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Abstract. Alzheimer's disease is a common neurodegenerative
disease characterized by progressive cognitive dysfunction
and behavioral impairment. Aerial parts of Polygala tenuifolia
Willd (APT) is a traditional Chinese medicine used for the
treatment of amnesia. The present study aimed to investigate
the protective effects of APT on scopolamine‑induced learning
and memory impairments in mice. Scopolamine‑induced mice
were used to determine the effects of APT on learning and
memory impairment. Mice were orally administered with
APT (25, 50 and 100 mg/kg) and piracetam (750 mg/kg)
for 14 days, and intraperitoneally injected with scopolamine
(2 mg/kg) from days 8 to 14. Morris water maze and step‑down
tests were performed to evaluate learning and memory. Levels
of acetylcholine (ACh), choline acetyltransferase (ChAT),
acetylcholinesterase (AChE), interleukin (IL)‑1β, IL‑10 and
brain‑derived neurotrophic factor (BDNF) in the hippocampus
and frontal cortex were measured by ELISA. Superoxide
dismutase (SOD), malondialdehyde (MDA) and glutathione
(GSH) were measured via biochemical detection. The results
demonstrated that APT ameliorated learning and memory
impairment in scopolamine‑induced mice. Correspondingly,
APT significantly increased ACh and ChAT levels in the
hippocampus and prefrontal cortex of scopolamine‑induced
mice. Additionally, treatment with APT significantly increased
BDNF and IL‑10 levels, and decreased IL‑1β and AChE levels
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in the same mice. Furthermore, APT significantly increased
SOD activity and GSH content, and decreased MDA levels in
brain tissue. These results indicated that APT may ameliorate
learning and memory impairment by regulating cholinergic
activity, promoting BDNF and inhibiting neuroinflammation
and oxidative stress.
Introduction
Alzheimer's disease (AD), one of the most common forms of
dementia, is caused by neuronal damage in the hippocampus
and other brain regions that results in a decline in learning
and memory (1,2). For millions of individuals worldwide, AD
treatment represents a large economic burden (3). Additionally,
the number of cases is estimated to increase dramatically due
to increasing lifespans and the lifestyle changes (3,4).
A previous study determined that AD severity is associ‑
ated with cholinergic neuron loss and markedly decreased
levels of acetylcholine (ACh) in the brain (5). The cholinergic
system serves an important role in the central and peripheral
control of multiple cognitive processes (6). ACh is synthesized
by choline acetyltransferase (ChAT) in cholinergic neurons
and is hydrolyzed by acetylcholinesterase (AChE) (6). The
decreased release of ACh following cholinergic neuron loss
results in learning deficits. When AD occurs, cholinergic
neurons in the hippocampus and prefrontal cortex are lost,
resulting in the decreased synthesis, storage and release of
Ach (7). This leads to a variety of clinical manifestations,
primarily being memory and cognitive impairment (7). In
the brains of patients with AD, ChAT activity, a rate‑limiting
enzyme for ACh production in the cholinergic system of the
frontal cortex and hippocampus, decreases significantly (8).
Additionally, AD is associated with oxidative stress, inflam‑
mation and hyperhomocysteinemia (8).
It was reported that microglia and astrocytes release large
numbers of pro‑inflammatory cytokines, anti‑inflammatory
cytokines, chemokines and other related factors, including
interleukin (IL)‑1β, IL‑10 and monocyte chemoattractant
protein‑1 (9). IL‑1β is a key regulator of neuroinflammation
and is considered to be a potential genetic risk factor of
dementia (10). It was observed that increased levels of IL‑1β
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occur in the serum and cerebrospinal fluid of patients with AD
and dementia (10). Elevated IL‑1β also activates the microglia
and astrocytes to further increase levels of cytokines and free
radicals, leading to neurotoxicity (10). In patients with AD,
levels of various oxidation products, including sugar, protein,
lipid, nucleic acid and other macromolecule substances,
are significantly increased in the cerebrospinal fluid and
blood (11). Furthermore, markers of oxidative stress are
increased in the urine of patients with AD (11). Although the
brain accounts for 2% of total body mass, oxygen consumption
accounts for 25% (11). Therefore, the brain is more sensitive to
oxidative stress compared with other organs (8). A previous
study revealed that oxidative stress serves an important role
in the pathogenesis of AD (12). Excessive oxidative stress can
result in lipid peroxidation on the membrane of nerve cells or
organelles, and the destruction of protein nitration and nucleic
acid, affecting the synaptic ability of nerve cells and leading to
neuronal apoptosis (11).
The aerial parts of Polygala tenuifolia Willd (APT) is
widely used in China as a traditional medicine for expectorant,
sedative, anti‑aging and anti‑inflammatory properties (13).
APT was first recorded in Divine Farmer's Classic of Materia
Medica for the treatment of amnesia (13). The Clinical Manual
of Traditional Chinese Medicine indicated that the medicinal
sections of APT are the stem and leaves, which are prescribed
using the name ‘Xiaocao’ (13). APT contains various active
ingredients, including flavonoids and phenolic glycosides,
which were reported to serve anti‑inf lammatory and
anti‑oxidative effects (14,15). However, whether APT improves
learning and memory in AD animal models is yet to be eluci‑
dated. Therefore, the current study aimed to investigate the
ameliorating effects of APT extract on scopolamine‑induced
learning and memory impairment in mice. Morris water maze
and step‑down passive avoidance tests were implanted to
achieve aims and explore potential mechanisms.
Materials and methods
Animals. Adult male Kunming mice (20±2 g) 12 weeks old
were purchased from the Experimental Animal Center of Xi'an
Jiaotong University (Xi'an, China) and maintained in specific
pathogen‑free conditions with free access to standardized feed
and water. Animals were additionally housed at 23±2˚C with
a relative humidity of 40‑60% under a 12‑h light/dark cycle.
Animal experiments were approved by the Ethics Committee
of Northwest University (Xi'an, China) and all efforts were
made to minimize animal suffering and the number of rats
used for experimentation. Ten mice were used in each group
and a total of 60 mice were used in the experiments. Animal
health and behavior were monitored daily.
Chemicals and drugs. Scopolamine hydrobromide (Scop;
cat. no. 1601211) was purchased from Suicheng Pharmaceutical
Co., Ltd. ELISA kits for ChAT (cat. no. 20171211),
Ach (cat. no. 20170926) and AChE (cat. no. 20171027),
brain‑derived neurotrophic factor (BDNF; cat. no. 20171106),
IL‑10 (cat. no. 20171113) and IL‑1β (cat. no. 20171113) were
purchased from Yuduo Biological Technology Co., Ltd.
Malondialdehyde (MDA; cat. no. 20171201), superoxide
dismutase (SOD; cat. no. 20171201), glutathione (GSH;

