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Background: As a substrate of apoER2, Reelin has been verified to exert neuroprotection
by preventing memory impairment. Pinocembrin is the most abundant natural flavonoid
found in propolis, and it has been used to exert neuroprotection, blood—brain barrier protec-
tion, anti-oxidation, and inflammation diminishing, both in vitro and in vivo. However, the
roles and molecular mechanisms of pinocembrin in neurobehavioral outcomes and neuronal
repair after vascular dementia are still under investigation.

Purpose: To explore the role of pinocembrin in the involvement of the Reelin-dabl signaling
pathway in improving memory impairment, both in cell culture and animals experiments.
Material and Methods: Behavioral tests were conducted on day 48 to confirm the
protection of pinocembrin against cognitive impairment. Cell and molecular biology experi-
ments demonstrated that the Reelin-dabl pathway mediates the underlying mechanism of
cognitive improvement by pinocembrin.

Results: It was showed that pinocembrin alleviated learning and memory deficits induced by
vascular dementia, by inducing the expression of Reelin, apoER2, and p-dabl in the
hippocampus. The expression of Reelin and p-dabl was both inhibited following Reelin
RNA interference in SH-SYS5Y prior to oxygen glucose deprivation (OGD) injury, suggesting
that Reelin played a core role in pinocembrin’s effect on OGD in vitro.

Conclusion: Pinocembrin improves the cognition via the Reelin-dab1 signaling pathway.
Keywords: pinocembrin, Reelin, vascular dementia, hippocampus, cognitive impairment,
signaling pathway

Introduction

Vascular dementia (VD) characterized by cognitive deficits is the second most frequent
etiology of dementia. The pathogenesis of VD remains not fully understood, leading to
the lack of a cure. Therefore, a therapeutic target needs to be identified, which allows
for the alleviation of cognitive impairment, aiming to prevent or treat VD using novel
pharmacological agents. Reelin, an extracellular matrix molecule mostly investigated
as a critical factor in controlling the migration and laminar arrangement of neurons in
various structures, including the spinal cord, neocortex, cerebellum, and hippocampus
during brain development, is involved in many neuropsychiatric and neurodegenerative
diseases with clinical symptoms of cognitive deficits, including schizophrenia, bipolar
disorder, depression, epilepsy, and autism.'” In addition, the signaling pathways of
Reelin seem to be particularly susceptible to neurodegenerative diseases, potentially
contributing to their pathogenesis.”
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Pinocembrin (5,7-dihydroxyflavanone, also designated as
pino) is the most abundant natural flavonoid identified in
propolis, honey, and several plants including wild marjoram
and ginger roots.” ' In 1992, Pinocembrin was extracted
from Eriodictyon californicum for the first time, and over
the past decade, many reports have showed its protective
ability against ischemic brain injury with a wide treatment
time window.'? Pinocembrin has been used to exert
neuroprotection,'® blood-brain barrier protection,'® anti-

1313 and inflammation diminishing'® both in vitro

oxidation,
and in vivo. It has also been reported to be involved in
neuroprotection against Chronic cerebral hypoperfusion
(CCH) by brain mitochondria.'”

This study aimed to explore the roles and molecular
mechanisms of pinocembrin in neurobehavioral outcomes

and neuronal repair after VD induction in rats.

Materials and Methods

Agents and Drugs

Pinocembrin (>99%, tested by HPLC) was performed as
sterile powder for injection by synthesis and processing at
the Department of New Drug Development, Institute of
Materia Medica, Chinese Academy of Medical Sciences.
Prior to being used, it was dissolved in 0.9% NaCl. SH-
SYSY cells were purchased commercially from American
Type Culture Collection.

Animals and Experimental Design

In this experiment, we established vascular dementia mod-
els by bilateral common carotid artery ligation by referring
to studies by Liao and Zhu.'®™' Ten percent chloral
hydrate (4mL/kg) was used for anesthetization of male
Wistar rats (6 to 8 weeks old, 180 to 200g, Vital River
Company, Beijing, China), after anesthetization, the bilat-
eral carotid arteries were exposed through a cervical inci-
sion and occluded using silk sutures. During the surgical
procedure, the use of a heating pad prevented hypother-
mia. The rats which were operated named as operative
group. The rats in the control group (sham group) were
sham-operated, which involved the bilateral exposure of
the common carotid arteries.

