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ABSTRACT: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder and is clinically characterized by the
impairment of memory and cognition. Accumulation of β-amyloid (Aβ) in the brain is considered as a key process in the
development of AD because it impairs the synapses’ function to impair memory formation. Recent research studies have indicated
that a group of edible plant-derived Thymelaeaceae compounds known as coumarin may exert particularly powerful actions on
alleviating learning and memory impairment. 7,8-Dithydroxycoumarin (7,8-DHC), a bioactive component of coumarin derived from
Thymelaeaceae, showed its function in neuroprotection before. In this study, we found that 7,8-DHC was able to mitigate Aβ
accumulation via reducing the level of BACE1 and increasing the level of ADAM17 and ADAM10. More importantly, we found that
7,8-DHC could mitigate memory impairment, promote the dendrite branch density, and increase synaptic protein expression via
activating PI3K-Akt-CREB-BDNF signaling. Hence, these results suggested that 7,8-DHC represented a novel bioactive therapeutic
agent in mitigating Aβ deposition and synaptic loss in the process of treating AD.
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■ INTRODUCTION

Alzheimer’s disease (AD), a progressive neurodegenerative
disorder, is clinically characterized by the dysfunction of
memory and cognition.1 The pathology of AD is characterized
by massive neuronal death in the brain, structural changes in
brain tissues, and atrophy.2 At present, several hypotheses are
there to explain the AD pathology, such as β-amyloid (Aβ)
aggregation, neurofibril tangles (NFTs), synaptic dysfunction,
imbalance of calcium homeostasis, and inflammation.
Especially, the Aβ aggregation receives the most attention.3

Massive Aβ deposition plays a key feature in AD because it
may trigger following cascade events like synapse dysfunction
and finally leads to brain damage and memory loss.4−6

cAMP-response element binding protein (CREB) has been
recently involved in several brain pathological conditions
including cognitive and neurodegenerative disorders and can
be activated by PI3K-Akt, MAPK, and JAK-STAT signaling.
The Aβ peptide playing an essential role in the pathogenesis of
AD can alter synaptic plasticity and memory and mediates
synaptic loss through the CREB.7 Altering CREB signaling has
been observed in other cognitive disorders like Huntington’s
disease and amyotrophic lateral sclerosis, suggesting a crucial
role of CREB signaling in synapse function.8,9

Besides, activation of CREB enables the transcription of
crucial proteins for synapse, particularly brain-derived neuro-
trophic factor (BDNF). BDNF is an essential mediator in
synaptic transmission and long-term potential. Reduction of
the level of BDNF may lead to the collapse of specific neuronal
structures and progressive atrophy of neurons in the AD
brain.10,11

Medicinal herbs and natural products are an essential source
of protection against AD. Coumarin is found in different plant
sources such as vegetables, spices, fruits, and medicinal plants,
showing strong biological activity in the central nervous
system. Umbelliferone is an example that shows its neuro-
protective effects in AD.12 7,8-Dihydroxycoumarin (7,8-DHC)
is a natural coumarin component with a molecular weight of
178.14. It is isolated from common edible plants of the
Thymelaeaceae family including Daphne Korean Nakai, Daphne
gnidium, Daphne odora, Daphne oleoides, and so on. Previous
studies suggested that 7,8-DHC can penetrate through the
brain blood barrier and has multiple biological activities in
neuroprotective, anti-parasitic, anti-arthritic, anti-hypoxia, and
anti-proliferative aspects.13−17 Especially in neuroprotection,
7,8-DHC can increase MAP2 content in rat neurons and
increase the dendrite length of cortical neurons cultured in
vitro. It can also promote the expression of BDNF, which
works as a protector in neurons.18

In this study, we verified that 7,8-DHC could reduce the
deposition of Aβ1−42 and mitigate memory impairment and
synaptic loss. Then, the transcriptome results identified that
7,8-DHC could regulate PI3K-Akt-CREB-BDNF signaling as
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the potential pathway to alleviate the symptom of AD, and
finally, we confirmed it.

