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Cornel iridoid glycoside ameliorates cognitive deficits in APP/
PS1/tau triple transgenic mice by attenuating amyloid-beta, tau
hyperphosphorylation and neurotrophic dysfunction
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Background: Targeted proteinopathy is involved in creating pharmacological agents that protect against
Alzheimer disease (AD). Cornel iridoid glycoside (CIG) is an effective component derived from Cornus
officinalis. The present study aimed to determine the effects of CIG on B-amyloid (AB) and tau pathology and
the underlying mechanisms in APP/PS1/tau triple transgenic (3xTg) model mice.

Methods: We intragastrically administered 16-month-old 3xTg mice with CIG (100 and 200 mg/kg) daily
for two months. Learning and memory abilities were determined using the Morris water maze (MWM) and
object recognition tests (ORT). Amyloid plaques and AB40/42 and the expression of related proteins in the
cerebral cortex and hippocampus of mice was determined by western blotting

Results: CIG improved learning and memory impairment in 3xTg model mice, decreased amyloid plaque
deposition, AP40/42 and the expression of full-length amyloid precursor protein, and increased levels of
ADAM-10 (o-secretase), neprilysin (NEP), and insulin degrading enzyme (IDE) in the brains of the model
mice. CIG also reduced tau hyperphosphorylation, and elevated phosphorylation level of GSK-3p at Ser9
and methylation of PP2A catalytic subunit C in the model mice. Moreover, CIG increased the expression
of nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF) and phosphorylated cAMP-
responsive element binding protein (p-CREB) in the brain of 3xTg mice.

Conclusions: CIG ameliorated learning and memory deficit via reducing AP content and, tau
hyperphosphorylation and increasing neurotrophic factors in the brain of 3xT'g mice. These results suggest

that CIG may be beneficial for AD therapy.
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Introduction progressive decline of memory and cognition function and

Alzheimer disease (AD) is the most prevalent of the neuronal loss (3). AD is reported caused by the deposition

neurodegenerative diseases affecting elderly (1,2). It is of abnormally folded or processed proteins result in cell

characterized by a biological continuum that includes death (4). The two main neuropathological hallmarks
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are senile plaques which are mainly composed of
compose amyloid-B (AP) and intracellular neurofibrillary
tangles which consist of hyperphosphorylated tau
(5,6). AP peptides are generated from amyloid-p
precursor protein (APP) via ordinal cuts by B-secretase
(the B-site APP-cleaving enzyme 1, BACE-1)
(7,8). Insulin degrading enzyme (IDE) and neprilysin
(NEP) are the two major AB-degrading enzyme (9). Tau is a
soluble axonal microtubule-binding protein and is primarily
localized in neurons and mediates synaptic structure,
axonal transport and neuronal signaling pathways (10,11).
An imbalance between protein phosphatases and protein
kinases is the principal cause of tau hyperphosphorylation.
Protein phosphatase 2A (PP2A) and glycogen synthase
kinase-3B (GSK-3pB) are the most implicated (6,12). In
addition, reduced expression of neurotrophic factors also
plays a crucial role in the pathogenesis of AD (13). Higher
expression of neurotrophic factors slows down cognitive
decline in the elderly, especially in the setting of advancing
AD neuropathology (14).

We extracted the active component, cornel iridoid
glycoside (CIG), from a traditional Chinese herb Cornus
officinalis. Cornus officinalis has been included in the
traditional Chinese medicine prescriptions for treating
dementia and other age-related diseases in China for
many years. Aging is the most important risk factor of
AD. We also recently showed that CIG ameliorated the
cognitive impairment in senescence-accelerated mouse
prone 8 (SAMPS8) mice (15). Cholinergic damage plays
an important role in the pathogenesis of AD. Our study
revealed that CIG improved memory ability and promoted
neuronal survival in fimbria-fornix transected rats which
served as a cholinergic injury and AD-like model (16).
Our recent studies demonstrated that CIG attenuated the
hyperphosphorylation level of tau by regulating crosstalk
between GSK-3B and PP2A in GSK3B-activating cell
model (17) and GSK3B-transfected cell models (18).
However, whether CIG could affect AB, tau and
neurotrophic dysfunction in APP and tau transgenic animal
model has remained unknown. Therefore, in the present
study, we investigated the effects of CIG on AD-related
pathology and its underlying mechanisms in APP/PS1/tau
triple transgenic (3xT'g) model mice.

