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[Abstract] Objective: Alzheimer’s disease (AD) is the most common age-related neuro-
degenerative disorder. Emerging evidence suggests that synaptic dysfunction is associated with 
the onset and progression of AD. Interestingly, Ginkgo biloba extract (EGb) is one of the most 
frequently investigated herbal medicines for enhancing cognition and alleviating neurodegenerative 
dementia. This study aimed to investigate the effect and the mechanism of EGb on AD-like 
synaptic disorders. Methods: Scopolamine (SCO)-induced rats were used to mimic AD-like 
memory deficits. Morris water maze test and fear conditioning test were conducted to evaluate 
the memory status of rats in response to different treatments. Then, the synapse alterations were 
assessed by Golgi staining, and Western blotting was conducted to assess the protein expression of 
PSD95, GluN2B, synapsin-1, and synaptophysin. Reverse transcription quantitative polymerase 
chain reaction was applied to detect the mRNA expression of PSD95 and the levels of miR-1-3p/
miR-206-3p. Results: EGb supplement alleviated the learning and memory deficits induced by 
SCO in behavioral experiments. Moreover, EGb treatment attenuated synaptic damage elicited 
by SCO, manifested as increased dendritic spine density and the proportion of mushroom-type 
spines in hippocampal neurons. Further investigation indicated that EGb rescued the expression 
of synaptic-related proteins, especially PSD95, and decreased the levels of miR-1-3p/miR-206-
3p in the rat hippocampus. Conclusion: The application of EGb effectively treats SCO-induced 
memory impairments probably by suppressing miR-1-3p/miR-206-3p and elevating the expression 
of PSD95.
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Alzheimer’s disease (AD) is a neurodegenerative 
disorder characterized by progressive cognitive 
deficits. The formation of extracellular senile plaques 
and intracellular neurofibrillary tangles is a hallmark 
event for this disease. Notably, synaptic deterioration, 
which occurs in the early stage of AD, is commonly 
associated with memory impairments and subtle 
behavioral changes[1]. Furthermore, emerging lines 
of evidence have revealed that the accumulation of 
amyloid-β (Aβ) and hyperphosphorylated tau can 
directly or indirectly impair synaptic function, and even 
contribute to synaptic loss[2]. Accordingly, targeting the 
synaptic damage may be a promising research topic 
conducive to the early detection and treatment of AD.

Ginkgo biloba (EGb) is one of the oldest living tree 
species in the world, and has been widely cultivated 
due to its health-promoting effect. The extract derived 
from the dried leaves of EGb contains two major 
constituents: flavonoids and terpene lactones. Both 
of them present a variety of biological activities. 
Substantial reports have documented that EGb has 
positive effects in attenuating AD and other age-related 
neurodegenerative disorders. For example, EGb can 
enhance adult hippocampal neurogenesis in an AD 
mouse model and alleviate the neuropathological 
damage of Parkinson’s disease[3, 4]. Furthermore, EGb 
administration can suppress the excitotoxity and 
apoptosis in spinocerebellar ataxia type 17 cells and 
transgenic mice[5]. In addition, the study conducted by 
Zhang et al highlighted that supplemental treatment 
with EGb can mitigate the symptoms of tardive 
dyskinesia in schizophrenia patients[6]. Thus, EGb 
might be a promising medicine for the prevention and 
treatment of neuropsychological diseases.

Scopolamine (SCO) is a competitive nonselective 
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muscarinic acetylcholine receptor antagonist. A wealth 
of research evidence has established the paradigm 
that the impairment of central cholinergic systems 
contributes to deficits in learning and memory abilities. 
Furthermore, this pattern of memory dysfunction, 
which occur in healthy young people and rat models, is 
similar to that in patients who suffer from AD[7]. Hence, 
a number of medicines used for dementia therapy have 
been investigated in SCO-induced animal models. 
Although it has been reported that EGb, a cognitive 
enhancer, can reverse SCO-induced amnesia[8], its 
underlying molecular mechanisms has not been clearly 
established.

