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Total flavonoids of Cynomorium songaricum attenuates 
cognitive defects in an Aβ1-42-induced Alzheimer’s disease rat 
model by activating BDNF/TrkB signaling transduction
Zhirong Gua, Xin Lvb, Yan Guob, Mei Qia and Bin Gea

Alzheimer’s disease (AD) is a degenerative disorder 
characterized by cognitive dysfunction and BDNF/
TrkB is a well-conceived anti-AD signaling. Cynomorium 
songaricum Rupr. (C. songaricum) is a herb with promising 
neuroprotective effects and the function is majorly 
attributed to flavonoids. The current study attempted to 
explore the effects of total flavonoids of C. songaricum 
(CS) on AD model by focusing on changes in BDNF/
TrkB axis. AD model was induced in rats via transcranial 
injection of Aβ

1-42
 and AD symptoms treated with CS of 

three doses. Donepezil was used as the positive control. 
Changes in rat memory and learning abilities, brain 
histological, apoptosis, production of neurotransmitters, 
BDNF/TrkB axis, and apoptosis-related markers were 
measured. The injection of Aβ

1-42
 induced cognitive 

dysfunction in AD rats. The integrity of brain tissue 
structure was destructed and apoptosis was induced in 
AD rats, in which was found the increased production 
of AChE and Aβ

1-42
, and decreased production of ChAT, 

ACH. At the molecular level, the expression of BDNF, 
TrkB, and Bcl-2 was suppressed, while the expression of 
Bax, caspase-3, and caspase-9 was induced. After the 

administration of CS, the memory and learning abilities 
of rats were improved, the production of neurotransmitter 
was restored, ordered arrangement of pyramidal cells 
was retained, and neuron apoptosis was inhibited. The 
attenuation of Aβ

1-42
-indcued impairments was associated 

with the activation of BDNF/TrkB axis and blockade of 
apoptosis-related pathways. Collectively, CS can improve 
learning and memory abilities in Aβ

1-42
-induced AD 

model rats. which may depend on the activation of the 
hippocampal BDNF/TrkB signaling pathway.  NeuroReport 
34: 825–833 Copyright © 2023 The Author(s). Published 
by Wolters Kluwer Health, Inc.
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Introduction
As one of the most common neurodegenerative disorders 
impairing the elderly population, Alzheimer’s disease 
(AD) is typically characterized by cognitive dysfunction 
and will cause great burden to patients and caregivers. 
Based on the results of numerous studies, intracellular 
neurofibrillary tangles (NFTs) and extracellular senile 
plaques (SPs) within the hippocampus have been con-
ceived as the two major pathogenic mechanisms ini-
tiating AD [1]. Generally, both proteins are formed by 
the dysfunction of specific neural proteins, such as the 
misfolding of highly phosphorylated Tau protein and 
the deposition of amyloid-beta (Aβ) peptides [1], which 
eventually leads to a cascade of neurodegeneration dur-
ing the progression of AD [2]. Due to the increase in 
lifetime during the last decade worldwide, the number 

of AD patients has been steadily rising, and despite sig-
nificant efforts to create disease-modifying treatments 
for AD treatment, conventional pharmacotherapy has so 
far been unable to stop or reverse the progression of AD 
disease. In such situation, investigating new therapeutic 
targets or managing strategy for treating AD is not only 
warranted but also essential.