From postoperative day 24 to day 28, all the rats, includ-
ing rats in the sham and operative groups, were given the
screening trial 3 times daily. The trail was a part of Morris
water maze test (MWM) and we considered the time the rats
to find the submerged platform as the escape latency.”’ The
average of three escape latency values in rats from each

operative group (value 1) and total mean escape latency in
rats from the sham group (value 2) on the day 5 were
detected. Screening ratio (SR) was identified as an index
for judging the cognitive impairment for each operative
rats.SR = (valuel—value 2)/value 2. The rat was identified
as a cognitive impairment when SR was >0.2. Those opera-
tive group rats with an SR >0.2 were randomly assigned to 4
groups: (1) 2VO (Cognitive impairment induced by perma-
nent ligation of bilateral common carotid artery) rats treated
with normal saline (2VO group); (2) 2VO rats treated with
pinocembrin 1 mg/kg (pino-1group); (3) 2VO rats treated
with pinocembrin 3 mg/kg (pino-3group); and (4) 2VO rats
treated with pinocembrin 10 mg/kg (pino-10 group). Each
group consisted of 12 rats.

From post-surgical day 29, the rats were given a daily
intravenous injection (tail vein) of either pinocembrin (1,
3.10 mg/kg) or vehicle (normal saline, 0.9%NaCl), until
the end of the experiment on day 56. From day 48 after
surgery, all the rats were given the step down passive
avoidance test. From day 50 after surgery, all the rats
(sham group,2 VO group, pino-1 group, pino-3 group
and pino-10 group) were given the MWM test (Figure 1).

All animals were kept in at 25°C and humidity of 65%,
and provided with water and food ad libitum. All animal
protocols were strictly on basis of the National Institutes
of Health Guide for the Care and Use of Laboratory
The
Committee of the Peking Union Medical College approved

Animals. Experimental Animal Administration

all protocols and experimental designs.

Morris Water Maze Test

The rats’ pre- and post-treatment cognitive function was
evaluated using the MWM as previously described.
Briefly, the protocol consisted of three trials per day for
five consecutive days, with each trial randomly started
from one of the four quadrants. The experiment was
started by putting rats into the water toward walls of
pool. The rats were then permitted to swim until they
could reach the hidden platform (the maximum swimming
time was 60s). The video camera was used to record the
escape latencies and paths of swimming. If the rat failed to
escape within 60s, the researcher guided rats to the plat-
form and kept them on it for 10 s prior to the next
experiment. At day 6, a probe experiment was performed
as follows: the platform was removed from the pool and
the rats were permitted to swim freely for 60s. The per-
centage of time spent in the target quadrant was recorded
and used as a measure of spatial memory.
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Figure | Experimental design, time-line of pinocembrin administration and behavioral tasks (n = 12 per group).

Abbreviation: MWM, Morris water maze.

Step Down Passive Avoidance Test

The step down test consisted of placing the rats on an elevated
platform placed close to the wall of an arena. The rats learned
to associate the exploration of the adjacent compartment with
an aversive stimulus, consisting of a foot shock delivered
through the floor grid (10 electric shocks, 20ms/0.5mA/5Hz).
If the rats were exposed once more to the same environment,
they would increase the latency before stepping down onto the
platform or avoid stepping down. The time to avoid stepping
down was recorded as latencies. If the rats stepped down onto
the platform, we considered that these rats had an error.
A recall trial was performed 24h after the acquisition trial, in
a similar manner to the acquisition trial, but with recording the
Error number made by each rat in 300s.

Measurement of Plasma Reelin Levels
Whole blood was collected into microcentrifuge tubes
using a sterile capillary tube, according to the manufac-
turer’s instructions. Plasma was collected by centrifuging
the blood samples at 2500xg for 15 min at 4°C, then
stored at —80°C. The cortex and hippocampus were imme-
diately weighed and homogenized on ice with tissue
homogenizer in the PBS buffer. The tissue homogenates
were centrifuged at 12,000 g at 4°C for 10 min, and the
supernatants were used to detect Reelin concentration.
Reelin concentrations were measured using a rat Reelin
immunoassay kit (Abcam, Cambridge, MA, USA).