cat. no. 20171201) kits were obtained from the Nanjing
Jiancheng Bioengineering Institute. Bicinchoninic acid protein
assay kits (BCA; cat. no. 12G28C46) were purchased from
Wuhan Boster Biological Technology Co., Ltd. Piracetam
(cat. no. 2160402) were obtained from Renfu Pharmaceutical
Co., Ltd.
Extract preparation. APT were collected from Chengcheng
County (Shaanxi, China) in June of 2017 and authenticated by
Professor MF Fang of Northwest University (Xi'an, China).
APT (500 g) was ultrasonically extracted in triplicate with
50% (v/v) ethanol ten times. The filtrate was subsequently
mixed and concentrated in a vacuum at 50‑60˚C using a rotary
evaporator. The dried residue obtained a yield of 125.5 g, which
was suspended in saline and subjected to in vivo experiments.
The normal dose of aerial parts of Polygala tenuifolia Willd
for human adults is 3.00 g/day (16). Equivalently, the calcu‑
lated dose of aerial parts of Polygala tenuifolia Willd based
on respective body surface areas for mice is 0.4 g/kg/day. The
extraction rate of Polygala tenuifolia Willd is 25%, and so
the dose of aerial parts extract of Polygala tenuifolia Willd
for mice is 100 mg/kg/day. Therefore, 100 mg/kg/day was
chosen as the high dose, 50 mg/kg/day as the middle dose, and
25 mg/kg/day as the low dose in the present study.
Experimental design. Piracetam, a derivative of γ‑aminobutyric
acid, is a new type of memory promoting drug which is used to
treat memory impairment and moderate brain dysfunction (17)
and is selected as positive drug in the present study. After 7 days of
acclimatization, mice were randomly divided into the following
six groups (n=10): The Scop group [2 mg/kg/day; intraperito‑
neal (ip) Scop] (18); the Piracetam (Pir) group [2 mg/kg/day ip
Scop and 750 mg/kg/day rally administered (ig) Pir] (19); the
APT‑25, APT‑50 and APT‑100 groups, which were treated with
Scop (2 mg/kg/day ip) and 25, 50 and 100 mg/kg/day (ig) APT,
respectively; and the normal control (NC) group, which was
treated with 5 ml/kg saline. Apart from the NC group, mice
were injected ip with 2 mg/kg Scop for 1 h following admin‑
istration of APT. Behavioral testing started 30 min following
ip injection of Scop. The therapeutic drug of APT or Pir was
administered for 14 days and Scop was continuously adminis‑
tered ip from days 8 to 14 (Fig. 1).
After 14 days of APT administration, the spatial learning and
memory of Scop‑induced mice was assessed via Morris water
maze and step‑down tests. Following behavioral assessment,
pentobarbital sodium (200 mg/kg body weight, ip) was used for
euthanasia, which was approved by the Ethical Committee of
Northwest University. When the animal has no breath and no
heartbeat, the brains were removed for biochemical analysis.
The hippocampus and prefrontal cortex were dissected and
stored at ‑80˚C until protein and ELISA analysis. The timeline
of the present study is presented in Fig. 1.
Morris water maze test. A Morris water maze test was
performed 30 min following Scop injection to evaluate
memory‑related behaviors. A large circular tank (diameter,
150 cm; height, 35 cm) was filled with water to a depth of
20 cm and maintained at a temperature of 25±2˚C. Ink was
added into the water to prevent mice from seeing the platform.
The platform (10x10 cm) was fixed and hidden 2 cm below
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Figure 1. Timeline showing a summary of the experimental design. APT, aerial parts of Polygala tenuifolia Willd.