Traditional Chinese Medicine (TCM) is a treasury for 
discovering natural compounds with multiple promis-
ing pharmacological effects. Certain natural compounds 
from TCM have been shown to ameliorate cognitive 
impairment by improving mitochondrial dysfunction and 
repairing neuroplasticity in patients with neurodegenera-
tive disorders via multiple mechanisms [3–5]. Regarding 
the treatment of AD, there are some Chinese medicine 
extracts also showing considerable effects. For instance, 
hederagenin, a triterpene compound, isolated from Matoa 
(Pometia pinnata) fruit can improve AD model through 
PPARα/TFEB-mediated autophagy [6]. Ginsenoside 
Rb1 also shows neuroprotective effects in a mouse model 
of AD by suppressing the deposition of Aβ and the for-
mation of phosphorylated tau protein [7]. Cynomorium 
songaricum Rupr. is a TCM herb and has been widely 
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employed for the treatment of sexual disorders, such as 
erectile dysfunction and menstrual problems [8]. With 
increasing attention paid to the neurogenerative effects 
of TCM, the neuroprotective potential of C. songaricum 
was also tested. As reported by Cheng et al., extract of C. 
songaricum can ameliorate mitochondrial dysfunction in 
in-vitro models of AD [9]. Additionally, the extract from 
C. songaricum can also alleviate memory impairments by 
activating CREB/BDNF axis in ovariectomized rats [10]. 
Based on the previous study by Meng et al., the functional 
compounds mediating the bioactivity of C. songaricum 
are majorly flavonoids such as epicatenchin, isoquercit-
rin, and phlorizin [9]. Flavonoids are well-characterized 
health-benefiting agents due to their high antioxidant 
capacity as well as their anti-allergic, anti-inflammatory, 
anti-microbial, and anti-cancer activities [11]. Moreover, 
this type of compound can also contribute to the attenu-
ation of neurodegenerative disorders such as AD and PD 
[12–15]. Therefore, the neuroprotective effects of C. son-
garicum extract may be also attributed to the functions of 
flavonoids.

To verify the hypothesis, the current study employed 
total flavonoids of C. songaricum to treat a rat AD model 
induced by the injection of Aβ

1-42
. The effects of C. son-

garicum flavonoid extract (CS) on the cognitive function, 
brain histology, and generation of neurotransmitters were 
detected to explicitly demonstrate the neuroprotec-
tive effects of CS. Additionally, to preliminarily explain 
the pathways mediating the function of CS, the current 
study also detected the changes in BDNF/TrkB axis. 
It is well-known that the function of BDNF via stimu-
lating its high-affinity receptor TrkB contributes to cell 
differentiation, cell survival, synaptic plasticity, and both 
embryonic and adult neurogenesis in central nervous sys-
tem (CNS) [16]. Previous studies have also demonstrated 
possible involvement of altered expression and action of 
the BDNF in the pathogenesis of AD due to an impaired 
neurogenesis during aging [16]. Based on the results of 
these assays, we attempted to reveal the role and associ-
ated mechanism of total flavonoids in the neuroprotec-
tive effects of C. songaricum.

Methods
Chemicals and agents
Aβ

1-42
 (No. 04010011827, Qiangyao Bio) was incubated 

at 37 °C for one week prior to injection and was then 
lyophilized. 1 mg Aβ

1-42
 lyophilized powder was dis-

solved in 50 μl of DMSO and diluted to 5 μg/μl with 
normal saline and kept in a -80 °C refrigerator for sub-
sequent assays. The CS were prepared routinely fol-
lowing our previously published work [17] and mixed 
with normal saline into solutions into concentrations of 
2.5, 5, and 10 mg/ml. Donepezil hydrochloride (5 mg/
tablet) was purchased from Eisai Pharmaceutical (No. 
2010023, China). TUNEL kit was purchased from Roche 
(No. 49330900, Switzerland); BCA protein concentration 

determination kit was purchased from Beyotime (No. 
P0009, Shanghai, China). Antibody against Bax was 
obtained from Proteintech Group (No. 50599-2-1g, 
Wuhan, China); antibodies against Bcl-2 (No. A19693), 
caspase-9 (No. A18676), and TrkB (No. A19832) were 
obtained from ABclonal (Wuhan, China); antibody against 
BDNF (No. Ab108319) Abcam (Shanghai, China); anti-
body against caspase-3 (No. AF6311) was purchased 
from Affinity Biosciences LTD (Jiangsu China). ELISA 
kits for detecting choline acetyltransferase (ChAT) (No. 
ZC-36507), acetylcholine (ACH) (No. ZC-37533), and 
acetylcholinesterase (AChE) (No. ZC-37535) were pur-
chased from Zcibio (Shanghai, China).