■ MATERIALS AND METHODS
Mice. 5×FAD transgenic mice expressing human APP and PSEN1

with a total of five AD-linked mutations were raised in the SPF houses
of Jinan University (license no. SYXK-(Yue) 2017-0174). All
experimental procedures were approved by the Animal Care and
Use Committee of Jinan University (permission no. IACUC-
2011208-01) and carried out in accordance with the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals (NIH publication no. 8023, revised 1978). The offspring of
(hybrid 5×FAD transgenic and non-transgenic (wild type, WT)) mice
were identified by polymerase chain reaction (PCR) of mouse tail
DNA. In this study, both males and females (n = 12 per group) were
used and all mice were treated according to the guidelines of China
for animal care. Animals were bred and kept in a temperature-
controlled room at 20 °C ± 2 °C and a 12/12 h light−dark cycle
(light on at 8 a.m). Food and water were available ad libitum.
The 7 month-old mice were divided into different administered

groups by gavage once for 30 consecutive days. A total of 60 5×FAD
mice were divided into the model group, 7,8-dithydroxycoumarin low-
dose group (2 mg/kg/per day), medium-dose group (4 mg/kg/per
day), high-dose group (8 mg/kg/per day), and Huperzine A (5 mg/
kg/per day) group. A total of 12 WT mice were treated as the control
group. The control group and the model group were treated with the
same volume of saline. 7,8-DHC first dissolved in 1% DMSO and
then dispersed in saline. The saline in the model group and control
group had the same volume of DMSO as the treatment groups.
Primary Neuron Culture. Primary hippocampus neurons were

prepared from embryonic day 17−18 (E17-18) of 5×FAD mice and
WT mice. The pregnant female mice were terminally anesthetized.
Embryos were taken out from the uterus, and their tails were cut
down for further genotype identification. Primary hippocampus

neurons were enzymatically dissociated with papain and mechanically
dispersed into single cells. Then, the dissociated neurons were plated
onto 0.1 mg/mL poly-L-lysine (Sigma) coated six-well plates at a
density of 1 × 106 cells/well. Primary neurons were maintained at 37
°C in the neural basal medium supplied with 2% B27 (Thermofisher),
0.5 mM glutamine (Thermofisher), 100 units/mL penicillin (Gibco),
and 100 μg/mL streptomycin (Gibco). After cells were completely
adherent, we divided cells into four groups: control group (WT mice
treated with 0.1% DMSO), model group (5×FAD treated with 0.1%
DMSO), 7,8-DHC group (5×FAD mice treated with 8 μM 7,8-DHC
and 0.1% DMSO), and 7,8-DHC + LY294002 group (5×FAD treated
with 8 μM 7,8-DHC, 10 μM LY294002, and 0.1% DMSO). The
culture medium with or without treatment was changed every second
day. After incubation for 12 days, we collected all cells and detected
the phosphorylation of PI3K, Akt, CREB, and the level of BDNF by
western blot.

Morris Water Maze Test. Mice were trained to find an invisible
14 cm platform submerged 1.5 cm beneath the water surface. If a
mouse could not find the platform within 60 s, it was manually guided
to the platform and remained there for 30 s. The escape latency and
swim speed were recorded for 60 s. Mice were given four trials per
day. After the training period, each mouse received only one probe
test that consisted of a 60 s free swim in the pool without the
platform. The target quadrant was defined by the location where the
hidden platform was previously placed in the hidden training session
but removed during the probe test. An ANY-maze video tracking
system was used to record all trials for automated analysis.

Y-Maze Test. Each mouse was placed in the center of the Y-maze.
A single 5 min test was performed and recorded using a video camera.
Arm entries and the order of entries are determined on recorded
videos. Spontaneous alternations are defined and calculated as
consecutive triplets of different arm choices.