Tissue Preparation
On day 56 after surgery, 6 rats from each group were
anesthetized using 10% chloral hydrate and perfused with

0.9% saline. The hippocampus, cerebral cortex were isolated
for Western blotting trials and enzyme-linked immunosor-
bent assay (ELISA), and these specimens were kept in liquid
nitrogen. Six rats from each group were anesthetized using
10% chloral hydrate and perfused with 4% paraformalde-
hyde solution. The cerebral tissues were fixed with 4%
paraformaldehyde solution for 24 hours. Brain tissue was
dehydrated with ethanol at different concentration gradients,
rendered transparent by xylene and embedded in paraffin,
after which pathological sections were cut and stained with
hematoxylin-eosin staining (HE).

In vitro Cell Viability Assays

We used the SH-SYSY under oxygen glucose deprivation
(OGD) condition as the model in vitro to simulate the
neuron damage in VD.?' The cells in 96-well were cul-
tured in DMEM medium containing 10% FBS (fetal
bovine serum) at 5% CO, and 37°C. When the confluency
of cells reached to 85%, 0.5% of serum was used to starve
cells overnight prior to pretreatment with various concen-
trations of pinocembrin for 24 hours. The cells were then
exposed to DMEM without glucose and oxygen for 24
hours. Cell viability was determined using methyl thiazo-
lyl tetrazolium assays (Sigma Aldrich, Inc). The absor-
bance was determined at 490nm.

siRNA Transfection

SH-SY5Y cells with a concentration of 1x10°/mL were
cultured in six-well plates. The cells were cultured for 24
hours and the confluency of cells was 60—70%. After being
washed with siRNA transfection medium (included in the
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siRNA reagent system from Santa Cruz Biotechnology, sc-
36,868), the cells were incubated with Reelin siRNA
(Santa Cruz Biotechnology, sc-42,208) for 6 hours. The
cells with transfection of Reelin siRNA were cultured with
fresh medium for one day. The medium was changed and
cells were cultured for another 36 hours, and then retreated
for 24 hours with pinocembrin. Following this, Western
blotting was performed for cells. The siRNA transfection
protocol was completed with the standards of biological

safety and security procedures.

Western Blot

The tissues of hippocampal were homogenized in lysis
buffer (Beyotime, China) (50mM HEPES, pH7.4, 150mM
NaCl, ImM B-glycerophosphate, 3mMDTT, 3mMNaVOs;,
ImM EDTA, 1Mmegta, 1NaF, 1mM Phenylmethylsulfonyl
fluoride, 1% TritonX and 1xprotease and phosphatase inhi-
bitors cocktail) and centrifuged (12,000 rpm) at 4°C for 15
min. Protein lysates (40ug) were electrophoresed on 8% or
6% sodium dodecyl sulfate (SDS)—polyacrylamide gel elec-
trophoresis (PAGE) gels, then transferred to polyvinylidene
fluoride (PVDF) membranes (Millipore, USA). At room
temperature, 50 g/L nonfat milk was used to block the cell
membranes for 1 hour, then the membranes were cultured
overnight at 4°C with Anti-Reelin antibody [G10]
(ab78540), Anti-apolipoprotein E receptor 2 (ApoER2)
antibody (ab204112), Phospho-Dabl (Tyr220) Antibody
(#3327). Next, the membranes were incubated using horse-
radish peroxidase — conjugated goat anti-rabbit IgG (1:1000
dilution; Beyotime, China) for 60 min at room temperature.
Images of blots were visualized with Western Lightning
Plus-ECL (Thermo Fisher Scientific, USA). Band densities
were calculated withp-actin as internal reference (1:1000
dilution; Beyotime, China).

Statistical Analysis

Data analyses were performed with the SPSS 22.0 soft-
ware package. The measurement data were expressed as
the mean + standard deviation (MeantSD). Independent
t-test was adopted for comparison between the two groups
and the One-way or two-way analysis of variance
(ANOVA) for comparison among multiple groups. Chi-
square test (¥2 test) was adopted for comparison between
the two groups as to enumeration data expressed as the
percentage or case (n). P<0.05 was considered statistically
different.