Animals and AD model induction
Male Wistar rats (4 months old and weighed 250 ± 50 g) 
were provided by Lanzhou Veterinary Research Institute 
of the Chinese Academy of Agricultural Sciences Animal 
and all the animal assays were performed under the 
approval of Laboratory of the Gansu Institute of Drug 
Inspection and Investigation (approval no. SYXK (Gan) 
2020-0006). After one week of adaptive feeding with nor-
mal diets in our lab, 70 rats were randomly assigned to 
Control group, Sham group, AD group, Donepezil group, 
CSL (CS low) group, CSM (CS Medium) group, and 
CSH (CS High) group (10 for each group). For AD model, 
Donepezil, CSL, CSM, and CSH groups, rats underwent 
intraperitoneal injection of 35 mg/kg 3% pentobarbital 
sodium to induce anesthesia and the location of rats’ hip-
pocampus was established using brain stereotaxic coordi-
nates [18]: 3.0 mm posterior to the bregma, 2.2 mm lateral 
to each side, and 3 mm deep below the dura mater. Then a 
hole at the designated site was drilled using a dental drill, 
and 1 μl of Aβ

1-42
 solution (5 μg/μl) was injected slowly 

(0.2 μl/min) on each side using a microinjector. For rats 
in the Control group, no treatment was performed, while 
for rats in Shzam surgery group, the injection would be 
replaced by an equal volume of normal saline. After with-
drawing the needle, the wound was sutured and the rats 
were singly housed until the wound was fully healed. 3 
days after the modeling, rats in Donepezil group were 
gavaged with a Donepezil solution at a dose of 0.5 mg/
kg once a day for 28 consecutive days, and rats in CSL, 
CSM, and CSH groups were given CS solutions at doses 
of 25, 50, and 100 mg/kg once a day for 28 consecutive 
days, respectively. For rats in Control group, Sham group, 
and AD group, an equivalent volume of normal saline was 
given by gavage once a day for 28 consecutive days.

Morris water maze test
The Morris water maze (MWM) was utilized to assess the 
learning and memory abilities of the rats. The assays were 
conducted according to previously reported procedures 
[19,20] by two investigators who were blind to the animal 
group. The test consisted of a 4-day visible platform trial 
and a 1-day probe trial. During the visible platform trial, 
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the rats were allowed to swim for 60 s to find the platform 
four times a day. If a rat failed to locate the platform, the 
investigators would assist the rat to arrive and remain on 
the platform for 10 s before proceeding to the next test. 
On the 5th day, the probe trial was conducted with the 
platform removed. The rats were given 60 s to explore 
the area where the platform was previously located, and 
the time spent and number of entries through each quad-
rant of the former platform position were measured by 
the investigators.

Step-down test
The step-down test was performed to evaluate the cog-
nitive and memory functions of the rats [21,22], and 
was divided into a learning phase and a memory phase. 
The step-down test was performed with a Step-down 
Recorder (DB097, ShuduoBao, Beijing, China). During 
the learning phase, the rats were allowed to freely 
explore the platform box for 3 min, and then a 36 V 
electric shock was applied. The correct response for the 
rat after receiving the stimulation was to jump onto the 
platform to avoid the shock, while the incorrect response 
was to jump off the platform after the rats had already 
been on the platform. The memory retention ability of 
the rats was tested 24 h later. During memory phase, the 
electronic shock was maintained for five minutes, and 
the latency to jump onto the platform for the first time 
and the number of incorrect responses within 5 min 
were recorded. Upon completion of the step-down test, 
rats were anesthetized with 3% pentobarbital sodium for 
the collection of the femoral artery blood. Then the rats 
were sacrificed with overdose pentobarbital sodium and 
hippocampus tissues were collected and then subjected 
to investigation of H&E staining, TUNEL 427 staining, 
and TEM.

Histological detection
The hippocampus tissues were subjected to H&E stain-
ing to determine the histological changes induced by 
Aβ

1-42
 injection. The tissues were sectioned, dewaxed, 

rehydrated, and stained with hematoxylin and eosin. The 
images were captured an Olympus microscope (Olympus, 
Japan) at ×400 magnification.

Neuron apoptosis was detected with TUNEL staining: 
briefly, after dehydration, paraffin embedding, and dep-
araffinization, the fixed brain tissue was subjected to an 
8-minute microwave recovery with citrate buffer. Then 
TUNEL incubation solution was added and were incu-
bated with the samples at 37 °C for 1 h. Afterwards, DAPI 
staining was incubated with the samples for 15 min to 
stain the nuclei, followed by mounted with glycerin gela-
tin. The apoptosis rate was calculated following apoptotic 
cells/total cells × 100% using a digital slice scanner.