Golgi Staining. Mice brains were dissected and treated with an
FD Rapid GolgiStain Kit (FD Neuro Technologies, Shanghai, China)
following the manufacturer’s instruction. Slices were visualized under

Figure 1. 7,8-DHC improved spatial learning and memory ability of 5×FAD mice. (A) Mice were tested in the Y-maze at the age of 7 months and
assessed by spontaneous alternation. (B) Swim speed during escape latency. (C) Escape latency in the hidden platform during Morris water maze
task training. (D) Time spent in the quadrant with the hidden platform during the probe trial. Data are presented as mean ± SD and analyzed with
one-way ANOVA in the Y-maze test and probe trial during the Morris water maze test; two-way ANOVA was performed in latency during the
Morris water maze test. #p < 0.05 and ##p < 0.01 compared with the control group, *p < 0.05 and **p < 0.01 compared with the model group, n =
12 mice per group.
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a Nikon Confocal Microscope (Nikon, A1R HD25). Images were
captured from Golgi-impregnated hippocampal CA1 pyramidal
neurons. We counted the number of dendritic spines on projected
deconvolved images.
Immunostaining. Mice were transcardially perfused with 4%

paraformaldehyde (PFA) in PBS, and their brains were carefully
dissected. Fixation was carried out in 4% PFA at 4 °C overnight and
dehydrated with 10, 20, and 30% sucrose solution for 3 consecutive
days. Brain slices for immunofluorescent staining were performed at a
thickness of 20 μm and subjected to immunostaining with rabbit anti-
Aβ (1−42) IgG antibody (1:500) at 4 °C overnight. Then the brain
slices were incubated with goat anti-rabbit Alex 594 antibody for 2 h
at room temperate. Finally, the brain slices were mounted with DAPI
Fluoromount-G. The images were taken on a Nikon Confocal
Microscope.
Transcriptome Analysis. The RNA-seq technique was used to

analyze the gene expression profiling with 7,8-DHC treatment. The
cDNA fragments were purified using a QIAquick PCR extraction kit
following the manufacturer’s protocol. The cDNA fragments were
enriched by PCR for construction of the cDNA library. The cDNA
library was sequenced by an Illumina sequencing platform
(IlluminaHiSeq 2500).
Western Blot Assay. Samples were lysed in RIPA buffer with

phenylmethylsulfonyl fluoride and a protease inhibitor and then
centrifuged at 18,000g at 4 °C for 20 min. BCA Protein Assay Reagent
(Beyotime Biotechnology) was used to measure total protein
concentration. Total protein (20 μg) was boiled for 8 min in 5×

SDS loading buffer (Beyotime Biotechnology), separated by 10%
SDS-polyacrylamide gel electrophoresis, and transferred to poly-
vinylidene difluoride (PVDF) membranes. Non-specific binding was
prevented by incubating membranes in 5% nonfat milk dissolved in
1× Tris-buffered saline and Tween 20 (TBST) buffer at room
temperature for 1 h. The membranes were incubated overnight at 4
°C with solutions of the primary antibody diluted with 1× TBST
(anti-APP, 1:1000, CST; anti-BACE1, 1:1000, CST; anti-Aβ1−42,
1:2000; CST; anti-ADAM10, 1:1000, CST; anti-PSEN1, 1:1000,
CST; anti-ADAM17, 1:1000, CST; anti-phosph-Akt(ser473), 1:1000,
CST; anti-Akt, 1:1000, CST; anti-PSD95, 1:1000, CST; anti-
synaptophysin 1:1000, CST; anti-CREB, 1:1000, CST; anti-phosph-
CREB(ser133), 1:1000, CST; anti-phosph-PI3K (p85(Tyr458)/p55
(Tyr199)), 1:1000, CST; PI3K, 1:1000, CST; BDNF 1:1000,
ABCAM). The membranes were washed and incubated with anti-
mouse or anti-rabbit conjugated to horseradish peroxidase (HRP)
(1:2500) at room temperature for 1 h before exposed in ECL solution
(Millipore). The densitometry of protein was determined using a
Gbox (Genetech).