Methods
Drugs

We extracted CIG from the sarcocarp of Cornus officinalis
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as described by Yao et al. (19). The purity of CIG was 70%,
in which morroniside and loganin accounted for 67% and
33%, respectively, of the extract determined by RP-HPLC.

Animals and drug treatment

APP/PS1/tau triple transgenic (3xT'g) mice over-expressing
mutant APP (APPSWE), PS1 (PS1M146V) and tau
(tauP301L) were obtained from the Institute of Laboratory
Animal Sciences, Chinese Academy of Medical Sciences
(Beijing, China). Wild type (WT) littermates served as age-
and gender-matched controls. The mice had free access
to food and water under a 12/12-h dark/light cycle and
standard pathogen-free conditions throughout the study.
Animal housing and all experimental procedures conformed
to the requirements of the Provisions and General
Recommendations of Chinese Experimental Animal
Administration Legislation.

Wild-type (WT) and 3xTg mice (16 months old)
were randomly assigned to the following groups: WT
administered with vebicle (W'T control), or CIG 100 mg/kg
(WT + CIG100), and 3xTg mice treated with vebicle 3xTg),
or CIG 100 mg/kg 3xTg + CIG100) or 200 mg/kg 3xTg
+ CIG200).

Either CIG or vebicle (distilled water) was administered to
the mice via oral gavage daily for two months. Thereafter,
cognitive behavioral performance was assessed using the
Morris water maze (MWM) and object recognition tests
(ORT). The mice were then anesthetized with 10% chloral
hydrate (4 mL/kg) and decapitated while unconscious. The
brains were dissected and stored at -80 °C.

MWM

Spatial learning and memory performance were tested in all
experimental mice using the MWM, which consisted of a
dark gray tank (diameter, 120 cm; height, 60 cm) containing
water maintained at temperatures between 24 and 26 °C.
An escape platform (diameter, 9.5 cm) was located two
centimeters below the water surface in the center of the
northwest quadrant during a training period. The mice
were acclimated to the platform in the pool during training
day 1, then the platform was hidden from days 2 to 5.
Each mouse underwent two training sessions daily for four
consecutive days (acquisition phase). Two trials proceeded
simultaneously each day for a total of six days. On the day
after the last training session, the mice underwent a probe
trial in which they were allowed to swim for 60 s to find the
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platform that had been removed from the pool. Mice were
gently placed into the water facing the maze wall at one of
four quadrants during each trial, then their activities were
video recorded and analyzed using a computerized video
system.

ORT

The ORT is widely used to measure recognition memory
in mice (20). Mice were placed in the center of an empty
250-mm’ test arena on day 1 and allowed to explore for
5 min. During the training phase, the mice were presented
with two similar objects to explore for 5 min on day 2.
During the test phase, one of the two objects was replaced
with a new object on day 3. The arena and the objects were
thoroughly cleaned with 10% ethanol to eliminate olfactory
cues throughout the trial. A discrimination index (DI) was
calculated as (the amount time spent exploring the novel
object—the amount of time exploring the familiar object)
divided by the total amount of time spent with both objects.

Immunobistochemical procedure

Mouse brains were fixed in 4% paraformaldehyde
overnight, dehydrated in 30% sucrose and rapidly frozen in
optimal cutting temperature compound (OCT) embedding
medium. Frozen sections (thickness, 20 pm) were taken
through the hippocampus and processed under free-floating
conditions. The slices were subsequently mounted on glass
slides and stained for amyloid plaques as follows.

Brain slices were incubated with a mouse monoclonal
anti-AP antibody (Cell Signaling Technology Inc.,
Danvers, MA, USA). Non-specific binding on sections
for immunohistochemistry (IHC) was blocked with 5%
BSA (Sigma); then, the sections were incubated with
mouse monoclonal anti-Ap antibody (diluted 1:300) at
4 °C overnight, followed by goat anti-rabbit or anti-mouse
secondary antibodies (diluted 1:100) at room temperature
for 30 minutes. Areas of AP plaques were counted within
fields of view of the same size (um’) under the microscope,
and calculated using Image ] software (Research Services
Branch, National Institute of Mental Health, Bethesda,
MD, USA).

