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Abstract. — OBJECTIVE: L-3-n-butylphtha-
lide (L-NBP) is a type of anti-ischemic crani-
al nerve protective drug that may act on vas-
cular dementia (VD). Phosphatidylinositol-3 ki-
nase (PI3K)/protein kinase B (AKT/PKB) signal-
ing pathway can up-regulate B-cell lymphoma 2
(Bcl-2) expression, reduce reactive oxygen,spe-
cies (ROS) production, and alleviate cell
sis. This study aimed at investigating the
L-NBP on neurological function and cell @
tosis in VD mouse through regulating PI3K
signaling pathway.

MATERIALS AND METHOD
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ntervened by I/R. LY294002 apparently
attenuated the protective effect of L-NBP on
HT22 cells.
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Introduction

Vascular dementia (VD) is a kind of brain cir-
culation dysfunction and brain damage syndrome
because of cerebrovascular factors, resulting in
learning and memory impairment, accompanied
by language, visual space, directional force, ab-
stract thinking, and personality disorder. VD is
the second largest dementia encephalopathy after
Alzheimer’s disease (AD)"?. In recent years, VD
shows rising and younger trend, leading to severe
impact on quality of life, health, and huge burden
to society and family*>.

L-3-n-butylphthalide (L-NBP) is a type of
anti-ischemic cranial nerve protective drug
commonly used in clinic®’. It plays its effect
through increasing the blood supply, improving
microcirculation in ischemia area, alleviating
cerebral edema, perfecting energy metabolism,
protecting mitochondrial function, inhibiting
glutamate release, preventing platelet accumu-
lation and thrombosis®*’. Phosphatidylinositol-3
kinase (PI3K) is an important member of growth
factor receptor superfamily that can be activat-
ed by the stimulus of cytokines and mitogen.
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It participates in the regulation of cell prolif-
eration, cell cycle, and apoptosis by activating
downstream protein kinase B (PKB/AKT)" !
PI3K/AKT signaling pathway is a classical path-
way in antagonizing apoptosis and promoting
survival that exists in various tissues and cells.
Scholars'*!* revealed that PI3K/AKT signaling
pathway plays an important regulatory role in
up-regulating B-cell lymphoma-2 (Bcl-2) ex-
pression, alleviating cell injury after ischemia
and hypoxia, antagonizing apoptosis, and facil-
itating cell survival. However, it is still unclear
about the role of L-NBP on VD mouse model
and related mechanism. This study established
VD mouse model and observed the impact of
L-NBP on neurological function, cell apoptosis,
and PI3K/AKT signaling pathway to evaluate
the potential mechanism.

Materials and Methods

Main Reagents and Materials

Male C57BL/6 mice at 8 weeks old and
weighted 22-25 g were purchased fromghdic-
tor River (Beijing, China). Dulbecco’s@
ified Eagle Medium (DMEM), fetal b
serum (FBS), and trypsin were purch
from Gibco BRL. Co. Ltd. (Grand Isla
NY, USA). Dispase was deriya

anti-mouse Bcl-2 antibod

(p-AKT), B-actin,
(HRP) conjugat
provided by
bridge, MA,
assay (R
ridine

peroxidase
hodies were

ediated deoxyu-
end labeling
it, and Annex-
provided by Beyotime (Hai-
robe was purchased
. Louis, MO, USA).
euron HT22 cells were

. PI3K/AKT specific inhibi-
was synthesized by MedChem-
vionmouth Junction, NJ, USA).
Mice were used for all the experiments, and
ocedures were approved by the Animal Eth-
ymmittee of The Affiliated Longyan First
Hospital of Fujian Medical University (Fujian,
China).
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VD Mouse Model Establishment
The mice were raised at free eating and drink-
ing, 12 h day/night cycle, temperature 22

abdominal injection and fixed o
Then, the neck skin was disi
sion was made on neck mi
and connective tissue
bilateral common car
vagus nerve was pr
small incision w

the middle
was fixed

by Zea Longa scoring. Score
without neurologic deficits;
t forepaw cannot be fully ex-
ended; score 2, turn left during walking; score
ping during walking; score 4, loss of
Onsciousness without spontaneous walking. The
mice in score 1-3 were considered as successful
modeling. The mice in score 0 and 4 were exclud-
ed from the experiment. A total of 30 mice were
successfully established as VD model.