Results
Pinocembrin Alleviates VD-Induced

Learning and Memory Deficits

VD is characterized by progressive neuronal damage with
learning and memory deficits. Training trials on the MWM
were used to assess place or spatial learning. During those
trials, VD rats traveled longer than those in the sham group,
whereas rats treated with pinocembrin traveled shorter than
those treated with saline (Figure 2A). Compared with those in
the sham group, saline-treated rats had longer escape latencies
from day 1 to day 5 as shown in Figure 2B. The pino-3 group
had a significantly shorter escape latency than saline-treated
rats (P < 0.05). In the probe trail, the pino-1 group spent
significantly longer in the target quadrant compared to saline-
treated rats (P < 0.05), indicating that pinocembrin can alle-
viate learning and memory deficits (Figure 2C). To determine
the influence of the swimming capacity on escape latency, the
swimming speed was calculated for each group. There were
no significant differences among groups regarding speed of
swimming (P > 0.05; Figure 2D).

The step down type passive avoidance test was per-
formed to investigate whether pinocembrin affects the rats’
behavior. It came out that pinocembrin reduces the number
of errors (P < 0.05; Figure 2E), decreasing the latency to
step down (P < 0.05; Figure 2F) (Figure 2AF).

Pinocembrin Attenuates Neuronal

Damage in the Rat’s Hippocampus

To evaluate the protective effect of pinocembrin on the hippo-
campal neurons injured by 2VO surgery, the brain sections
obtained from each group were stained with hematoxylin and
eosin. In the sham group, CA1 neurons were aligned with
a clear cytoplasm and nuclei, whereas in the 2VO group,
CA1 neurons exhibited an irregular arrangement and focal
necrosis. In the groups treated with pinocembrin, the neurons
were significantly more regular than that in the 2VO group.
Among these groups, the strongest protective effect of CAl
neurons was observed in the group treated with 3mg/kg pino-
cembrin (Figure 3).

Pinocembrin Ameliorates the Level of
Reelin in Plasma, Cerebral Cortex, and
Hippocampus

In the present study, ELISA was used to evaluate the level
of Reelin in plasma, the cerebral cortex, and the hippo-
campus. As shown in Table 1, VD was associated with
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Figure 2 Pinocembrin improved memory and learning impairment induced by 2VO in rats. (A) Representative swimming tracks in the MWM during the probe trial on day 5. (B)
Escape latency during the training period to locate the hidden platform, 3 weeks after pinocembrin administration. (C) Percentage of time spent in the target quadrant after pinocembrin
administration, during the 60s probe trial. (D) The speeds of swimming (path length/escape latency) of different rat groups. (E) The latency of different rat groups in passive avoidance
response (step down). (F) Number of errors of different rat groups in passive avoidance response (step down). Results presented as means + SEM. Significance was determined by one-
way ANOVA. *Represents P < 0.05 compared with those in sham group in (B and F). “Represents P < 0.05 relative to model (2VO+saline) group in (B, D, and E). n =6.

Abbreviations: Pino, pinocembrin; 2VO, cognitive impairment induced by permanent ligation of bilateral common carotid artery; MWM, Morris water maze; SEM, standard

error of mean; ANOVA, analysis of variance.

a decreased level of Reelin VD in plasma, the cerebral
cortex, and the hippocampus (all P < 0.05), which was
mitigated by treatment with pinocembrin (all P < 0.05).

Pinocembrin Increases Protein
Expression of the Reelin-dab| signal
Pathway in the Hippocampus

As shown in Figure 4A, 8 weeks after surgery, the protein
expression of Reelin in the hippocampus was significantly
downregulated compared with the sham group (P < 0.05).
The downregulation was mitigated by pinocembrin, which
facilitated the expression of Reelin in the hippocampus
(P < 0.05). As shown in Figure 4B and C, VD is associated

with the downregulation of apoER2 (the best-characterized
Reelin receptors-2) and p-dabl (Reelin’s intracellular adaptor
protein-1) expression (both P < 0.05), which is mitigated by
pinocembrin administration (both P < 0.05).(Figure 4AC)