the water surface. During the acquisition‑testing phase, mice
completed four trials per day for four consecutive days during
which they were left to locate the submerged platform. During
these four consecutive days, starting positions were randomized
for all mice. The mouse was permitted to rest on the platform
for 10 sec, following which it was required to successfully
locate the platform within 120 sec. The time between the first
placement in water to platform location was recorded as the
escape latency. If the mouse failed to find the platform within
the permitted time, escape latency was recorded as 120 sec,
after which the mouse was physically placed on the platform
for 10 sec. On day 5, the retention of spatial reference memory
was recorded by a probe trial with the platform being removed
from the pool. The number of platform crossings in the target
quadrant was recorded as indices of spatial memory and the
mice were allowed to swim freely for 120 sec.
Step‑down test. After the Morris water maze test, the step‑down
test was performed. Six plastic boxes (15x15x40 cm3) with a
high platform (diameter, 4.5 cm; height, 4.5 cm) were used
for experimentation. Parallel caliber stainless steel bars were
installed to produce a mild shock on the floor of the plastic box.
All mice received training before the test and were allowed
to acclimatize for the first 3 min. Mice were placed on the
platform and received continuous shocks (36 V) for 5 min as
soon as they stepped down on the grid and floor. Mice would
then step up to the platform. All animals underwent the same
experimental procedure after 24 h, during which the frequency
of steps down to the grid floor and the time from the first step
down to the platform were recorded. Results were obtained
within 300 sec.
Determination of ACh, AChE, ChAT, BDNF and IL‑1β levels
in the hippocampus and frontal cortex. Levels of ACh, AChE,
ChAT, BDNF, IL‑10 and IL‑1β were measured using ELISA.
All ELISA experimental procedures were performed in
accordance with the manufacturer's protocol (Yuduo Biotech).
Absorbance was measured using a microtiter plate reader
(PerkinElmer, Inc.) at a wavelength of 450 nm. Levels of
indicators in the hippocampus and cortex were normalized to
protein per mg, and expressed as per mg protein.
Determination of MDA and GSH levels and SOD activity in
murine brains. Brain tissue was homogenized in ice‑cold 0.9%
saline solution and centrifuged at 600 x g for 10 min at 4˚C.
The resulting supernatant was used to determine SOD, MDA