Western blotting

Samples with equal protein concentrations were
separated by sodium dodecyl sulfate-polyacrylamide
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gel electrophoresis (SDS-PAGE), then transferred to
polyvinylidene fluoride (PVDF) membranes. Non-specific
binding was blocked by incubating the membranes with 5%
non-fat milk for 1 h, then with various primary antibodies
at 4 °C overnight (see below). The membranes were washed
with Tris-buffered saline containing Tween 20 (TBST),
then incubated for 2 h with goat anti-rabbit or anti-mouse
secondary antibodies conjugated to horseradish peroxidase.
The membranes were then rinsed three times with TBST.
Protein signals were visualized using the chemiluminescence
reagents in the ECL kit (Merck-Millipore, Burlington,
MA, USA), and proteins were quantified by densitometric
analysis using AlphaView SA gel image processing system
software (ProteinSimple, San Jose, CA, USA).

The monoclonal primary antibodies used in these
assays comprised rabbit anti-Ap antibody diluted 1:1,000;
mouse anti-CREB antibody diluted 1:1,000 and rabbit
anti-phosphorylated CREB antibody diluted 1:1,000 (Cell
Signaling Technology), rabbit anti-APP antibody diluted
1:500, rabbit anti-BACE1 antibody diluted 1:10,000,
rabbit anti-IDE antibody diluted 1:10,000, rabbit anti-p-
GSK3B-Ser9 antibody diluted 1:1,000 and rabbit anti-NGF
antibody diluted 1:1,000 (Abcam, Cambridge, UK); rabbit
anti-ADAM10 antibody (diluted 1:10,000; Sigma), rabbit
anti-NEP antibody diluted 1:1,000 (Merck-Millipore);
rabbit anti-PP2Ac antibody diluted 1:500 and mouse anti-
methylated PP2Ac antibody diluted 1:100 (Santa Cruz
Biotechnology Inc., Dallas TX, USA); rabbit anti-GSK-3
antibody diluted 1:1,000 and mouse anti-B-actin antibody
diluted 1:1,000 (ZSGB-Biotechnology Company, Beijing,
China); rabbit anti-BDNF antibody diluted 1:2,000
(Epitomics International Inc., Burlingame, CA, USA);
rabbit anti-phosphorylated tau at Ser396 antibody diluted
1:1,000 and rabbit anti-phosphorylation tau at Ser44
site antibody diluted 1:1,000 (Invitrogen, Waltham, MA,
USA).

Statistical analysis

Data were statistically analyzed using the Statistical Package
for the Social Sciences (SPSS) 16.0 (SPSS Inc., Chicago, IL,
USA). All data are expressed as means = the standard error
of the mean (SEM). Escape latency and average swim speed
in MWM tests were assessed using a repeated-measures
analysis of variance (ANOVA). Differences among more
than three groups were analyzed using one-way ANOVA
followed by post-hoc LSD tests. Values with P<0.05 were
considered statistically significant.
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Figure 1 CIG ameliorates learning and memory impairment in 3xTg mice. Learning and memory abilities of 18-month-old APP/PS1/

tau triple transgenic 3xT'g) or wild type (WT) mice were assessed using a Morris water maze (MWM) and object recognition tests (ORT)

after intragastric administration of CIG (100 and 200 mg/kg) for two months. (A) Escape latency in MWM test. (B) Amount of time spent
in target quadrant on day 6 of probe trial of MWM test. (C) Swimming speed in MWM test. (D) Discrimination index (DI) in ORT. Data
are presented as means + SEM, n=7-9 for each group. ¥, P<0.05, ™ P<0.01, 3xTg group vs. WT group; *, P<0.05, **, P<0.01, CIG-treated

groups vs. untreated 3xT'g group. CIG, cornel iridoid glycoside.