Pinocembrin Activates the Reelin-dab|
signaling Pathway in vitro

To further investigate the role of the Reelin-dabl signaling
pathway, we examined the protective role of pinocembrin in
SH-SYS5Y injury induced by OGD. As seen in Figure 5A, the
expression of Reelin in SH-SYSY is downregulated by OGD
and significantly elevated by pinocembrin (P < 0.05). The
results in Figure 5B showed a decrease in apoER2 expression

Drug Design, Development and Therapy 2020:14
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Figure 3 Effects of pinocembrin on hippocampus pathologic changes following cognitive impairment. (A) sham group, (B) 2VO group, (C) 2VO+pino-Igroup, (D) 2VO

+pino-3group, (E) 2VO+pino-10group. Magnification, X40. n = 3 per group.

Abbreviations: Pino, pinocembrin; 2VO, cognitive impairment induced by permanent ligation of bilateral common carotid artery.

presented by the OGD group, which was mitigated by pino-
cembrin administration (P < 0.05). Although the change
tendency of p-dabl level expression after OGD in SH-
SYS5Y was different from that in the hippocampus, the rever-
sing action of pinocembrin was similar (P <0.05, Figure 5C).

To further investigate the core role of Reelin on the
effect pinocembrin on VD, we tested the silencing effi-
ciency of Reelin siRNA in SH-SYS5Y. The results revealed
that Reelin siRNA reduced Reelin expression by 4695% in
the presence or absence of pinocembrin, respectively

3 5 82 submit your manuscript | www.dovepress.com
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Table | Effects of Pinocembrin on the Level of Reelin in Plasma,

the Cerebral Cortex, and the Hippocampus

Group Reelin

Blood Cerebral cortex Hippocampus

(ng/mL) (ng/100mg) (ng/100mg)
Sham 0.34+0.08 11.14£0.63 109.25+11.02
Model 0.11+£0.01* 8.13+£0.25* 45.17+£8.36*
Pino-1 0.21+0.03 8.55+1.74 58.27+9.66
Pino-3 0.29+0.02" 10.14£1.57" 82.54+11.73%
Pino-10 0.22+0.02 9.29+0.71 76.49+11.02

Notes: Results presented as means + SEM: The significant difference was examined by
a one-way ANOVA following Tukey'’s test: *Represents P < 0.05 compared with these in
sham group, “Represents P < 0.05 compared with these in model group, n = 6.

(Figure 5D). However, there was no significant difference
for the expression of apoER2 after blocking of the RELN
gene between groups, as shown in Figure SE (P > 0.05).
The phosphorylation of dabl occurred downstream of
Reelin signaling since, under Reelin RNA interference,
pinocembrin increased the phosphorylation of dabl com-
pared with the OGD group, as shown in Figure S5F
(P < 0.05). (Figure 5AF)

Discussion

Several studies have demonstrated that pinocembrin can
be used to treat diseases including stroke, Alzheimer’s
disease (AD) and VD.**** In this study, we hypothesized
that the mechanisms underlying the effect of pinocembrin
on VD may be associated with a decreased damage of
hippocampal neurons and up-regulation of the Reelin-
dablsignaling pathway. Our results demonstrated the fol-
lowing: (1) pinocembrin reduced impairment of memory
induced by 2VO through decreasing the escape latency
and extending the mean time spent in the target quadrant
in the MWM, without an increase in swimming speed; (2)
pinocembrin improved the impaired learning ability by
reducing the number of errors and decreasing the latency
to step down in the step down type passive avoidance test;
(3) pinocembrin reduced hippocampal neuronal damage,
as evaluated by morphological observations; (4) pinocem-
brin enhanced the expression of Reelin and apoER2 and
increased the phosphorylation of dabl in 2VO rats and
OGD SH-SY5Ycells; (5) pinocembrin had no effect on
OGD SH-SYS5Y cells, which mediated RELN gene silen-
cing. In the present study, pinocembrin was used at 1, 3,
and 10mg/kg doses in animal experiment. Taken together,
our findings suggest that pinocembrin enhances cognitive
impairment via the reduction of hippocampal neuronal

damage, and the mechanism of pinocembrin on improving
cognitive impairment is related to the Reelin-dabl signal-
ing pathway.