and GSH levels using biochemical kits (Nanjing Jiancheng
Bioengineering Institute) according to the manufacturer's
protocol. The results of MDA, GSH and SOD activity were
normalized to protein content.
Statistical analysis. All results were expressed as the mean ± SD
and data were analyzed using SPSS 24.0 (IBM Corp.). Datasets
with multiple comparisons were evaluated using one‑way
ANOVA followed by Tukey's post hoc test. P<0.05 was consid‑
ered to indicate a statistically significant difference.
Results
Morris water maze test. As shown in Fig. 2A, the escape
latencies of all groups gradually decreased over the course
of acquisition testing, indicating that all animals were able to
locate the platform. Compared with the NC group, the Scop
group demonstrated a significant increase in escape latency over
the four training days (P<0.01). On the second day of training,
when compared with the Scop group (105.08±17.58 sec), the
Pir group (81.12±19.99 sec) exhibited a significantly decreased
escape latency (P<0.01). When compared with the same group,
the APT‑100 group (80.80±11.08 sec) exhibited a significantly
decreased escape latency (P<0.01). On the third day of training,
when compared with the Scop group (97.89±12.80 sec), the
escape latencies of mice in the APT group were significantly
decreased by 17.21% in the 50 mg/kg group (P<0.05) and
22.88% in the 100 mg/kg group (P<0.01). On day 4, escape
latencies in the 25, 50 and 100 mg/kg APT groups were
significantly decreased by 16.80 (P<0.05), 26.71 (P<0.01) and
30.57% (P<0.01), respectively when compared with the Scop
group (87.63±8.49 sec).
In the probe trial, the number of crossing target quadrants
was used to evaluate the retention of spatial memory. As shown
in Fig. 2B, compared with the NC group, the Scop group
exhibited a 58.36% decrease in the number of crossing target
quadrants (P<0.01). Furthermore, the 25, 50 and 100 mg/kg
APT groups demonstrated a 48.36% (P<0.05), 84.43% (P<0.01)
and 116.39% (P<0.01) increase in the number of crossing
target quadrants when compared with the Scop group. Pir
groups demonstrated a significant increase in the number of
crossing target quadrants when compared with the Scop group
(P<0.01).
Step‑down passive avoidance test. In the step‑down test
(Fig. 3), the Scop group demonstrated a 53.23% decrease in
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Figure 2. Effects of APT on spatial learning and memory in the Morris water maze test. (A) The escape latency in the Morris water maze test. (B) The number
crossed on the former platform location. Data are presented as the mean ± standard deviation. **P<0.01 vs. NC group. #P<0.05 and ##P<0.01 vs. Scop. APT,
aerial parts of Polygala tenuifolia Willd; Scop, scopolamine; Pir, piracetam; APT‑25, 25 mg/kg APT, APT‑50, 50 mg/kg APT; APT‑100, 100 mg/kg APT;
NC, normal control.

Figure 3. Effects of APT on the step‑down passive avoidance test. (A) Step‑down (A) latency (B) error frequency. Data are presented as the mean ± standard
deviation. **P<0.01 vs. NC group. #P<0.05 and ##P<0.01 vs. Scop. APT, aerial parts of Polygala tenuifolia Willd; Scop, scopolamine; Pir, piracetam; APT‑25,
25 mg/kg APT, APT‑50, 50 mg/kg APT; APT‑100, 100 mg/kg APT; NC, normal control.

step‑down latency (P<0.01) and a 112.50% increase in error
frequency (P<0.01) when compared with the NC group.
Treatment with 25 mg/kg (171.75±40.58 sec; P<0.05), 50 mg/kg
(191.13±45.38 sec; P<0.05) and 100 mg/kg (257.88±30.77 sec;
P<0.01) APT significantly increased the step‑down latency and
decreased the error frequency (25 mg/kg, 3.38±0.74, P<0.05;
50 mg/kg, 2.75±0.71, P<0.01; 100 mg/kg, 2.63±0.74, P<0.01)
when compared with the Scop group (latency, 126.63±25.75
sec; error frequency, 4.25± 104). The Pir group, in comparison
to the Scop group, also demonstrated significantly increased
step‑down latency (263.63±41.12 sec; P<0.01) and significantly
decreased error frequency (2.25±0.46; P<0.01).
Effects of APT on ACh, AChE and ChAT levels in brain tissue.
As shown in Fig. 4A and D, ACh levels in the hippocampus
and frontal cortex were significantly lower in the Scop group
compared with the NC group (P<0.01). Following APT
administration, ACh levels were significantly increased in
the hippocampus and frontal cortex compared with the Scop
group (P<0.05 and P<0.01). The Pir group also demonstrated
a significant increase in ACh levels compared with the Scop
group (P<0.01). There was no significant difference in ACh,