Results

CIG ameliorated learning and memory deficits in 3xTg
mice

We intragastrically administered CIG to 16-month-old
3xTg mice for two months, then assessed spatial learning
and memory ability using the MWM. Escape latency
was prolonged in 3xT'g model mice compared with WT
controls (P<0.001), but significantly shortened in 3xTg
mice administered with 100 and 200 mg/kg CIG (P<0.001;
Figure 14). The probe test on day 6 showed that WT and
CIG-treated 3xT'g mice spent more time swimming in the
target quadrant than vehicle-treated 3xTg mice (P<0.05 and
P<0.01; Figure 1B). Swimming speed did not significantly
differ among the groups (Figure 1C), which ruled out the
possibility that changes in motor function affected escape
latency.

Recognition memory was assessed in the mice using
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ORT. Figure 1D shows that the discrimination index (DI)
was considerably lower in vehicle-treated 3xTg, compared
with WT mice (P<0.05), whereas the DI was significantly
increased in 3xTg mice administered with 100 and
200 mg/kg CIG for two months compared with vehicle-
treated 3xTg mice (P<0.05). These results indicated that
CIG improved cognitive impairment in 3xT'g mice.

CIG decreases amyloid plaque deposition and Apf contents
in the brain of 3xTg mice

The major components of amyloid plaques, B-amyloid
1-40 (AB40) and AP1-42 (AP42) accumulate within
pyramidal neurons in the brains of individuals with
AD (21). We detected AB40 and AP42 expression using
immunohistochemical staining. Figure 2 shows that CIG
obviously decreased the characteristic abundance of
APB40/42 in the cerebral cortex and hippocampus of 3xT'g
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Figure 2 CIG decreases amyloid plaques and AP deposition in the cerebral cortex and hippocampus of 3xTg mice. (A) Representative

images of AP deposition in cerebral cortex and hippocampus visualized using immunohistochemistry. Scale bar =100 pm. (B,C) Quantitation

of ratios (%) of AP plaque areas in cerebral cortex and hippocampus, respectively. Data are presented as means + SEM, (n=3). ", P<0.001,
3xTg group vs. WT group; *, P<0.05, ***, P<0.001, CIG-treated groups vs. 3xT'g group. CIG, cornel iridoid glycoside.

model mice (P<0.001).

CIG reduces APP expression and increases ADAM-10 level
in the brain of 3xTg mice

To investigate the production of AP pathways, detect
full-length APP (FL APP), ADAM-10 and BACE-1.
Significantly more FL. APP was expressed in the cerebral
cortex and hippocampus of 3xTg compared with W mice
(P<0.001), and this was significantly decreased by CIG
(P<0.05, P<0.01, P<0.001; Figure 34,B). We then assessed
the expression of ADAM-10 (u-secretase) and BACE-1
(B-secretase), that are key enzymes in non-amyloidogenic
and amyloidogenic APP processing pathways, respectively.
The significantly decreased expression of ADAM-10 in
the cerebral cortex and hippocampus of 3xT'g mice treated
with vehicle (P<0.01), was significantly increased by CIG
(P<0.001; Figure 34,C). However, levels of BACE-1 did not
significantly differ among the groups (Figure 34,D). These
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results indicated that CIG decreased AP production.

CIG increases the expression of NEP and IDE in the brain
of 3xTg mice

NEP and IDE are crucial enzymes that are involved
in AP (22). Western blots showed that the obviously
depleted levels of NEP and IDE in the cerebral cortex and
hippocampus of 3xT'g, compared with WT mice (P<0.05)
were significantly increased by CIG (P<0.001; Figure 4),
indicating that CIG promoted AP degradation.

CIG inbibits tau byperphosphorylation in the brain of
3xTg mice

Figure 5 shows remarkably increased tau phosphorylation
at Ser396 and Ser404 in the cerebral cortex, and obviously
elevated expression of phosphorylated tau at Ser404 in
the hippocampus of 3xTg mice (P<0.001 and P<0.05).
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Figure 3 CIG decreases APP expression and increases ADAM-10 level in the cerebral cortex and hippocampus of 3xTg mice (western
blotting). (A) Representative western blots of full-length APP (FL. APP), ADAM-10 and BACE-1. Quantitative findings of FL. APP (B),
ADAM-10 (C) and BACE-1 (D), respectively. Internal control was B-actin. Ratio of target protein to -actin in WT control group was set as 1.
Data are expressed as means = SEM; n=4 per group. * P<0.05, " P<0.01, ™ P<0.001, 3xTg group vs. WT group; *, P<0.05, **, P<0.01, ***,
P<0.001, CIG-treated groups vs. 3xT'g group. CIG, cornel iridoid glycoside.