VD is a clinical syndrome of the acquired loss of
cognitive skills, which poses a great burden on older
individuals and their families. In contrast to ischemic
stroke caused by a sudden reduction of the blood flow to
the corresponding brain regions, VD is caused by
a gradual decrease in the cerebral blood flow, bringing
about memory impairment and progressing to dementia.
The 2VO rat model is a typical animal model to investi-
gate the cognitive impairments associated with VD.** The
hippocampal blood flow drops significantly after 2VO
surgery, with an obvious cognitive deficit occurring at 4
weeks.”> One of the main clinical features of VD is the
cognitive decline and the MWM is the most extensively
used behavior trial to evaluating memory and learning in
rodents.’® In the present study, 2VO rats showed
a cognitive impairment in the first stage of the MWM
test. In the second stage, pinocembrin-treated rats showed
decreased escape latency and spent significantly longer in
the target quadrant, without an improvement of the swim-
ming ability. The step down test is commonly used to
assess long-term memory in rodents and in the present
study, pinocembrin-treated rats showed less steps down
than 2VO rats. The hippocampus is a crucial brain region
in the central nervous system (CNS), which is responsible
for learning and memory. A previous review has provided
powerful evidence that damage to the hippocampus causes
learning and memory impairments.”” In the present study,
HE staining showed 2VO-associated degeneration of hip-
pocampal neurons, which was alleviated by pinocembrin.
This result was consistent with the results from the MWM
and the step down test.

The above results confirmed that treatment with pino-
cembrin alleviates cognitive impairment and relieves neu-
ronal damage. We strongly suggest a link between
cognition improvement and the Reelin-dabl signaling
pathway. The suggestions were proved by the following:
(1) pinocembrin exerts an inducing effect on the expres-
sion of Reelin and apoER2, up-regulating dabl in the
hippocampus and in SH-SY5Y; (2) silencing of the
RELN gene suppressed dabl phosphorylation.

Reelin is a large, secreted extracellular matrix glyco-
protein, and firstly detected from the developing brain
tissues. Reelin is secreted by the Cajal-Retzius neurons
in the marginal zone of developing cerebral cortex and
hippocampus into the circulation. It plays a key role in
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Figure 4 Protein expression of Reelin, apoER2, and p-dab| in the hippocampus after pinocembrin. (A) Western blots showing Reelin hippocampal expression in rats of the sham,
2VO, pino-1, pino-3, and pino-10 groups. (B) Western blots showing apoER2 expression in the hippocampus of rats in the sham, 2VO, pino-1, pino-3, and pino-10 groups. (C)
Western blots showed that the p-dab| expression in the hippocampus of rats in the sham, 2VO, pino-1, pino-3, and pino- 10 groups. Results presented as means * SEM. Significance
was determined by one-way ANOVA. *Represents P < 0.05 compared with these in sham group, “Represents P < 0.05 compared with 2VO group in (B). n =4.
Abbreviations: Pino, pinocembrin; dabl, disabled homolog |; p-dabl: phosphorylation-disabled homolog |; apoER2, the apolipoprotein E receptor 2; 2VO, cognitive
impairment induced by permanent ligation of bilateral common carotid artery; SEM, standard error of mean; ANOVA, analysis of variance.

learning and memory by the adult brain. The expression
and function of Reelin in the brain have been widely
studied. Furthermore, the expression of Reelin in other
tissues such as blood has also been analyzed. Telese et al
used global nuclear run-on sequencing to show that