MicroRNAs (miRNAs) are highly conserved 
small noncoding RNA molecules, which are capable 
of regulating the expression of approximately 30% 
of all human genes at the post-transcriptional level[9]. 
Recently, in a 2-year National Toxicology Program, the 
researchers found that a number of miRNAs involved 
in carcinogenesis can be regulated by EGb treatment[10]. 
Furthermore, accumulating evidence suggests that a 
number of synaptic miRNAs confer important roles 
in modulating synaptic activities, contributing to the 
structural and functional organization of synapses, as 
well as synaptic strength and excitability[11]. 

The present study revealed that EGb can attenuate 
SCO-induced memory impairments and dendritic spine 
loss probably by downregulating miR-1-3p/miR-206-
3p, and elevating the expression of PSD95.

1 MATERIALS AND METHODS

1.1 Reagents
The primary antibodies employed in the present 

study and the properties are listed in table 1. The SCO 
was purchased from Sigma Chemical Co. (USA). The 
EGb was obtained from BEST BIO-TECH Co., Ltd. 
(China), which contained 24% flavonol glycosides, 
5%–7% terpene trilactones, and less than 5 ppm 
ginkgolic acids. The formulation and composition of 
the EGb were consistent with the standard EGb, which 
was registered in Germany and labeled EGb761.
1.2 Animals and Drug Administration

Male Sprague Dawley rats (grade Ⅱ, 200–250 g,
8 weeks old) were supplied by the Experimental 
Animal Center of Tongji Medical College, Huazhong 
University of Science and Technology (China). All rats 
were acclimated for one week before the experiments, 

and housed with free access to food and water under 
controlled environment and lighting conditions (12-h 
light-dark cycle). Afterwards, these rats were randomly 
divided into four groups, with 9 in each group: control 
(CON) group, SCO group, SCO+EGb group, and EGb 
group.

The SCO was dissolved in 3% dimethyl sulfoxide 
(DMSO) before injection. The EGb was suspended in 
normal saline, which contained 3% Tween® 80, before 
intragastric administration. The doses were determined 
based on the descriptions in previous studies[12, 13]. All 
experimental procedures are presented in fig. 1. Briefly, 
prior to the experiment, the rats were intragastrically 
administered with 400 mg/kg/day of EGb or the same 
volume of vehicle for 14 consecutive days. On the 
next day, rats in the SCO group and SCO+EGb group 
were intraperitoneally injected with SCO at a dose of 
1 mg/kg for 30 min before the behavior training and 
tests, while rats in the CON group and EGb group 
were injected with 3% DMSO. The experiment was 
conducted during the light period, and these rats 
were euthanized at 24 h after the final injection. All 
animal experiments were performed in accordance to 
the guidelines of the Animal Care and Use Committee 
affiliated with Huazhong University of Science and 
Technology (China).
1.3 Open-field Activity

The testing apparatus consisted of a square box 
(1.0 m×1.0 m×0.7 m), which was placed in a separate 
room from the experimenter, and was surrounded 
by blue curtains. The outer 0.25-m region of the box 
was considered as the periphery, while the 0.5 m×0.5 
m square region at the center was considered as the 
center area. In each test, the rats were initially placed 
at the center area, and allowed to freely move round 
for 10 min. Meanwhile, the movement of rats was 
recorded by an overhead camera. The total distance 
and percentage of movement distance in the center 
square were calculated.
1.4 Morris Water Maze Test

The Morris water maze is often used to assess 
the learning and memory abilities of rats. Briefly, 
the rats were trained to find a transparent platform 
hidden 1 cm under water from 3 different directions 
for 6 consecutive days. Three tests were conducted 
each day with 30-s intervals using a stationary array 
of cues outside the pool. A digital tracking device was 
connected to a computer to record the swimming traces 

Table 1 Summary of commercial antibodies used
Name Type Catalog No. Source Dilution
PSD95 Mono MAB1596 Sigma-Aldrich 1:1000 for WB
Synaptophysin Mono ab32127 Abcam 1:1000 for WB
Synapsin-1 Poly 20258-1-AP Proteintech 1:1000 for WB
GluN2B Poly 21920-1-AP Proteintech 1:1000 for WB
GAPDH Mono 60004-1-Ig Proteintech 1:15000 for WB
GAPDH: glyceraldehyde-3-phosphate dehydrogenase; WB: Western blotting
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and escape latency. The test was terminated once the 
rats reached the platform. If the rat failed to reach the 
platform within 60 s, the rat was guided to the platform, 
and allowed to stay on the platform for 30 s. On the 
7th day, the swimming traces and escape latency of 
rats to reach the hidden platform were recorded for 
comparison. On the 9th day, the number of times the 
rat crossed the platform and the latency of rats to reach 
the removed platform were recorded.
1.5 Fear Conditioning Test