Ultrastructure of hippocampus tissues was determined via 
TEM detection of autophagosome: cells were embedded 

in Epon resin and morphology of autophagosome was 
detected using a transmission electron microscope (JEM-
1400FLASH, Japan) at an acceleration voltage of 120 kV 
at 40 000× magnification.

Immunochemical detection
The expression level and distribution of Aβ

1-42
 in 

hippocampus tissues were determined with immun-
ochemical (IHC) detection. Tissues were fixed with glu-
taraldehyde, sectioned, dewaxed with dimethylbenzene, 
and hydrated with alcohol. Then the primary antibody 
against Aβ

1-42
 (1:1000) was incubated with the tissues at 4 

°C overnight, followed by the incubation by the second-
ary antibody (1:2000) (ab288151, Abcam, China) at 37 °C 
for 30 min. After re-stained with hematoxylin and dehy-
drated, the images were scanned and captured using an 
Aperio ScanScope GL (Aperio Technologies, Vista, CA, 
USA) at 400× magnification.

ELISA detection
The production of ChAT, ACH, and AChE was detected 
following the manufacturers’ instruction.

Western blotting
Total protein was extracted from hippocampal tissues 
using Protein lysis buffer (G2002-100ML, Service-
Bio, Wuhan, China) and protein concentration was 
determined using the BCA protein quantification kit. 
30 μg of protein was loaded and electrophoresed at 
100 V for 15 min. The membrane was then transferred 
at 200 mA for 1 h, blocked with 5% skimmed milk, 
and incubated with primary antibodies against Bax 
(1:5000), Bcl-2 (1:2000), BDNF (1:2000), caspase-3 
(1:2000), caspase-9 (1:2000), TrkB (1:2000), and β-ac-
tin (1:100 000) at 4 °C overnight. After washing, the 
membrane was incubated with secondary antibod-
ies, and the protein bands were visualized using an 
ultra-sensitive ECL chemiluminescence kit. The gel 
imaging system was used to scan the bands, and the 
relative expression of the target protein was calcu-
lated with β-actin as an internal reference.

Statistical analysis
All the data was represented as mean ± SD and the differ-
ence among groups was analyzed using one-way ANOVA 
followed by Tukey’s test. All the statistical analyses were 
performed with IBM SPSS 21.0 with a significant level of 
0.05 (two-tailed P value).

Results
CS improved the cognitive functions of AD rats in both 
MWM and step-down tests
The effects CS on the cognitive functions of AD were 
assessed with MWM and step-down tests. The position-
ing navigation experiment in the MWM test reflected 
the learning and memory abilities of rats: the fluctuation 
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of the data suggests that the average escaping latency 
decreases with the increase of testing days, especially 
from third to fifth days, indicating that Aβ

1-42
 reduced 

the learning and memory ability of rats. During the first 
to fifth days there was no significant difference in the 
average escaping latency of rats in Control group and 
Sham group (P > 0.05) (Fig. 1a). Compared with Sham 
group, the average escaping latency of rats in AD group 
was significantly prolonged (P < 0.05) (Fig.  1a). The 
average escaping latency of rats in Donepezil group was 
significantly shortened (P < 0.05). Regarding the effects 
of CS, the extract exerted the cognitive improving 
effects in a dose-dependent manner. CSL had no signif-
icant effects on the cognitive function of AD rats, while 
the average escape latency of rats in the CSM group was 
significantly shortened during third to fifth days com-
pared with AD group (P < 0.05), and the functioning 
time course for CSH was from the second to fifth days 
(P < 0.01) (Fig. 1a).

On the sixth day of the experiment, the platform was 
removed to test spatial memory ability of the rats. 
Compared with Control group, there was no significant 
difference in the number of platform crossings and tar-
get quadrant dwell time of rats in Sham group (P > 0.05) 
(Fig. 1b and 1c). However, the number of platform cross-
ings and target quadrant dwell time of rats in the model 
group were significantly reduced in AD group compared 
with Sham group (P < 0.05) (Fig. 1b and 1c). The num-
ber of platform crossings and target quadrant dwell time 
were then restored in rats administrated with donepezil 
and high-dose CS (P < 0.05) (Fig. 1b and 1c), and the tar-
get quadrant dwell time of rats in CSL and CSM groups 
were significantly increased (P < 0.05) (Fig. 1c), indicat-
ing that Aβ

1-42
 weakened the spatial exploration ability of 

rats, while CS restored the ability in a dose-dependent 
manner.