Statistical Analysis. All the data were presented as mean ±
standard deviation (SD). Statistical analysis was performed using one-
way ANOVA, followed by the least significant difference comparison
test (more than two groups). The level of significance was set to p
value < 0.05. The ImageJ software was used for immunobiological
quantitative analysis.

Figure 2. Treatment with 7,8-DHC can reduce the Aβ deposition in the hippocampus area. (A) Immunofluorescence staining analysis of Aβ in the
control group, the model group, the different dosages of 7,8-DHC, and the Huperzine A group (magnification 100×). (B,C) Quantitative analysis
of the number and volume of Aβ plaques in the hippocampi of the 7,8-DHC and Huperzine A groups. #p < 0.05 and ##p < 0.01 compared with the
control group, *p < 0.05 and **p < 0.01 compared with the model group (mean ± SD, n = 4); scale bar: 100 μm (one-way ANOVA).
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■ RESULTS

7,8-DHC Alleviated Cognitive Impairment in AD
Mice. We performed Y-maze test to evaluate the effect of
7,8-DHC on mitigating cognitive impairment. From Figure 1A,
model group mice showed a significant decrease in

spontaneous alternation compared to the control group (p <
0.05). However, spontaneous alternation was reversed after
treatment with 7,8-DHC, especially 4 and 8 mg/kg treatment
(p < 0.05), and did not differ from the Hup-A group. For
evaluation of spatial memory, we performed the Morris water

Figure 3. 7,8-DHC reversed synaptic impairment in 5×FAD mice. (A) Hippocampus regions from 7-month-old control, model, 2 mg/kg 7,8-
DHC-treated, 4 mg/kg 7,8-DHC-treated, 8 mg/kg 7,8-DHC-treated, and Huperzine A-treated mice were subjected to Golgi stain. Scale bars = 20
mm. (B) Number of dendrite spines. (C) Level of synaptophysin. (D) Level of PSD95. Data are presented as mean ± SD and analyzed with one-
way ANOVA. #p < 0.05 and ##p < 0.01 compared with the control group, *p < 0.05 and **p < 0.01 compared with the model group. n = 15−25
neurons from four mice per group; n = 4 in immunoblotting.

Figure 4. Effect of 7,8-DHC on reducing the level of Aβ via promoting α-secretase and decreasing β-secretase. (A) Level of APP; (B) Level of
ADAM10; (C) level of ADAM17; (D) level of BACE; (E) level of PSEN1; (F) level of Aβ1−42.

#p < 0.05 and ##p < 0.01 compared with the control
group, *p < 0.05 and **p < 0.01 compared with the model group (n = 3 per group).
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maze test. During the test period, all the mice did not show a
difference in swimming speed (Figure 1B). During 10 days of
training, model group mice demonstrated impaired spatial
memory by spending longer times to find the hidden platform
compared to the control group (p < 0.01), but the 8 mg/kg
DHC group mice shortened their time to find the hidden
platform (p < 0.05). Then, we removed the hidden platform
and performed the probe test on the 11th day. Compared with
the control group, the model group spent less time in the target
quadrant. However, the 8 mg/kg 7,8-DHC group significantly
spent a longer time than model groups (p < 0.05) and showed
no difference with the Hup-A group. These results suggested
that 7,8-DHC ameliorated memory dysfunction in 7-month-
old 5×FAD mice (Figure 1C,D).
7,8-DHC Alleviated Aβ Deposition. We investigated the

effects of 7,8-DHC on decreasing senile plaque formation in
the 5×FAD mice hippocampus. The results in Figure 2 showed
that the number and area of Aβ1−42 accumulation in the model
group mice were significantly increased compared to the
control group at 7 months of age (p < 0.05). Strikingly, the
number and area of plaques in the hippocampus were
significantly decreased in 7,8-DHC-treated mice in dosage
when compared to the model group. The results indicated that
7,8-DHC reduced Aβ deposition (p < 0.05) in the hippo-
campal region.