Tau hyperphosphorylation at Ser396 and Ser404 in the
cerebral cortex and hippocampus of 3xTg mice significantly
decreased by CIG (P<0.05 and P<0.001). The total amounts
of tau did not significantly differ among the groups.

CIG regulates the activity-related modifications of PP2A
and GSK-3f in the brain of 3xTg mice

Glycogen synthase kinase-3p (GSK-3B) and protein
phosphatase 2A (PP2A) are the most important enzymes
for phosphorylating and dephosphorylating tau protein,
respectively (23). Figure 6 shows a significant decline in
the expression of methylated PP2A catalytic subunit C
(m-PP2Ac) at Leu309 in the hippocampus (P<0.001), and
a significant decrease in phosphorylated GSK-3p at Ser9
(p-GSK3B-Ser9) in the cerebral cortex and hippocampus
of 3xT'g mice (P<0.001). The expression of m-PP2Ac and
p-GSK3B-Ser9 in the cerebral cortex and hippocampus of
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3xTg mice was significantly elevated by CIG (P<0.001),
implying that CIG respectively increased and decreased
PP2A and GSK-3p activities.

CIG elevates the expression of neurotrophic factors and
p-CREB in the brain of 3xTg mice

Neurotrophic factors play critical roles in synaptic plasticity,
neuronal development, survival and appropriate function (24).
We evaluated the expression of NGF and BDNF by
western blotting. Figure 7 shows decreased NGF and
BDNPF expression in the cerebral cortex and hippocampus
of 3xTg, compared with WT mice (P<0.001) that was
significantly increased by CIG (P<0.001). Moreover, CREB,
which is a representative downstream molecule of BDNF
signaling was activated. The expression of phosphorylated
CREB (p-CREB) was reduced in the hippocampus of 3xTg
mice (P<0.05), and CIG elevated p-CREB expression in the
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Figure 4 CIG increases the expression of NEP and IDE in the cerebral cortex and hippocampus of 3xTg mice (western blotting). (A)
Representative western blots of neprilysin (NEP) and insulin degrading enzyme (IDE). Quantitative findings of NEP (B) and IDE (C).

Internal control was B-actin. Ratio of target protein to B-actin in WT control mice was set as 1. Data are expressed as means + SEM; n=4 per
group. *, P<0.05, 3xTg group vs. WT group; *, P<0.05, **, P<0.01, ***, P<0.001, CIG-treated groups vs. 3xTg group. CIG, cornel iridoid

glycoside.

cerebral cortex and the hippocampus of these mice (P<0.05,
P<0.001; Figure 7). These results suggested that CIG
activated the neurotrophic factor/CREB signaling pathway.

Discussion

Our present study investigated the effects of CIG using
APP/PS1/tau triple transgenic (3xT'g) mice which over-
expressed mutant APP (APPSWE), PS1 (PS1IM146V)
and tau (tauP301L). The results demonstrated that CIG
improved learning and memory impairment, decreased A
content, inhibited tau hyperphosphorylation, and increased
neurotrophic factors in the brain of 3xT'g mice.

One of the main neuropathological hallmarks of AD is
extracellular senile plaques formed by deposition of AP.

© Annals of Translational Medicine. All rights reserved.