Similar results were also detected with step-down tests: 
compared with Sham group, rats in AD group had a signif-
icantly shorter latency in the learning and memory phase 
(P < 0.05) (Fig. 2a) and a significant increase in the number 
of errors (P < 0.05) (Fig. 2b). Regarding rats in Donepezil 
group and CSH group, a significantly prolonged latency 
in the learning and memory phase (P < 0.05) and a sig-
nificant decrease in the number of errors (P < 0.05) were 
recorded (Fig. 2), further confirming the improving effects 
of CS on the cognitive function of AD rats.

CS improved the brain tissue destruction and neuron 
apoptosis in the hippocampus tissue of AD rats
The effect of CS on the hippocampal histology of AD 
rats was firstly detected with H&E staining. As shown 
in Fig.  3, pyramidal cell apoptosis along with blurred 
cell structure, increased cytoplasmic staining, unclear 
nuclear boundaries, and disordered arrangement of 
some pyramidal cells were observed in AD group. The 
impairments on hippocampus tissues were dramati-
cally improved by donepezil and CS: fewer apoptotic 
pyramidal cells and ordered arrangement of pyrami-
dal cells could be observed for the four groups, indi-
cating the repairment of hippocampus tissues by CS 
(Fig. 3). Additionally, the effects of CS on histology of 
hippocampus tissues were also exerted in a dose-de-
pendent manner: in CSH group, the brain tissues 
had intact soft meningeal structure, and no obvious 
inflammatory exudation and no neuronal degeneration, 
could be observed (Fig.  3). Similar results were also 
detected for TUNEL staining and TEM observation: 
the number of TUNEL-positive neurons were firstly 
increased by Aβ

1-42
 injection and then suppressed by 

CS in a dose-dependent manner (Fig. 3 and Figure S1, 
Supplemental digital content 1, http://links.lww.com/
WNR/A716), and the ultrastructure of hippocampus 

Fig. 1

CS improved the memory and learning ability of AD rats in MWM test. Rats were subjected to transcranial injection of Aβ
1-42

 and handled with CS 
of three doses. The memory and learning ability of rats in different groups was then assessed with MWM test. (a) Analysis of escaping latency during 
the 4-day visible platform trial. (b) Analysis of crossing number through the platform location during the 1-day probe trial. (c) Analysis of staying time 
at the platform location during the 1-day probe trial. ‘*’ P < 0.05 vs. Sham group. ‘#’ P < 0.05 vs. AD group.

http://links.lww.com/WNR/A716
http://links.lww.com/WNR/A716
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tissues was also improved by CS by restoring synapse 
number, repairing neuron morphology, and suppressing 
neuron apoptosis (Fig. 3).

CS increased the production of ChAT, ACH, while 
decreased the production of AChE in the serum and 
hippocampus, and inhibited the generation of Aβ

1-42
 in 

the hippocampus of AD rats
The production ChAT, ACH, and AChE was detected 
with ELSIA assays both in serum and hippocampus tis-
sues of rats. In hippocampus tissues, the levels of ChAT 
and ACH were significant suppressed by Aβ

1-42
 injection 

(Fig. 4a and 4b), while the level of AChE was induced 
(Fig.  4c). Similar results were also detected in serum 
samples (Fig.  4d–4f). The producing pattern of the 
markers was then restored by donepezil and CS, and the 
effects of CS were exerted in a dose-dependent manner 
(Fig. 4a–4f). Regarding the production and distribution 
of Aβ

1-42
, the establishment of AD model increased the 

production and distribution of the protein in the hip-
pocampus of rats, which was then restricted by CS in a 
dose-dependent manner (Fig. 4g).

CS activated BDNF/TrkB axis while inhibited 
apoptosis-related pathways in the hippocampus of AD 
rats
The potential mechanism underlying the function of CS 
was explored by detecting changes in BDNF/TrkB axis. 
The expression levels of BDNF and TrkB were both 
suppressed by Aβ

1-42
 injection, which was associated 

with upregulation of pro-apoptosis markers such as Bax, 
caspase-3, and caspase-9 and downregulation of anti-ap-
optosis marker Bcl-2 (Fig. 5). The expression patterns of 
these markers were then reversed by donepezil and CS, 
indicating that the neuro-protective effects of CS might be 
related to the activation of BDNF/TrkB axis. Additionally, 
the effects of CS on the activity of signaling transduction 
were also exerted in a dose-dependent manner with high 
dose of CS showing the strongest effects (Fig. 5).