7,8-DHC Can Increase the Dendrite Spine Density
and the Level of Synaptic Proteins. Following behavioral
analysis, we performed Golgi staining in the hippocampus to
determine whether 7,8-DHC would confer neuroprotective
effects to increase the dendrite spine density. Dendritic spine
density was calculated from a single neuron dendrite branch in
a 10 mm length of the hippocampus. The morphology of
dendritic spines was abnormal in the model group (Figure 3A).
According to Figure 3, the spine density was found to be
significantly reduced in the model group compared to the
control group (p < 0.01). However, with the treatment of 7,8-
DHC, mice showed an increasing number of dendritic spines
compared with model group mice (p < 0.05). These results
suggest that 7,8-DHC increased the spine density under AD’s
pathological conditions.
Synaptic proteins are the main components for forming the

structure of synapse. PSD95 and synaptophysin are the
biomarkers of synapse. In our study, the levels of PSD 95
and synaptophysin are decreased significantly in the model
group. However, we found that after treatment, 7,8-DHC
could increase the level of PSD95 and synaptophysin, meaning
that 7,8-DHC could help the formation of synapse or inhibit
synaptic protein loss (Figure 3C,D).

7,8-DHC Attenuated Aβ Deposition via BACE1,
ADAM10, and ADAM17. Modern research studies found
that Aβ was a neurotoxic protein and its excessive

Figure 5. Transcriptomic analysis of 7,8-DHC on mitigation of synaptic loss. (A,B) Statistical result of all differentially expressed genes between
control and model groups and model vs 7,8-DHC. (C) KEGG pathway enrichment of control and model groups. (D) KEGG pathway enrichment
after the treatment of 7,8-DHC.
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accumulation in the brain could lead to neuronal damage,
neuron loss, and even neural network detriment. To determine
how Aβ deposition was reduced, we examined the expression
of amyloid precursor protein (APP), disintegrin and metal-
loproteinase 10 and 17 (ADAM10 and ADAM17), β-site
amyloid precursor protein cleaving enzyme 1 (BACE1),
presenilin 1 (PSEN1), and Aβ1−42 by western blot analysis.
As shown in Figure 4A,E, the expressions of APP and PSEN1
in the hippocampus from the model group were strikingly
more than those in the control group, in line with the feature
of 5×FAD mice. ADAM10 and ADAM17, belonging to α-
secretase, can cleave APP and preclude Aβ formation. As
shown in Figure 4B,C, in comparison to the control group, the
ADAM10 and ADAM17 protein levels were decreased in the
model group, but 7,8-DHC treatment increased the ADAM10
and ADAM17 protein levels. BACE1, belonging to β-secretase,
played a key role in producing Aβ. The level of BACE1 from
model group mice was extremely more than those in controls.
However, 7,8-DHC decreased BACE1 levels compared to the
model group (Figure 4D). As shown in Figure 4F, a number of
Aβ1−42 were observed in the hippocampus in model group
mice. 7,8-DHC decreased the Aβ1−42 level effectively in a dose-
dependent manner. This result indicated that 7,8-DHC
treatment could decrease the Aβ1−42 level via upregulating α-
secretase and downregulating β-secretase.
Transcriptome Sequencing Analysis of the Inhibition

of Synaptic Loss Effects of 7,8-DHC. According to the
effects of synaptic generation, we further explored the potential
mechanism. The mRNA was collected for transcriptome
sequencing analysis. Totally, we found 21,904 different
expression genes. Differential genes between groups were
calculated by edgeR. Compared with the control group, 404

genes were upregulated and 69 genes were downregulated in
the model group. Compared with the model group, 68 genes
were upregulated and 109 genes were downregulated in the
7,8-DHC treatment group (Figure 5A,B). Further, we found
that 7,8-DHC might mainly activate PI3K-Akt signaling. PI3K-
Akt signaling can also activate many downregulated
components such as CREB, GSK3β, and mTOR in protein
generation, synaptic plasticity, and so on to exert its biological
function (Figure 5C,D).