Normal fear learning and memory allow animals 
to predict and avoid physical dangers, which is 
important for survival. The contextual and cued fear 
conditioning test is a behavioral paradigm used to 
assess hippocampus-, frontal cortex- and amygdala-
dependent associative fear learning and memory[14]. 
Before the experiment, the rats were allowed to adapt 
to the novel environment for 60 min. Then, these rats 
were placed in a sound-attenuated startle chamber 
under light, which was equipped with a grid floor and 
conveyed foot shock. On the training day, each test 
was repeated 5 times, with a variable intertrial interval 
of 90–120 s, and included an acclimation for 180 s, a 
tone conditioned stimulus (CS) of 75 dB and 2.8 Hz for 
30 s, and a 15-s trace interval following 1 mA of foot 
shock (US) for 2 s. After 60 s of the final shock, the 
rats were removed from the chamber, and the apparatus 
was sterilized with 75% alcohol. For the contextual 
fear test, rats were placed in the previous training 
compartments, and were allowed to freely explore the 
chamber for 300 s, without any CS or US presentation. 
For the cued fear test, rats were placed into another 
testing chamber with completely different properties, 
including color, pattern and odor. After adaptation to 
the new context, the activity and freezing behaviors 
of rats were evaluated using a video tracking system. 
Freezing behavior was defined as complete absence 

of any movement, except for respiration or heartbeat, 
and the duration of freezing response was recorded 
after immobility for one second. Freezing time (in 
percentage) was averaged within the same group to 
compare the difference among groups.
1.6 Golgi Staining and Dendritic Spine Analysis

The FD Rapid Golgi Stain kit (FD Neuro-
Technologies, Inc., USA) was employed to examine the 
morphology of neuronal dendrites and dendritic spines. 
Briefly, the rats were anesthetized before euthanasia. 
Then, the brain tissues of these rats were removed as 
quickly as possible, and immersed in the impregnation 
solution (Solution A/B) at room temperature for 2 
weeks, without light exposure. Afterwards, the above-
mentioned tissues were transferred into Solution C for 
at least 72 h, according to manufacturer’s instructions. 
Next, the brain tissues were sliced into 100-μm-
thick sections using a Vibratome (VT1000S, Leica, 
Germany), and the neurons were imaged by bright 
field microscopy (Axio Observer, Zeiss, Germany). 
The images were coded, and the synaptic spines were 
counted using the ImageJ software.
1.7 Western Blotting 

The rats were euthanized by cervical dislocation 
under anesthesia. Then, the hippocampus and prefr-
ontal cortex were immediately extracted from the 
brain of rats, and homogenized in RIPA Lysis Buffer 
(Beyotime, China) with cocktail (Roche, Switzerland) 
on ice. Then, the mixture was boiled for 10 min. Next, 
the supernatant was collected after brief sonication and 
centrifugation at 12 000 g for 5 min. Afterwards, the 
protein concentration of the supernatant was measured 
using a bicinchoninic acid protein assay kit (Pierce, 
USA). After the separation by SDS-polyacrylamide 
gel electrophoresis (10% and 8% gels), the protein was 
transferred onto a nitrocellulose membrane. Then, the 
membrane was blocked with 5% skimmed milk at 25°C 

