memory impairments and 
anti-neuronal apoptosis, regulated the expression of syn-
apse-associated protein and cholinergic neurotransmitters, 
and inhibited oxidative stress damage in the cortex and 
hippocampus. 

Previous in vivo studies have reported that KXS promotes 
long-term potentiation, enhances synaptic plasticity, in-
creases PSD95 expression in the hippocampus and cortex 
(Di et al., 2017), regulates the balance of monoamine neu-
rotransmitters (Shi et al., 2017), and improves cognitive 
impairment and psychiatric symptoms in animal models 
of dementia (Lu et al., 2017). Previous in vitro studies have 
reported that KXS increases the synthesis and release of 
neurotrophic factors (nerve growth factor and BDNF) (Zhu 
et al., 2013), and mitigates astrocyte damage caused by cor-
ticosterone (Wen et al., 2014). In addition, the main active 
ingredients of the KXS herbs reportedly have a beneficial 
effect on cognitive function. Namely, ginsenoside Rg1 has 
been found to reduce Aβ deposition in the hippocampus 
and inhibit Aβ-induced apoptosis (Ye et al., 2017). Pachy-
maran alleviates spatial direction discrimination through 
reducing mouse brain monoamine oxidase activity (Zhang 
et al., 2016). β-Asarone, the main active substance of acorus, 

Figure 6 Effect of KXS on cholinergic 
neurotransmitters.
Assay detection showed that KXS ad-
ministration increased the expression of 
ChAT and ACh, decreased the expres-
sion of AChE in the hippocampus and 
cortex compared with the SCOP group. 
AChE activities (A, B), ChAT activities 
(C, D), and ACh levels (E, F). Data are 
shown as the mean ± SEM (n = 8; one-
way analysis of variance followed by 
Dunnett’s post hoc test). The experiment 
was performed in triplicate. #P < 0.05, 
##P < 0.01, vs. CON group. *P < 0.05, 
**P < 0.01, vs. SCOP group. KXS: Kai 
Xin San; CON: vehicle control; SCOP: 
scopolamine; KXS-L: scopolamine + 
Kai Xin San (0.7 g/kg per day); KXS-M: 
scopolamine + Kai Xin San (1.4 g/kg per 
day); KXS-H: scopolamine + Kai Xin 
San (2.8 g/kg per day); DON: scopol-
amine + donepezil (3 mg/kg per day). 
ChAT: Choline acetyltransferase; ACh: 
acetylcholine; d: days. 
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exerts anti-inflammatory effects by inhibiting the release of 
pro-inflammatory mediators through the nuclear factor-kB 
signaling pathway (Lim et al., 2014). Polygala extract has 
been found to increase the expression of insulin-degrading 
enzyme, enkephalinase, and BDNF by regulating the BDNF/
TrkB signaling pathway to reduce Aβ deposition (Peng et 
al., 2017).

The Morris water maze measures spatial learning and 
memory functions in animal models and is widely used in 
neuroscience research (Morris, 1984; Brandeis et al., 1989; 
Kim et al., 2007). The Y-maze test measures working mem-
ory, learning, exploration ability, and spatial recognition in 
unfamiliar environments  Previous studies have reported 

that KXS improves cognitive abilities in different animal 
models of cognitive deficits (Qiong et al., 2016; Lu et al., 
2017). In this study, the mice in SCOP group presented with 
serious cognitive impairment.

Oxidative stress has been found to lead to lipid peroxida-
tion, oxidation of proteins and DNA, and changes in the re-
dox state, thereby promoting neuronal apoptosis (Jahanshahi 
et al., 2013; Aliev et al., 2014). Bcl-2 and Bax genes reported-
ly have competitive expression trends during the growth and 
development of neurons (Goldsmith et al., 2012). A series of 
apoptotic cascades activate the caspase family and eventually 
cause neuronal apoptosis. In this study, KXS and donepezil 
inhibited Bax up-regulation and promoted Bcl-2 expression, 
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Figure 7 KXS decreases oxidative 
stress injury. 
Assay detection showed that KXS ad-
ministration increased the expression 
of SOD and GSH-Px, decreased the 
expression of ROS and MDA in the 
hippocampus and cortex compared 
with the SCOP group. SOD (A, B), 
GSH-Px (C, D), ROS (E, F), and MDA 
(G, H). Data are shown as the mean ± 
SEM (n = 8; one-way analysis of vari-
ance followed by Dunnett’s post hoc 
test). The experiment was performed 
in triplicate. #P < 0.05, ##P < 0.01, vs. 
CON group. *P < 0.05, **P < 0.01, vs. 
SCOP group. KXS: Kai Xin San; CON: 
vehicle control; SCOP: scopolamine; 
KXS-L: scopolamine + Kai Xin San (0.7 
g/kg/per day); KXS-M: scopolamine + 
Kai Xin San (1.4 g/kg per day); KXS-H: 
scopolamine +Kai Xin San (2.8 g/kg per 
day); DON: scopolamine + donepezil 
(3 mg/kg per day). SOD: Superoxide 
dismutase; GSH-Px: glutathione per-
oxidase; ROS: reactive oxygen species; 
MDA: malondialdehyde; d: day. 
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which strengthened apoptosis modulation.
Some studies have reported that neuronal-synaptic loss 