7,8-DHC Rescue Synaptic Loss via the PI3K-Akt-CREB-
BDNF Pathway. The result of transcription indicated that 7,8-
DHC might rescue synaptic loss by activating PI3K-Akt-
CREB-BDNF signaling. Western blot was used to evaluate the
mechanisms of 7,8-DHC-reduced synaptic loss. In the
experiments in vivo, compared to control group mice, the
level of the phosphorylation of PI3K, Akt, CREB, and the
content of BDNF were less than those in the model group.
However, 7,8-DHC treatment enhanced the levels of PI3K,
Akt, and CREB phosphorylation and increased the content of
BDNF (Figure 6A−D). Further, in the experiment in vitro,
compared with the model group, the phosphorylation of PI3K,
Akt, and CREB were increased and the level of BDNF also
increased with the treatment of 8 μM 7,8-DHC. After treating
with LY294002 (the inhibitor of PI3K), these effects were
inhibited by the PI3K inhibitor LY294002 (Figure 6E−H).
The results suggested that 7,8-DHC could activate PI3K-Akt-
CREB-BDNF signaling.
All the above results indicated that 7,8-DHC improves

synaptic generation via activating PI3K-Akt-CREB-BDNF
signaling (Figure 6).

Figure 6. 7,8-DHC activated PI3K-Akt-CREB-BDNF signaling to reduce synaptic loss. (A−D) Phosphorylation level of PI3K, Akt, CREB, and the
content of BDNF in the hippocampus area of mice’s brain. (E−H) Phosphorylation level of PI3K, Akt, CREB, and the content of BDNF from
primary neurons. #p < 0.05 and ##p < 0.01 compared with the control group, *p < 0.05 and **p < 0.01 compared with the model group (n = 3 per
group).
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■ DISCUSSION

AD is a typical age-related neurodegenerative disease and
characterized by memory dysfunction.1 Aggregation of Aβ
peptide is believed to be a major cause of AD. The
development of strategies to inhibit Aβ aggregation or increase
Aβ degradation has received significant attention. 7,8-DHC, a
plant-derivate edible component, showed its neuroprotective
function in previous studies.18 In this study, we investigated
the effect of 7,8-DHC on reducing memory impairment and
synaptic loss in 5×FAD mice. We found that 7,8-DHC could
mitigate the memory impairment by reducing Aβ deposition
and promoting synaptic proteins in the hippocampal region.
Further, 7,8-DHC could activate PI3K-Akt-CREB-BDNF
signaling to enhance synaptic protein expression. Aβ
deposition in the hippocampus leads to dysfunction of ion
channels in neurons and disruption of intracellular calcium
levels, inducing oxidative stress and causing abnormal energy
and glucose metabolism, which in turn triggers neurotoxic and
immunoinflammatory cascades.19−23 Therefore, reducing Aβ
deposition is one of the important targets for AD treatment.
Currently, several Aβ immunosuppressants are developed and
investigated for their function in phase III clinical trials, such as
MK-8931, ADUCAMUNAB, and ALBUMIN.24−26 The results
of Aβ immunostaining in our study (Figure 2) showed that
7,8-DHC was able to reduce Aβ aggregation in 5×FAD mice
hippocampi, suggesting that 7,8-DHC might work as a
potential treatment candidate for AD.
Previous studies have also shown that Aβ deposition also

damages the dendrite structure and reduces the content of
synapse-associated proteins, leading to synaptic loss, disrupting
neuronal networks, and ultimately leading to memory
dysfunction.27 In neuron morphological aspects, dendritic
spines are tiny mushroom-like structures on dendrites and
functional in synaptic plasticity and memory abilities.28 The
morphology of dendrite axes was thinner, and the density of
dendritic spines was decreased in 5×FAD mice. However, after
treatment of 7,8-DHC, the dendritic spine branched more and
the axes became thicker than those in model group mice
(Figure 3). We showed that 7,8-DHC can improve memory
abilities in 5×FAD mice, as suggested by a higher spontaneous
alternation in the Y-maze test, spending a longer time in the
target quadrant, and less time escape latency in the Morris
water maze test (Figure 1).
Synaptic loss is one of the pathological features of AD and is