Adaptation Pretreatment Behavioral experiments Golgi, WB, RT-qPCR

EGb/Pl SCO/Pl+EGb/Pl 

30 min before

1–7 days 8–21 days 22–34 days

OF MWM FC

Fig. 1 Schematic illustration of the experimental design
After adaptation, a total of 18 rats were assigned to the SCO+EGb and EGb groups, and were treated with EGb for 2 
weeks, while the remaining rats were assigned to the CON and SCO groups, and were administered with the same volume 
of vehicle. Before the behavioral tests, the SCO or vehicle was injected to rats after EGb for 30 min. Then, these rats were 
subjected to the behavioral tests, Western blotting, Golgi staining and reverse transcription quantitative polymerase chain 
reaction. EGb: Ginkgo biloba extract; SCO: scopolamine; OF: open-field activity; MWM: Morris water maze; FC: fear 
conditioning test. Pl: placebo
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heated to 42°C for 60 min and 99°C for 5 min. For the 
miR-1-3p and miR-206-3p expression measurement, 
the miRcute Plus miRNA First-Strand cDNA Kit 
(Tiangen Biotech, China) was used for the reverse 
transcription from miRNA to cDNA, and the mixture 
was heated to 42°C for 60 min and 95°C for 3 min. All 
primers were designed using Primer Premier 5 and the 
Basic Local Alignment Search Tool, and synthesized 
by Sangon Biotech Co., Ltd. (China). These are listed 
in table 2. The RT-qPCR reaction was performed using 
the SYBR Green PCR Master Mix (Takara, Japan) 
and the CFX96 Real-Time PCR Detection System 
(Bio-Rad, USA). β-actin and U6 were used as internal 
references for the mRNAs and miRNAs. In addition, 
the 2-ΔΔCt method was used to calculate the relative 
expression of genes and miRNAs of interest.

Table 2 Summary of primers used
Name Forward Reverse
PSD95 5′-GCTACCAAGATGAAGACACG-3′ 5′-GAAGCCCAGACCTGAGTTAC-3′
β-actin 5′-GAGACCTTCAACACCCCAGC-3′ 5′-GGAGAGCATAGCCCTCGTAGAT-3′
Rno-miR-1-3p 5′-TGGAATGTAAAGAAGTGTGTAT-3′
Rno-miR-206-3p 5′-CGGAATGTAAGGAAGTGTGTGG-3′ 5′-GCTGTCAACGATACGCTACG-3′
U6 5′-CGATGACACGCAAATTCGTGAA-3′

for one hour, and incubated with the primary antibodies 
(table 1) at 4°C, overnight. Afterwards, anti-mouse or 
anti-rabbit IgG conjugated to IRDyeTM (800 CW) was 
added to the membrane, and incubated at 25°C for one 
hour. Subsequently, the protein bands were visualized 
and quantified using the Odyssey Infrared Imaging 
System (LI-COR Biosciences, USA). Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as the 
internal reference for proteins.
1.8 RNA Isolation and Reverse Transcription 
Quantitative Polymerase Chain Reaction

Total RNA was extracted using the TRIzol reagent 
(Invitrogen, Thermo Fisher Scientific, USA), according 
to manufacturer’s instructions. Total RNA (1 μg) was 
employed to synthesize the complementary DNA 
(cDNA) of PSD95 using the Reverse Transcription Kit 
(Toyobo Life Science, Japan), and all samples were 

1.9 Statistical Analysis
The data were presented as mean±standard error 

of the mean (SEM) of at least three independent 
experiments. The statistical analyses were performed 
in the GraphPad Prism software (version 8.0). The data 
of multiple groups were compared by one- or two-way 
analysis of variance, followed by Tukey’s post-hoc test. 
The results were considered statistically significant 
when P<0.05.

2 RESULTS

2.1 EGb Ameliorates SCO-induced Memory Impair-
ment

The open-field test was performed to evaluate 
the anxiety, depression, and spontaneous exploratory 
and locomotor ability of rats[15]. As shown in fig. 2A 
and 2B, rats in all the groups traveled the similar total 
distances, and had similar percentages of movement 
distances in the center area, indicating that these rats 
shared similar patterns of motor capacity that were not 
affected by emotions. Then, it was determined whether 
EGb could rescue the SCO-induced behavioral 
deficits. The Morris water maze test results revealed 
that compared with SCO-treated rats, the EGb 
supplement significantly attenuated the spatial learning 
impairment, which corresponded to the shorter escape 
latency to find the invisible platform (fig. 2D and 
2E). On the 7th day, untreated rats in the SCO group 
continued to use a random search strategy, while rats 

in the SCO+EGb group took a nearly linear path to the 
platform (fig. 2C). On the 9th day, the hidden platform 
was removed, and the rats were allowed to swim freely 
during the probe test. It was found that compared to 
rats without SCO treatment, SCO-treated rats needed 
an obviously longer latency to reach the platform at 
the first time, and presented with fewer crossing times, 
while rats that were simultaneously treated with SCO 
and EGb exhibited similar behaviors to the control rats 
(fig. 2F and 2G). These above results suggest that the 
EGb treatment effectively improved the learning and 
memory impairments of SCO-induced rats.