AChE and ChAT content between the Pir and APT groups in
the hippocampus and frontal cortex (Fig. 4).
As presented in Fig. 4B and E, the Scop group exhibited
significantly higher levels of AChE compared with the NC
group (P<0.01). APT treatment significantly decreased AChE
activity compared with Scop‑treated animals (P<0.05 and
P<0.01). A significant reduction was also observed in the Pir
group compared with the Scop group (P<0.01).
ChAT levels in the hippocampus and frontal cortex of
Scop‑treated animals were significantly reduced compared
with the NC group (P<0.01). Additionally, following treatment
with APT, ChAT levels in the same areas of the brain were
significantly increased (P<0.05 and P<0.01) compared with
the Scop group (Fig. 4C).
Effects of APT on BDNF in brain tissue. As shown in Fig. 5A,
BDNF levels in the hippocampus and frontal cortex of mice were
significantly decreased in the Scop group (P<0.01) compared
with the NC group. Furthermore, APT treatment significantly
increased BDNF levels compared with the Scop group (P<0.05).
A significant increase in BDNF levels was also observed in the
Pir group compared with the Scop group (P<0.01).
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Figure 4. Effects of APT on Ach, AChE and ChAT levels in the hippocampus and prefrontal cortex in the Scop‑induced model. (A) Ach, (B) AChE and (C) ChAT
levels in the hippocampus. (D) Ach, (E) AChE, (F) and ChAT levels in the prefrontal cortex. Data are presented as the mean ± standard deviation. **P<0.01
vs. NC group. #P<0.05 and ##P<0.01 vs. Scop. APT, aerial parts of Polygala tenuifolia Willd; Scop, scopolamine; Pir, piracetam; APT‑25, 25 mg/kg APT, APT‑50,
50 mg/kg APT; APT‑100, 100 mg/kg APT; Ach, acetylcholine; AChE, acetylcholinesterase; ChAT, choline acetyltransferase; NC, normal control.

Figure 5. Effects of the aerial parts of APT on BDNF, IL‑1β and IL‑10 levels in the hippocampus and prefrontal cortex in the Scop‑induced model. (A) BDNF,
(B) IL‑1β and (C) IL‑10 levels in the hippocampus. (D) BDNF, (E) IL‑1β and (F) IL‑10 levels in the prefrontal cortex. Data are presented as the mean ± stan‑
dard deviation. **P<0.01 vs. NC group. #P<0.05 and ##P<0.01 vs. Scop. APT, aerial parts of Polygala tenuifolia Willd; Scop, scopolamine; Pir, piracetam;
APT‑25, 25 mg/kg APT, APT‑50, 50 mg/kg APT; APT‑100, 100 mg/kg APT; NC, normal control; BDNF, brain‑derived neurotrophic factor; IL, interleukin.
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Figure 6. Effects of the aerial parts of APT on SOD, MDA and GSH levels in the Scop‑induced model. (A) SOD, (B) MDA and (C) GSH levels. Data are
presented as the mean ± standard deviation. n=10. **P<0.01 vs. NC group. #P<0.05 and ##P<0.01 vs. Scop. APT, Polygala tenuifolia Willd extract; Scop,
scopolamine; Pir, piracetam; APT‑25, 25 mg/kg APT, APT‑50, 50 mg/kg APT; APT‑100, 100 mg/kg APT; NC, normal control; SOD, superoxide dismutase;
MDA, malondialdehyde.