is the direct cause of dementia onset and cognitive decline 
(Bayer et al., 2005; Holmes et al., 2008; Holtzman, 2008; 
Wilcock et al., 2009). In this study, we found that interven-
tion groups (KXS and positive control groups) had varying 
degrees of neuronal damage. KXS and donepezil treatment 
up-regulated the expression of PSD95, SYN, and BDNF and 
reduced synaptic loss and dysfunction. 

Cholinergic system dysfunction in the brain is one of the 
key factors underlying cognitive dysfunction (Kilimann et 
al., 2017). In early stages of cognitive dysfunction, choliner-
gic system impairments can result in decreased levels of ACh 
and cognitive decline (Yu et al., 2008). ACh levels depend 
on the balance between formation and degradation, which is 
strongly associated with ChAT and AChE levels (Seabrook 
et al., 2007). In this study, the neurotransmitters and active 
enzymes of the cholinergic system were detected. Compared 
with the SCOP group, the KXS groups exhibited higher ACh 
levels and ChAT activity and a decrease of AChE activity in 
both in the cortex and hippocampus. Therefore, KXS pro-
vided a neuroprotective effect via regulation of the choliner-
gic system. Previous studies have shown that donepezil had 
a similar effect of increasing ACh levels in the brain and en-
hancing cognitive ability (Lian et al., 2017; Sui et al., 2017). 

Oxidative stress injury is the one of the factors of aging 
and neurodegenerative diseases. Intraperitoneal injection of 
scopolamine has been found to decrease antioxidant enzyme 
activity in animal brains (Budzynska et al., 2015). Moreover, 
memory impairments can be caused by blocking the trans-
mission of cholinergic signals (Ishola et al., 2013). A previ-
ous study found that the destruction of the redox balance in 
vivo caused a decrease in SOD and GSH-Px enzyme activity 
and an increase of ROS, MDA, and lipid peroxidation, which 
led to neuronal damage and memory dysfunction (Aliev et 
al., 2014). In this study, KXS increased the production of 
SOD and GSH-Px, and reduced the expression of MDA and 
ROS compared with the SCOP group. These results suggest 
that KXS could enhance memory abilities by regulating the 
body’s antioxidant ability and reducing oxidative damage 
induced by scopolamine.

It is worth noting that the adverse reactions caused by 
radix polygalae treatment mainly manifest as nausea, vom-
iting, and allergic symptoms with chest tightness or skin 
itching (Lin, 2011). The individual chemical compounds of 
radix polygalae could inhibit CYP2E1 enzyme activity and 
cause drug interactions. Long-term use of Chinese patent 
medicine or Chinese herbal compounds containing radix 
polygalae comes with carcinogenic and teratogenic risks (Li 
et al., 2014). Therefore, it is important to limit the applica-
tion of radix polygalae. In addition, the research scope and 
application dosage of KXS in the preparation phase have 
been discussed. The doses in the previous studies have neu-
roprotective effects (Cao et al., 2012; Zhou et al., 2012).

According to the equivalent dose ratio converted from 
body surface between human and mouse, the largest adult 
daily powder for clinical application was calculated to be 

21.54 g (the weight of adult 70 kg as the standard). Studies 
on acute and sub-chronic oral toxicity have demonstrat-
ed that, in mice, the no-observed-adverse-effect level, the 
median lethal dose (LD50), and the absolute lethal dose 
(LD100) of KXS were 19.67, 32.59, and 60.04 g/kg, respec-
tively (Mu et al., 2011). Therefore, the dosages of KXS (0.7, 
1.4, and 2.8 g/kg) used in this study (Kunming mice, 8 weeks 
old, 35–40 g) was safe. The minimum dose has a certain 
therapeutic effect and the each group of KXS is effective, 
but the difference between the groups is not significant. We 
will further explore the dose range. This study is an in vivo 
experiment and it is necessary to perform the in vitro exper-
iments further supplement, explain, and verify our findings. 

In conclusion, this study demonstrated the neuroprotec-
tive effect of KXS and the potential underlying mechanisms 
on SCOP-induced cognitive dysfunction. The beneficial 
effect of KXS may have been achieved through reducing 
neuronal apoptosis, ameliorating synaptic dysfunction, reg-
ulating cholinergic neurotransmitters, and decreasing oxi-
dative stress. Future investigations are needed to explore the 
mechanism of KXS, a traditional Chinese herbal formula, on 
cognitive dysfunction. 
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