Reelin-induced cortical neurons leaded to the rapid activa-
tion of a transcriptome involvement of learning and mem-
ory and illuminated that down-regulation expression in
schizophrenic patients could help to the development of
cognitive impairment of this disease.”® However, the
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Figure 5 The protein expression of Reelin, apoER2, and p-dab| in SH-SY5Y before and after the administration of Reelin siRNA. (A) Western blots showing expression of Reelin in
SH-SY5Y in the control, OGD, 3, 10 and 30pmol/L groups. (B) Western blots indicated apoER2 expression in SH-SY5Y in the control, OGD, 3, 10 and 30umol/L groups. (C) Western
blots showed that p-dabl expression in SH-SY5Y in the control, OGD, 3, 10 and 30 umol/L groups. (D) Western blots showing the expression of Reelin in SH-SY5Y in the control,
OGD, Reelin siRNA +OGD, pinocembrin (10umol/L) + OGD, pinocembrin (10pmol/L)+ Reelin siRNA +OGD. (E) Western blots showing the expression of apoER2 in SH-SY5Y in the
control, OGD, Reelin siRNA +OGD, pinocembrin (10pmol/L) + OGD, pinocembrin (10umol/L)+ Reelin siRNA +OGD. (F) Western blots showing expression of p-dab| in SH-SY5Y in
the control, OGD, Reelin siRNA +OGD, pinocembrin (10pmol/L) + OGD, pinocembrin (10umol/L)+ Reelin siRNA +OGD. Results presented as means + SEM. *Represents P < 0.05
compared with these in sham group, “Represents P < 0.05 vs model group, n = 4.

Abbreviations: Pino, pinocembrin; dabl, disabled homolog |; p-dabl: phosphorylation-disabled homolog |; apoER2, the apolipoprotein E receptor 2; SH-SY5Y, human
neuroblastoma cell line; OGD, oxygen and glucose deprivation; SEM, standard error of mean.

Drug Design, Development and Therapy 2020:14 submit your manuscript 3585

Dove


http://www.dovepress.com
http://www.dovepress.com

Kang et al

Dove

correlation of Reelin with VD has not yet been reported.
As shown in Table 1, in the present study, ELISA revealed
that Reelin level significantly decreased in the blood of
2VO rats. The level of Reelin increased with pinocembrin
administration. The results of hippocampus determined by
ELISA were consistent with those of Western blotting
(Figure 3A), indicating that the protein expression of
Reelin was stronger in pinocembrin-treated than saline-
treated rats.

The Reelin pathway was previously reported to exert
a key role in the adult brain by promoting learning and
memory,”~® which makes it a key candidate pathway for
VD investigation. A study’' by Wu et al showed that
Reelin-deficient mice exhibited increased stroke size, sug-
gesting that Reelin plays a neuroprotective role in cerebral
ischemia. Scholars have discovered that apoER2 plays
a role as a signal transducer factor in the signaling path-
way induced by Reelin through protein-to-protein interac-
tion based on Reelin’s motif identified by its dabl.
Therefore, revealing the molecular mechanism underlying
the effect of pinocembrin on learning and memory occurs
via the Reelin-dab1 signal pathway is very meaningful. As
shown by our results, pinocembrin can effectively promote
the expression of Reelin and the phosphorylation of dabl,
although the expression of apoER2 is not significantly
altered. It confirms Reelin’s core role in the Reelin-dabl
signal pathway. However, there are still some deficiencies
in this study. Vascular dementia and vascular cognitive
impairment caused by vascular dementia are senile dis-
cases, and age is a major risk factor for them.*
Many studies in gerontics have revealed that the response
to ischemia varies greatly with age, especially in terms of
cognitive endpoints.**** In our study, we established vas-
cular dementia models with 6-8-week old rats by bilateral
common carotid artery ligation, so the cognitive impair-
ment occurred for a short period of time, and the change of
cognitive impairment may be slightly different from the
physiological and pathological process of senile patients
with vascular dementia. Thus, in the future, the role of
Pinocembrin in ameliorating cognitive impairment
induced by vascular dementia is still needed to be furtherly
confirmed through modified methods of animal experi-
ments and clinical trials. All in all, using behavioral test-
ing, cell culture and RNA silencing, we uncovered that
pinocembrin administration ameliorate cognitive deficits
resulting from the bilateral carotid arteries occlusion, and
also uncovered that pinocembrin attenuated neuronal
damage was related to Reelin-dabl signaling pathway.

Reelin is very important for memory, so we come to the
conclusion that Reelin is likely beneficial for memory.

Conclusion

All in all, using behavioral testing, cell culture and RNA
silencing, we uncovered that pinocembrin administration
ameliorate cognitive deficits resulting from the bilateral
carotid arteries occlusion, and we also uncovered that
pinocembrin attenuated neuronal damage was related to
Reelin-dabl signaling pathway. Reelin is very important
for memory, so we come to the conclusion that Reelin is
likely beneficial for memory.
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