Next, the fear conditioning test was performed to 
determine whether EGb could rescue the fear-motivated 
associative learning and memory impairments. In this 
test, the contextual fear memory and cue fear memory 
were evaluated at 24 and 48 h after the training session. 
As expected, it was observed that rats in the SCO group 
had a notably lower percentage of freezing time in both 
tests, while rats in the SCO+EGb group exhibited a 
similar performance to that in the CON group (fig. 2H 
and 2I). 

These results reveal that EGb can alleviate 
the learning and memory deficits induced by SCO, 
contributing to building a precise spatial representation 
of the environment, and an association between 
aversive experiences and environmental cues.
2.2 EGb Improves SCO-induced Synaptic Abnor-
malities

Dendritic spines are dynamic structures, and the 
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this effect. In addition, in both the hippocampus and 
prefrontal cortex, the expression levels of GluN2B, 
synapsin-1 and synaptophysin exhibited a similar 
trend, but there were no significant differences 
between the SCO group and SCO+EGb group. These 
data suggest that EGb can improve the SCO-induced 
synaptic disorder, which is possibly involved in PSD95 
dysregulation.
2.3 Effect of EGb on PSD95 Expression Probably 
Involves the Regulation of MiR-1-3p/miR-206-3p

Next, the study shifted to elucidate how the 
EGb treatment restored the PSD95 expression. RT-
qPCR was performed to analyze the mRNA level 
of PSD95 in the hippocampus. Interestingly, no 
significant differences were found in all groups (fig. 
5C). This suggests that EGb does not participate in 
the gene transcriptional regulation in this process. As 
it is known, miRNAs play an important role in post-

shape, size and density changes with the synaptic 
activity[16]. Furthermore, hippocampal synaptic 
plasticity plays a key role in learning and memory 
capacities. The Golgi staining method was performed 
to evaluate the spine morphological changes in the 
hippocampus. The results uncovered that after the 
SCO injection, the density of dendritic spines and the 
percentage of mushroom-type spines decreased, while 
these abnormalities were constrained after the EGb 
treatment (fig. 3). 

In order to further investigate the protective 
effect of EGb against the synaptic damage elicited 
by SCO, Western blotting was performed to measure 
the expression of synaptic-related proteins, including 
PSD95, GluN2B in post-synapse and synapsin-1, and 
synaptophysin in pre-synapse. As shown in fig. 4A–4D, 
SCO dramatically suppressed the PSD95 expression in 
the rat hippocampus, while EGb significantly reversed 

Fig. 2 EGb ameliorates scopolamine-induced memory impairments
A: the total distance that the rats moved in the open field; B: the percentage of movement distance in the center area of the open 
field; C: the representative searching trace on day 7 in the Morris water maze; D: the escape latency to find the invisible platform 
from day one to day 6; E: the escape latency to find the invisible platform on day 7; F: the number of platform crossings on day 9; G: 
the escape latency to initially reach the platform on day 9; H: the percentage of the freezing time in the contextual fear conditioning 
test; I: the percentage of the freezing time in the cue fear conditioning test. The data were presented as mean±SEM (n=9, animals 
per group). Ns, not significant. *P<0.05, **P<0.01, ****P<0.0001 vs. the SCO group; #P<0.05 vs. the CON group in panel 2D. CON: 
control group; SCO: scopolamine-treated group; SCO+EGb: scopolamine plus Ginkgo biloba extract-treated group; EGb: Ginkgo 
biloba extract-treated group
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transcription regulation in eukaryotic cells, and the 
dysfunction of miRNAs is associated with synapse 
disorders[17]. In this study, potential miRNAs that might 
regulate the PSD95 expression were predicted using the  
Targetscan[18], microT-CDS[19] and miRDB[20] databases. 
Then, a Venn diagram was prepared to enhance the 
analysis reliability. The results revealed that miR-1-3p/
miR-206-3p might bind to the 3′untranslated region 
(3′UTR) of PSD95, and that the binding site was 
highly conserved. Furthermore, the RT-qPCR results 
revealed that the miR-1-3p and miR-206-3p levels 
in the rat hippocampus were obviously enhanced 
after SCO treatment, while the supplemental EGb 
treatment completely negated the impact of the SCO 