Effects of APT on IL‑1β and IL‑10 in brain tissue. IL‑1β levels
were significantly increased in the Scop group compared with
the NC group (Fig. 5B; P<0.01). Additionally, treatment with
APT significantly decreased IL‑1β activity compared with the
Scop group (P<0.01).
IL‑10 levels in the hippocampus and frontal cortex of mice
were significantly lower in the Scop group compared with the
NC group (Fig. 5C and F; P<0.01). However, treatment with
APT significantly increased IL‑10 levels when compared with
the Scop group (P<0.05 and P<0.01).
Effects of APT on SOD activity and MDA and GSH levels in
brain tissue. As shown in Fig. 6A, SOD activity in the Scop
group significantly decreased in the brain tissue compared with
the NC group (P<0.01). Treatment with 25 mg/kg (33.89%;
P<0.05), 50 mg/kg (42.16%; P<0.05) and 100 mg/kg (56.78%;
P<0.01) APT significantly increased SOD activity compared
with the Scop group. Furthermore, MDA levels in the remaining
brain tissue were significantly increased in the Scop group
compared with the NC group (P<0.01; Fig. 6B). However, APT
treatment demonstrated a significant dose‑dependent decrease
in MDA levels compared with the Scop group (P<0.05 and
P<0.01; Fig. 6B). As presented in Fig. 6C, GSH levels signifi‑
cantly decreased in the Scop group compared with the NC
group (P<0.01). However, following treatment with 25 mg/kg
(36.89%; P<0.05), 50 mg/kg (42.21%; P<0.05) and 100 mg/kg
(48.36%; P<0.01) APT, GSH levels significantly increased
compared with Scop‑treated mice (Fig. 6C).
Discussion
The present study assessed the effects of APT treatment on
learning and memory impairment in Scop‑induced mice.
The results revealed that Scop administration induced spatial
learning and memory impairment, which was subsequently
reversed following APT treatment. It was also demonstrated
that APT treatment increased step‑down latency and decreased
error frequency in Scop‑induced mice. Additionally, APT
treatment significantly increased ACh and ChAT levels and
decreased AChE content in the hippocampus and prefrontal
cortex of Scop‑induced mice. The results of the current study
also demonstrated that APT significantly increased BDNF and
IL‑10 levels, and decreased IL‑1β levels in the hippocampus

and prefrontal cortex of Scop‑induced mice. Furthermore,
APT significantly increased SOD activity and decreased MDA
and GSH levels. In the present study, piracetam was selected as
the positive drug, which has been originally used as medication
for AD and dementia (17). Its mechanism of action bases on
facilitating activity in neurotransmitter systems such as cholin‑
ergic, dopaminergic, noradrenergic systems, and maintaining
neuron receptors (19). In the present study, piracetam or APT
can significantly ameliorate learning and memory impair‑
ment by regulating cholinergic activity, promoting BDNF and
inhibiting neuro‑inflammation and oxidative stress. The results
indicated that APT may be used as a neuroprotective drug for
Scop‑induced learning and memory impairment.
The cholinergic system is considered to be the epicenter
of diseases characterized by cognitive deficits (7). Nicotinic
and muscarinic receptors, the cholinergic receptors of the
brain, are involved in memory formation (17). Scopolamine,
a muscarinic cholinergic receptor antagonist, impairs learning
and memory in humans and rodents, particularly during
learning acquisition and short‑term memory (18). Furthermore,
scopolamine significantly increased AChE and MDA levels
in the cortex and hippocampus, increasing oxidative stress in
the brain (20,21). Scopolamine has been widely accepted as
a pharmacological model to study cognitive impairment (22).
Therefore, the present study utilized a murine scopolamine
model to evaluate the ameliorating amnesia effects of APT.
The results demonstrated that APT treatment not only reversed
the scopolamine‑induced increase in escape latency but also
increased the number of crossings into the target quadrant.
Furthermore, APT increased step‑down latency and decreased
error frequency of scopolamine‑induced mice. The results
indicated that APT improved scopolamine‑induced learning
and memory impairment.
Cholinergic neurons are primarily distributed in the basal
nucleus, the diagonal band of Broca and the medial septal
nucleus of the brain (17). These neurons transport large
quantities of ACh to the cerebral cortex and hippocampus via
projecting fibers (16). Previous studies have demonstrated that
ACh, which is synthesized by ChAT in cholinergic neurons
and hydrolyzed by AChE after its release, is vital to learning
and memory processes (20‑22). In patients with AD, enzymes
involved in the cholinergic system are particularly involved
and the activity of ChAT, the rate‑limiting enzyme for ACh