On the 21* day after modeling, the mice were
killed and the hippocampus tissue was collected.
The sample was embedded by paraffin, used for
protein extraction, and digested for reactive oxy-
gen species (ROS) content detection.

Experimental Animal Grouping
and Intervention

The VD mice were randomly equally divided
into three groups, including single VD group
with normal feeding without other treatment af-
ter modeling, solvent group with corn oil gavage
after modeling at 15 mg/kg/d for 20 days, and
L-NBP group with L-NBP gavage after modeling
at 15 mg/kg/d for 20 days.

Morris Water Maze Test

On the 21* day after modeling, the mice re-
ceived Morris water maze test. Morris water
maze device is a cylindrical tank at diameter
120 cm and height 50 cm. The tank was divided
into four quadrants on the bottom. A transparent
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organic glass cylindrical platform at diameter 12
cm and height 30 cm was put at the centre of a
quadrant. The video camera was used to record
the movement locus and search the incubation
period of the platform. The water was added to
the tank and stained by ink for non-transpar-
ent. The water surface was about 2 cm over the
platform surface and the water temperature was
maintained at 25°C. The mice swam for 2 min
on the day before the experiment to adapt to the
environment. The mouse was trained for 4 times
each day from the first day. The roadmap and
time needed for the mouse to search and climb
up to the platform were recorded. The mouse was
guided to the platform once it cannot find the
platform within 120 s. The time interval between
each time of training was 60 s. The experiment
was repeated after 24 h to reflect the memory
retention.

TUNEL Assay

The hippocampus tissue slice was dewaxed by
xylene for 5-10 min, absolute ethyl alcohol for 5
min, 90% ethyl alcohol for 2 min, 70% ethyl alco-
hol for 2 min, and distilled water for 2 min. Zake
the slice was added with 20 pg/ml prot
without DNase and incubated at 37°C for 2(§
Next, the slice was treated by 50 ul TUNEIN
tection liquid composed of 5 ul TdT enzyme §
45 wl ﬂuorescence liquid at 37¢

observed under the mic
apoptotic cell ratio.

Hippocampal
Ischemia-Re

in low glucose
¢ ischemia con-
ined at 5% , and 95% N, to
bic environment in vivo. After
ed to routine medium

group treated by I/R; L-NBP
adLby [/R after 12 h pre-treatment of

LY294002. The cells were collected for protein,
apoptosis, and ROS content detection.

Cell Apoptosis Detection

The cells were re-suspended in 500 pl binding
buffer and incubated in 5 pl Annexin V-FITC
avoid of light for 15 min. Next, the
added with 5 pl propidium iodide (P

uate cell apoptosis.

ROS Content Detectio

rophoresis (SDS-PAGE) and
inylidene difluoride (PVDF)
the membrane was blocked
in primary antibody at 4°C
aernight (AKT, p-AKT, Bcl-2, and B-actin at
000, 1:2000, and 1:10000, respective-
, the membrane was 1ncubated in HRP
labeled secondary antibody (1:30000) for 60 min
after washed by PBST for three times. At last,
the protein expression was detected by enhanced
chemiluminescence (ECL).

Statistical Analysis

All data analyses were performed on SPSS
18.0 software (SPSS, Inc., Chicago, IL, USA).
The measurement data were depicted as mean
+ standard deviation (SD). The Student’s r-test
was used to compare the differences between
two groups. Tukey’s post-hoc test was used to
validate the ANOVA for comparing measurement
data among the groups. p < 0.05 was considered
statistically significant.

Results

Mouse Learning and Memory Functions
Deteriorated in VD Model

The mice in sham group exhibited good mental
state, normal activity, food, and drink, and rapid
movement. The mice in VD model group present-
ed lack of mental state, lethargy, drowsiness, de-
creased activity, feeding, and drinking, accompa-
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Table I. Mouse learning and memory functions comparison.