In our present study, 18-month-old 3xTg mice showed
abundant amyloid plaques and AP plaque deposition in
the brain, while CIG treatment for 2 months significantly
decreased amyloid plaques and AP deposition in the
hippocampus and cerebral cortex of 3xTg mice. It has
been reported that Ap 1-40 and AP 1-42 are neurotoxic
peptides which are generated from APP through sequential
proteolytic cleavages by B-secretase (BACE-1) and
y-secretase (25,26). Conversely, a-secretase (a disintegrin
and metalloproteinase 10, ADAM10) cleaves APP within
the eventual AP sequence and precludes AP generation (27).
Moreover, AP can be degraded and cleared by IDE and
NEP. Maintaining a balance between the production and
clearance of AP is considered to be potential strategy for
AD (28). AP production and increasing AP degradation
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are presently two main ways to reduce AB level (29). In
the present study, 3xTg mice showed an increase in the
expression of full-length APP and a decrease in the levels of
ADAMI10, IDE and NEP in the hippocampus and cerebral
cortex, and an elevation in the expression of BACE-1 in the
cerebral cortex but not in the hippocampus. CIG treatment
reduced the expression of APP and elevated the level
of ADAMI10 in the hippocampus and cerebral cortex of
3xTg mice; however, CIG did not decline BACE-1 in the
cerebral cortex. These results imply that CIG may reduce
the production of AP mainly via decreasing APP expression
and increasing a-secretase. We also found that CIG
elevated the levels of IDE and NEP in the hippocampus
and cerebral cortex of 3xT'g mice, thereby might promote
the degradation of AB. Our results suggest that CIG may
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reduce the content of A via both inhibiting the generation
pathway and enhancing the clearance pathway of Af in the
brain of AD-like animal model.

Another neuropathological hallmark of AD is
intracellular neurofibrillary tangles formed by aggregation
of hyperphosphorylated tau protein. Development of tau
pathology is associated with progressive neuronal loss and
memory dysfunction (30). Tau is hyperphosphorylated
at several Ser or Thr sites during the progression of AD,
including Ser 396 and Ser 404 (31,32). Inhibiting tau
hyperphosphorylation has become a focus of current AD
drug research. Increased tau phosphorylation was reduced
by CIG at Ser 396 and Ser 404 in the cerebral cortex and
hippocampus of 3xTg mice.

Tau phosphorylation is mainly regulated by protein

Ann Transl Med 2020;8(6):328 | http://dx.doi.org/10.21037/atm.2020.02.138
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Figure 6 The effects of CIG on activity-related modifications of PP2A and GSK-3p in the cerebral cortex and hippocampus of 3xT'g mice
(western blotting). (A) Representative blots of PP2A catalytic subunit C (PP2Ac) methylated PP2Ac at Leu309 (m-PP2Ac), GSK-3B and
phosphorylated GSK-3p at Ser9 (p-GSK3B-Ser9). Quantitative findings of PP2Ac, m-PP2Ac, GSK-3B and p-GSK3B-Ser9 in cerebral
cortex (B) and hippocampus (C). Internal control was B-actin. Ratio of target protein to -actin in WT control mice was set as 1. Data are
expressed as means = SEM; n=4 per group. ™, P<0.001, 3xTg group vs. WT group; *, P<0.05, **, P<0.01, ***, P<0.001, CIG-treated groups

vs. 3xTg group. CIG, cornel iridoid glycoside.

kinases (such as GSK-3pB) and protein phosphatases
(such as PP2A) (6). The comparatively dominant
isoform expressed in neurons, GSK-3p, is activated in
the frontal cortex and hippocampus of patients (33,34).
When being phosphorylated at Ser9, GSK-3p becomes
inactive (35). The present study found that the expression
of phosphorylated GSK-3B at Ser9 was decreased in the
brain of 3xTg mice; CIG increased the phosphorylation of
GSK-3p at Ser9 in the cerebral cortex and hippocampus
of 3xTg mice, suggesting that CIG might attenuate the
activity of GSK-3B thus reduce tau phosphorylation.
The main protein phosphatase that dephosphorylates tau
protein is PP2A; which consists of a scaffold (A), as well as
regulatory (B), and catalytic (C) subunits. Posttranslational

© Annals of Translational Medicine. All rights reserved.

modifications of its catalytic subunit C (PP2Ac) regulate
the activity of PP2A (36), which is critical for its selective
phosphatase activity toward different phosphor-protein
substrates (37). PP2A shows efficient enzymatic activity
when PP2Ac is methylated at Leu309 (38). Results of the
present study showed that the expression of methylated
PP2Ac at Leu309 was reduced in the brain of 3xTg mice;
CIG increased the methylation of PP2Ac at Leu309 in the
cerebral cortex and hippocampus of 3xTg mice, implying
that CIG might elevate the activity of PP2A thus promote
tau dephosphorylation. These results suggest that CIG
may inhibit tau hyperphosphorylation through decreasing
GSK-3p activity and increasing PP2A activity in the brain
of AD-like animal model.