BIOMEDICAL REPORTS 13: 37, 2020

production in frontal cortex and hippocampus, is significantly
decreased (7). Thus, AChE inhibition may serve as a thera‑
peutic target for the treatment of AD (5). In the current study,
treatment with APT significantly inhibited AChE activity and
effectively increased the levels of ChAT and ACh, and amelio‑
rated learning and memory impairment.
BDNF is an important member of the neurotrophin family
and serves an important role in the differentiation, prolifera‑
tion, nutrition and maturation of neurons (23). BDNF can also
enhance synaptic connections, affect neuronal plasticity and
influence neurotransmitter synthesis (23,24). The results of the
present study indicated that treatment with APT significantly
increased BDNF levels in the hippocampus and frontal cortex
of mice. Previous studies have demonstrated that systemic
inflammation is closely associated with dementia (25,26).
IL‑1β, a pro‑inflammatory cytokine, is vital for the develop‑
ment of a complex hormonal and cellular inflammatory
cascade (9). It was reported that IL‑1β can promote the
progression of neurodegenerative diseases by inducing nitric
oxide production and declining cholinergic function, in turn
improving AChE activity (10,27). Furthermore, IL‑10, an
important anti‑inflammatory cytokine, serves an important
role in recovery from brain injury and may reduce the risk
of AD (9,28). If cytokines in the brain are dysregulated,
they may cause corresponding pathologic changes, including
inflammatory effects and oxidative stress, affecting neural
homeostasis (27,29,30). In the present study, APT treatment
significantly decreased IL‑1β levels and increased IL‑10 levels
in the hippocampus and frontal cortex of scopolamine‑treated
mice. The results indicated that APT improved learning and
memory via pro‑inflammatory and anti‑inflammatory media‑
tors in scopolamine‑induced mice.
Scopolamine not only interrupts cholinergic neurotrans‑
mitters, but also triggers oxidative stress in the brain, which
are associated with the pathogenesis of AD (18). Oxidative
stress can cause damage to brain cells and other neural
tissues, leading to aging and untimely cell apoptosis (11).
The imbalance between reactive oxygen species produc‑
tion and elimination by antioxidant enzymes results in lipid
peroxidation, cellular signaling pathway and gene regulation
alterations (31). MDA, produced via lipid peroxidation in free
radicals, causes the cross‑linking polymerization of protein,
nucleic acid and other living macromolecules, and also results
in cytotoxicity (12). It is one of the most important products
of membrane lipid peroxidation and serves as an indicator of
oxidative stress (12,32). A previous study measured antioxi‑
dant enzyme activity and peroxide content in the brain tissue
of patients with AD, the results of which revealed that GSH
and SOD activities were significantly lower compared with
healthy individuals, while MDA levels were significantly
increased (33). The results further demonstrated that the
production of free radicals in patients with AD was increased,
inducing serious damage and decreasing the function of
neurons (33). Lipid peroxide increases membrane fluidity on
the surface of the cell membrane and causes neurodegenerative
lesions (12). It was reported that APT contains various active
ingredients such as flavonoids and phenolic glycosides, espe‑
cially mangiferin, which is able to protect the central nervous
system from oxidative stress, mitochondrial dysfunction and
neuroinflammation and plays a role in improving declined

7

memory and cognition (34). In the present study, scopolamine
treatment significantly increased MDA levels and decreased
SOD and GSH levels. However, following treatment with APT,
SOD activity and GSH levels were significantly increased,
and MDA levels were significantly decreased, indicating that
APT improved learning and memory impairment through an
anti‑oxidant effect.
The administration of APT significantly decreased escape
latency, increased the number of crossings into the target
quadrant, increased step‑down latency and decreased error
frequency in scopolamine‑induced mice. APT also facilitated
central cholinergic activity by inhibiting AChE and increasing
ACh and ChAT levels in the brains of mice. Treatment with
APT also significantly increased BDNF and IL‑10 levels, and
decreased IL‑1β levels in murine brains. Furthermore, APT
significantly increased SOD activity and decreased levels of
MDA and GSH. The results indicated that APT treatment may
ameliorate learning and memory impairment by regulating
cholinergic activity, promoting BDNF and inhibiting neuroin‑
flammation and oxidative stress.
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