closely related to memory impairment.29 The decrease of
synaptic-related protein content is the main cause of synaptic
loss and impaired synaptic functions. The presynaptic protein,
synaptophysin, is associated with synaptic vesicle transport,
docking, and release.30 The postsynaptic membrane dense
(PSD) is a hallmark component of postsynaptic membrane
proteins, mainly composed of PSD95\synaptic GTPase-
activating protein (syn-GAP) and the backbone protein,
actin, which can help anchor glutamate receptors and their
associated signaling proteins to the PSD region for signaling.
PSD95 contributes to the formation of dendritic spines, which
are important structures for the connection between neurons
and are also the key sites for synapse formation.31,32 It was
found that Aβ deposition could do harm to synaptophysin and
PSD95 protein levels in the brains of 5×FAD mice,33 while the
present study showed that 7,8-DHC exerted actions on
inhibiting synaptic protein loss (Figure 3). APP is sheared by
α, β, and γ secretases to form different products. BACE1 is the

rate-limiting factor for Aβ production. sAPPβ and C99
fragments are generated after APP is hydrolyzed by BACE1.
Following this, C99 fragments are then cleaved by PSEN1 to
generate Aβ fragments. If APP is cleaved by α-secretases,
including ADAM10 and ADAM17, it would facilitate the
generation of sAPPα and C83 fragments. In the following
steps, C83 would be cleaved by PSEN1 to produce the p3 and
AICD fragments, instead of Aβ fragments. 7,8-DHC reduced
Aβ aggregation by decreasing β-secretase and increasing α-
secretase expression, thereby reducing Aβ-mediated synaptic
dysfunction and even improving cognitive dysfunction.34−36 In
our study, the results indicated that 7,8-DHC can reduce the
Aβ aggregation to ameliorate synapse dysfunction (Figure 4).
The transcriptome is developed to look for a potential

mechanism to explain why the components work. Here, we
found that 7,8-DHC might work by activating PI3K-Akt
signaling. PI3K-Akt signaling can be activated through receptor
tyrosine kinases (RTKs) or G protein-coupled receptors
(GPCRs) and plays a crucial role in regulating survival and
anti-apoptosis.37 Activation of Akt through phosphorylation at
Ser473 inhibits the transcription factor of apoptosis and
promotes cell survival. CREB is a regulatory component in the
nucleus of eukaryotic cells that plays an important regulatory
role in the nervous system, promoting neuronal survival,
increasing neural protrusions, and promoting neuronal differ-
entiation.38,39 In addition, CREB transcription is related to
learning and memory and can activate downstream genes by
interacting with various molecular chaperones as well as
promote synaptic protein synthesis.40,41 BDNF facilitates the
transport of mRNAs along dendrites and their translation at
the synapse by modulating the initiation and elongation in
long-term changes.42 An altered expression level of BDNF
might lead to synapse and memory loss in the AD brain.
Increasing expression of BDNF by modulating of levels of
CREB can increase the level of PSD95 and save patients from
memory deficits as well as cognitive dysfunction.10 In neurons,
the increase of BDNF by PI3K-Akt-CREB could augment
synaptic protein formation and alleviate the symptoms of
AD.43 Our results suggested that 7,8-DHC activates PI3K-Akt-
CREB signaling to promote BDNF expression to inhibit
synaptic loss induced by Aβ overproduction (Figure 6).
In conclusion, we found that 7,8-DHC can alleviate the

symptoms of AD. It can inhibit the overproduction of Aβ by
reducing the content of BACE1 and increase the level of
ADAM17 and ADAM10. Furthermore, it can inhibit synaptic
loss through activation of the PI3K-Akt-CREB-BDNF path-
way.
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