Fig. 2

CS improved the memory and learning ability of AD rats in step-down 
test. Rats were subjected to transcranial injection of Aβ

1-42
 and han-

dled with CS of three doses. The memory and learning ability of rats in 
different groups was then assessed with step-down test. (a) Analysis 
of latency before jump. (b) Analysis of error number before jump. ‘*’ 
P < 0.05 vs. Sham group. ‘#’ P < 0.05 vs. AD group.

Fig. 3

CS ameliorated Aβ
1-42

-induced brain structure destruction and tissue apoptosis in AD rats. Hippocampus tissues were collected and then subjected 
to investigation of H&E staining, TUNEL staining, and TEM. Green arrow, apoptotic pyramidal cells; Black arrow, dark neurons; Blue arrow, disor-
dered pyramidal cells; Red arrow, destructed cell structure; Yellow arrow, deep cytoplasm; Green circle, regular synapses; Mi, mitochondrial; Yellow 
circle, increased distance between synapses; Red circle, dissolved synaptic vesicles; Black circle.
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Discussion
C. songaricum is a Chinese herbal medicine commonly 
employed for the treatment of sexual disorders [8] by 
modifying the kidney, enriching essence and blood, and 
promoting bowel movement, and also has actions con-
sistent with the TCM theory of the initiation of AD. For 
instance, the study by Cheng et al. showed that extracts 
from C. songaricum can protect neurons against AD symp-
toms in vitro by ameliorating mitochondrial ultrastructure 
impairments and dysfunction [9]. In the study by Tian et 
al., the authors declare that extracts from C. songaricum 
can attenuate memory impairment by activating CREB/
BDNF pathway via suppression of p38MAPK/ERK path-
way [10]. These previous studies demonstrate that the 

neuroprotective effects of C. songaricum can be exerted 
via multiple mechanisms working together, including 
reducing oxidative stress levels, removing oxygen free 
radicals, regulating mitochondrial dynamics imbalance, 
promoting cell regeneration and synaptic growth, pro-
tecting the morphology of hippocampal neurons in brain 
tissues [23], which finally leads to the improved learning 
and memory abilities. However, most previous studies 
employed extracts of C. songaricum as the treating agent, 
few studies have provided valuable information for deter-
mining the major functional components mediating the 
neuroprotective function of C. songaricum, which limited 
the further application and development of products of 
C. songaricum.

Fig. 4

CS increased the production of ChAT, ACH, decreased the production of AChE and the generation of Aβ
1-42

 in AD rats. The production of ChAT, 
ACH, and AChE in serum and hippocampus samples was detected with ELISA. The production and distribution of Aβ

1-42
 was detected with IHC. 

(a) Analysis of ChAT level in hippocampus tissues. (b) Analysis of ACH level in hippocampus tissues. (c) Analysis of AChE level in hippocampus 
tissues. (d) Analysis of ChAT level in serum samples. (e) Analysis of ACH level in serum samples. (f) Analysis of AChE level in serum samples. G, 
images and analysis of Aβ

1-42
 level in hippocampus tissues. ‘*’ P < 0.05 vs. Sham group. ‘#’ P < 0.05 vs. AD group.
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According to the investigation by Meng et al., the major 
functional compound family mediating the bioactiv-
ity of C. songaricum are flavonoids such as epicatenchin, 
isoquercitrin, and phlorizin [9]. In the current study, we 
attempted to evaluate the treatment potential of CS 
against AD model. Based on our data, CS could improve 
cognitive function, repair brain tissue structure, and sup-
press neuron apoptosis in rats injected with Aβ

1-42
, and 

the effects were associated with the increased production 
of ACH, ChAT, decreased the production of AChE as 
well as the inhibited generation of Aβ

1-42
. ACH is a key 

neurotransmitter and its level is positively correlated with 
learning and memory abilities [24]. The balance of ACH 
is generally modulated by AchE and ChAT. However, 
during the progression of AD, a significant decrease in 
ACH synthesis, storage, and release was initiated, which 
in turn causes learning, memory, and recognition dysfunc-
tion [25]. Therefore, the changes regarding these pheno-
types and levels of neurotransmitters in the current study 
solidly demonstrated the anti-AD function of CS.