treatment (fig. 5A, 5B and 5D). Thus, these present 
results indicate that the effect of EGb on PSD95 may 
be attributed to the decrease in miR-1-3p/miR-206-3p.

3 DISCUSSION

Ginkgo biloba has a long history of medical use. 
Previous studies reported that EGb exerts a positive 
effect against various cognition deficits in elderly db/
db (–/–) diabetic mouse and rats with chronic cerebral 
hypoperfusion[21, 22]. The present study revealed that 
EGb can ameliorate SCO-induced memory impair-
ments. Existing evidence has revealed that EGb 
can modulate the pre-synaptic choline uptake and 

Fig. 3 Golgi staining was used to evaluate the effect of EGb on scopolamine-induced changes in dendritic spines
A: the representative images for dendritic spines; B: the quantification of dendritic spine density; C: the ratio of mushroom-
type spines. The data were presented as mean±SEM (n=20, dendrites obtained from 5 animals per group). *P<0.05, ***P<0.001, 
****P<0.0001 vs. the SCO group. CON: control group; SCO: scopolamine-treated group; SCO+EGb: scopolamine plus Ginkgo 
biloba extract-treated group; EGb: Ginkgo biloba extract-treated group

Fig. 4 Western blotting for the expression level of the synapse-related protein
A: the representative protein levels of PSD95, GluN2B, synapsin-1 and synaptophysin in the hippocampus; B: the quantification 
for the protein levels of PSD95, GluN2B, synapsin-1 and synaptophysin in the hippocampus; C: the representative protein levels 
of PSD95, GluN2B, synapsin-1 and synaptophysin in the prefrontal cortex; D: the quantification for the protein levels of PSD95, 
GluN2B, synapsin-1 and synaptophysin in the prefrontal cortex. The data were presented as mean±SEM (n=5, animals per 
group). *P<0.05, **P<0.01 vs. the SCO group. CON: control group; SCO: scopolamine-treated group; SCO+EGb: scopolamine 
plus Ginkgo biloba extract-treated group; EGb: Ginkgo biloba extract-treated group. SYN1: synapsin-1; SYP: synaptophysin
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acetylcholine release, and upregulate post-synaptic 
muscarinic receptors to improve cognitive function[23]. 
In addition, it has been reported that EGb can improve 
the energy metabolism, stabilize the mitochondrial 
membrane, decrease cell apoptosis, and inhibit Aβ-
induced neurotoxicity[24]. Furthermore, EGb can 
increase the level of brain-derived neurotrophic 
factors, and replicate the environment required for 
the neural differentiation of stem cells[25]. Moreover, 
recent studies have revealed that EGb may activate 
the PI3K/Akt/mTOR pathway to promote neurite 
growth and improve the level of drebrin protein, and 
partially inactivate cofilin to prevent dendritic spine 
degeneration[22, 26]. The structural plasticity of dendritic 
spines serves as a vital fundamental of learning. This 
observation suggests that EGb can improve SCO-
induced synaptic abnormalities, which may involve 
PSD95 regulation. This finding may further confirm 
and clarify the neuroprotective effects of EGb. 