Ann Transl Med 2020;8(6):328 | http://dx.doi.org/10.21037/atm.2020.02.138
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Neurotrophic factors are a family of secreted proteins
necessary for the growth, survival and differentiation
of neurons. They play essential roles in the central
and peripheral nervous system by regulating diverse
physiological functions of neurons, supporting axon growth
and neuronal plasticity, protecting neurons from damage
and apoptosis, and improving the repair of damaged neurons
throughout life. Neurotrophic factors, including NGF
and BDNFE, are involved in the pathogenesis of AD (39).
Studies have shown that an NGF deficiency induces
cholinergic deficits, neuronal apoptosis, synaptic damage,
AP deposition, neurofibrillary tangles and impaired memory

© Annals of Translational Medicine. All rights reserved.

(40,41). The expression of BDNF or TrkB in patients
with Alzheimer, Parkinson and Huntington diseases is
decreased to varying degrees (42). However, NGF and
BDNF might offer a therapeutic approach based on the
regenerative capacity of the brain to shift the balance from
neurodegeneration to neural regeneration (43,44). Brain-
derived neurotrophic factor shows promise for treating
neurodegenerative diseases (45). We found that CIG
significantly increased the low levels of NGF and BDNF
expression in the cerebral cortex and hippocampus of 3xTg
mice.

Many studies have shown that BDNF-TrkB signaling
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and its downstream protein, the transcription factor
CREB, ameliorates deficits in neurogenesis, synaptic
plasticity, and cognition (46,47), and regulates learning
and memory function. Active CREB facilitates long-term
potentiation (48), which is an important component of
memory formation and maintenance. Somatic gene transfer
of CREB improves memory impairment in aging rats (49).
Several signal transduction pathways, including that of
BDNEF/PI3K/GSK3B mediate the phosphorylation of
CREB, then activated phosphorylated CREB (p-CREB)
associates with CREB-binding protein (CBP) to regulate the
downstream expression of specific genes, thus triggering the
synthesis of memory-related proteins, including BDNF (50).
In our current study, we found that the expression of
p-CREB was reduced in the brain of 3xT'g mice, whereas
CIG restored the level of p-CREB in the cerebral cortex
and hippocampus. The results above imply that CIG may
activate BDNF/CREB signaling pathway in the brain, and
this may be one of the mechanisms by which CIG improve
cognitive impairment

AD is a multifactorial and a highly complex process,
and its pathogenesis involves multiple mechanisms (51);
therefore, the single modality of “One-molecule-one-target”
strategy for treatment of AD has failed (52). In the present
study, we used APP/PS1/tau triple transgenic (3xTg) mice,
and found that CIG decreased AP content, inhibited tau
hyperphosphorylation, and increased neurotrophic factors
in the brain of 3xTg mice through different mechanisms.
Our results suggest that CIG may be effective on multiple
pathways and targets of the complex pathogenesis of AD,
and may eventually block the progression of AD. However,
the limitation of this study is that the accurate targets of
CIG have not been confirmed yet, further studies still need
to verify them.

In conclusion, we found impaired cognitive function,
increased AP deposition and tau phosphorylation, decreased
neurotrophic factors, and active CREB in the brains of18-
month-old APP/PS1/tau triple transgenic (3xT'g) mouse
models of AD. Intragastric administration of CIG for
2 months improved the cognitive impairment in these
mice by decreasing amyloid plaques and AP content via
reducing AP production and promoting AB degradation.
CIG decreased tau hyperphosphorylation by respectively
attenuating and elevating GSK-3p and PP2A activities;
CIG also increased the levels of neurotrophic factors
(NGF and BDNF) and p-CREB in the cerebral cortex and
hippocampus of 3xTg mice. These results suggested that
CIG affects many pathways and targets involved in the

© Annals of Translational Medicine. All rights reserved.
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complex pathogenesis of AD, and thus might be beneficial
as a new therapy for AD.
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