As a class of well-characterized bioactivity components, 
flavonoids have shown protective effects against diverse 
diseases such as atherosclerosis and cardiovascular dis-
eases via its anti-oxidant and anti-inflammatory activi-
ties [26]. Regarding the effects against neurogenerative 
disorders, multiple studies have also reported the treat-
ment effects of flavonoids against disorders such as AD 
and PD. For instance, the study by Andrikopoulos et al. 
demonstrates that epigallocatechin gallate function as an 
anti-amyloidosis and antioxidation agent [12], and the 
study by Gao et al. shows that cyanidin-3-O-glucoside 

can alleviate AD syndromes by disturbing the aggrega-
tion of single Aβ peptide [13]. The protective effects of 
other flavonoids such as quercetin and oleuropein against 
neurogenerative disorders are also reported [14,15]. The 
current study formed a supplement to these previous 
reports and connected the neuroprotective effects of C. 
songaricum with flavonoids, which not only provides the 
valuable information for explaining the bioactivity of C. 
songaricum, but also guides the future development of 
anti-AD strategy with C. songaricum.

In addition to assessing the effects of CS on AD 
symptoms, the current study also attempted to reveal 
the molecular pathways mediating the function of 
CS. Thus, the changes in Aβ

1-42
-induced changes in 

BDNF/TrkB and apoptosis-related pathways were also 
detected. The administration of CS restored the activ-
ity of BDNF/TrkB axis and suppressed the activation 
of pro-apoptosis pathways. BDNF is one of the most 
widely distributed neurotrophic factors in the mamma-
lian hippocampus and has multiple biological activities, 
such as promoting nervous system development, pro-
tecting against neuronal damage, and improving learn-
ing and memory abilities [27]. Regarding its role in the 
development of AD, the level of BDNF is substantially 
decreased in the hippocampus, olfactory cortex, neo-
cortex, and basal forebrain of AD patients [28]. In the 
current study, the suppression of BDNF was induced 
by Aβ

1-42
, the neurotoxicity of which is considered to be 

the major causable factor contributing to the synaptic 
and cognitive dysfunction associated with AD [29]. The 
inhibited expression of BNDF subsequently blocked 

Fig. 5

CS increased the expression of BDNF, TrkB, and Bcl-2, while inhibited caspase-9, caspase-3, and Bax in hippocampus tissues of AD rats. The 
expression levels of BDNF, TrkB, Bcl-2, caspase-9, caspase-3, and Bax in hippocampus tissues were detected with western blotting. ‘*’ P < 0.05 
vs. Sham group. ‘#’ P < 0.05 vs. AD group.
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the phosphorylation of TrkB as well as the activation of 
downstream pathways such as PI3K/Akt, finally lead-
ing to the impaired memory and learning ability of AD 
patients [30]. The impaired activation of PI3K/Akt will 
also increase the expression of pro-apoptosis molecules 
such as Bax, caspase-3, and caspase-9, while suppressed 
the expression of anti-apoptosis molecules such Bcl-2, 
contributing to the increased apoptosis in brain neu-
rons and exacerbating the pathogenesis of AD [31]. 
Thus, the restored activity of BNDF/TrkB axis by CS 
might explain the mechanism underlying the anti-AD 
function of CS: the activated BNDF/TrkB axis by CS 
modulates the activity of downstream effectors such 
as PI3K/Akt, Bcl-2, Bax, and caspases, and contributes 
to the attenuation of tissue destruction and restored 
production of neurotransmitters, which lead to the 
improved cognitive function of AD rats.

Collectively, CS can improve learning and memory 
abilities in Aβ

1-42
-induced AD model rats. The effects 

may depend on the activation the hippocampal BDNF/
TrkB signaling pathway, which will increase ACH 
level, inhibit neuron apoptosis, and increase synaptic 
plasticity. However, the current study only provides 
a preliminary explanation to the anti-AD function of 
CS. The exact composition of CS is not elaborated by 
the current study, and the changes in the downstream 
of BNDF/TrkB axis also needs further exploration. 
Thus, more comprehensive studies will be performed 
in our lab to promote the application of C. songaricum in 
the management of AD and other neurodegenerative 
disorders.
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