At present, miRNAs have emerged as essential 
regulators of synaptic homeostasis and plasticity 
processes. A growing body of evidence has revealed 
the presence of specific miRNAs in axons and 
dendrites, such as miR-9, miR-15b, miR-16 and miR-
204, which may locally regulate protein levels, and 
synaptic structure and function[27]. Interestingly, miR-
135a-5p, a synaptic-associated miRNA, is abnormally 
downregulated in AD, accompanied by dendritic 
abnormalities and memory impairments[28]. MiR-206 
is a member of the miR-1 family. There are only four 

nucleotides that are different from miR-206 and miR-1 
outside the seed region, and the similarity between these 
two miRNAs indicate that these may have the same or 
similar target genes. MiR-206 is usually recognized 
as a muscle-enriched miRNA that promotes muscle 
development[29]. However, a recent study revealed 
that miR-206 is aberrantly increased in mild cognitive 
impairment subjects[30]. Furthermore, a previous report 
clarified that miR-206 overexpression in Tg2576 mice 
negatively regulates the brain-derived neurotrophic 
factor[31]. Moreover, the relative increase in expression 
of miR-1 in the hippocampus is in line with the 
memory deficits induced by SCO administration or 
stress[32]. It is noteworthy that a genetic variation of 
miR-206 was found in schizophrenia (SCZ) patients[33]. 
In addition, a previously conducted exome sequencing 
study of SCZ patients also revealed mutations of PSD, 
including PSD95[34]. The present study revealed that 
EGb increases the expression of PSD95 probably by 
downregulating miR-1-3p/miR-206-3p, in order to 
rescue the SCO-induced memory impairments. This 
further points out the potential regulatory role of miR-
206/miR-1 in AD.

PSD95, a postsynaptic density protein, stabilizes 
filopodia and aids spine formation through recruitment 
or modification by a second messenger[35]. The 
present study revealed that SCO downregulated the 
level of PSD95 in the hippocampus, while GluN2B, 
synapsin-1 and synaptophysin were not significantly 
altered in the hippocampus and prefrontal cortex. One 

Fig. 5 The effect of EGb on the PSD95 expression probably involved the regulation of miR-1-3p/miR-206-3p
A: the intersection of possible miRNAs that target the rat PSD95 3′UTR based on the conservation prediction; B: the binding sites 
of miR-1-3p/miR-206-3p on the PSD95 3′UTR; C: the relative mRNA expression levels of PSD95; D: the relative expression levels 
of miR-1-3p/miR-206-3p, as measured by reverse transcription quantitative polymerase chain reaction. The data were presented as 
mean±SEM (n=5, animals per group). **P<0.01, ****P<0.0001 vs. the SCO group. ns: not significant; CON: control group; SCO: 
scopolamine-treated group; SCO+EGb: scopolamine plus Ginkgo biloba extract-treated group; EGb: Ginkgo biloba extract-treated 
group
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reason can be due to the experimental conditions, in 
which the SCO induced mild synaptic dysfunction and 
memory impairments. Some authors have reported 
that compared with the pre-synaptic element, the post-
synaptic portion appears to have greater vulnerability 
and earlier degradation, since the expression levels of 
the presynaptic protein may increase or have no change 
in the early and late stages of AD[36]. In a study, the 
memory deficit of Swiss strain albino mice induced 
by a dose of 2 mg/kg of SCO was correlated with the 
decline in the expression of GluN2B in the hippocampus 
and prefrontal cortex[37], while the expression level of 
GluNR1, an obligatory component of NMDA receptors, 
was higher in the SCO group at a dose of 1 mg/kg, 
when compared to the control group[38]. Hence, the 
effect of SCO on the expression of NMDA receptors 
may be worthy of further investigation.

SCO dementia models have many strengths. For 
example, the relatively good quality and low costs 
make the model amenable to high-throughput screening 
approaches[39]. Nevertheless, some investigators 
have proposed that antimuscarinic agents provide 
low construct validity in AD research, since SCO 
impairments are acute and primarily postsynaptic, 
while the pathological features of dementia are chronic 
and primarily presynaptic. This may also partly 
explain the unremarkable difference of synapsin-1 and 
synaptophysin in this study. In addition, the interruption 
of memory deficits by SCO may be confused by the 
effect of attention or other general impairments[40]. 
Despite controversies, this model has retained its 
popularity in drug discovery programs.

Overall, these present findings reveal that EGb can 
rescue the SCO-induced memory deficits and synaptic 
disorders, which probably involves the repression 
of the expression of miR-1-3p/miR-206-3p and the 
enhancement of PSD95 expression. Thus, the present 
study provides interesting targets for the prevention 
and treatment of synaptic disorders. Future studies 
are warranted to understand the mechanistic link and 
validation of these changes in other study cohorts.
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