Learning ability Memory ability
Group Cases | Escape latent time (s)  Mistake times Platform stay time (s) Swimming spg
Sham 10 46.3+ 3.9 142+1.3 346+29
VD 10 87.6 £ 5.8* 37.2+£2.9% 18.2 £ 1.4*
VD + solvent 10 89.2 + 6.1* 36.9+2.7% 17.3 £ 1.5%
VD + L-NBP 10 73.3 £5.5% 22.2+ 1.8% 28.3 £2.3%

*p < 0.05, compared with Sham group, #p < 0.05, compared with VD + solvent.

nied by weight loss, irritability, excitement, and
ataxia symptoms. Compared with sham group,
the escape latent time significantly prolonged and
mistake times evidently increased, while plat-
form stay time and swimming speed markedly
reduced in VD model group (p < 0.05). L-NBP
gavage apparently improved mouse learning and
memory functions, resulting in the decrease of
escape latent time and mistake times, and elevat-
ed platform stay time and swimming speed (p <
0.05). The corn oil gavage presented no statlstlcal
impact on mouse learning and memory fun
(Table I).

L-NBP Reduced Hippocampal Cell
Apoptosis Through Up-ReguIatlng
PI3BK/AKT Signaling Pathwg
and Bcl-2 Expression

Flow cytometry detectig
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Sham VD

nt influence on cell
group (Figure 1B).
ion demonstrated that p-AKT
significanly down-regulated
ue in VD group than that in
L-NBP gavage markedly en-
nd Bcl-2 protein levels. Solvent
age did not impact p-AKT and Bcl-2 protein
in hippocampus tissue (Figure 1C).

I/R Treatment Induced Hippocampal
Neuron Apoptosis and Downregulat-
ed PIBK/AKT Signaling Pathway Activity
and Bcl-2 Expression

Flow cytometry demonstrated that ROS con-
tent significantly increased and cell apoptosis
enhanced in HT22 cells treated by I/R (Figure 2A
and B). Western blot showed that p-AKT and Bcl-

VD+solvent VD+-NBP VD

VD VD
+solvent +L-NBP
(&)

Figu®€ 1. L-NBP reduced hippocampal cell apoptosis through upregulating PI3K/AKT signaling pathway activity and Bcl-
2 expression. A, Flow cytometry detection of ROS content. B, TUNEL assay detection of cell apoptosis. C, Western blot
detection of protein expression. *p < 0.05, compared with Sham group, *p < 0.05, compared with VD + solvent.
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2 protein contents significantly reduced in HT22
cells treated by I/R (Figure 2C).

L-NBP Antagonized TH22 Cell Apoptosis
Induced by I/R Through Enhancing
PI3K/AKT Signaling Pathway

Flow cytometry presented that L-NBP pre-
treatment markedly declined ROS production
and cell apoptosis in HT22 cells induced by
I/R, while the solvent control failed to show the
statistical impact (Figure 3A, B). The LY294002
intervention significantly increased ROS con-
tent and cell apoptosis in HT22 cells compared
with L-NBP pretreatment group (Figure 3A,
B). Western blot showed that L-NBP pretreat-
ment significantly up-regulated p-AKT and Bcl-
2 protein contents in HT22 cells induced by
I/R, whereas LY294002 intervention markedly
alleviated the influence of L-NBP on p-AKT and
Bcl-2 expressions (Figure 3C).

Discussion

The major pathogenesis of VD is a cerebig
cular lesion, of which ischemic cerebrov!
disease accounts for the leading morbidity
present, the incidence of VD is about 2-7%,
it is up to 6-12% in the population older t
70. There are more than 18 mi

million till 2020¢.
L-NBP is a yellow oil

P shows the'strongest
BP exhibits an an-

anial nerve pro-
only used in clinic, L-NBP
ith independent intel-
China'®. L-NBP plays

CMa, improving energy metabolism
ducmg cell apoptosis, promoting cell survival,
casing intracellular calcium concentration,
Wting mitochondrial function, inhibiting
oxygen free radical generation, elevating anti-
oxidant enzyme activity, suppressing glutamate

release, and preventing platelet aggregation and
thrombosis®’

PI3K/AKT signaling pathway w1de1y exis
multiple tissues and cells. Under the s
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Figure 2. I/R treatment induced hippocampal neuron
apoptosis and downregulated PI3K/AKT signaling pathway
activity and Bcl-2 expression. A, Flow cytometry detection
of ROS content. B, Flow cytometry detection of cell
apoptosis. C, Western blot detection of protein expression.
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bs a key target gene of PI3K/AKT signaling
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d by I/R through enhancing PI3K/AKT signaling pathway. A,
detection of ROS content. C, Western blot detection of protein
mpared with VD + solvent.

Currently, the role of L-NBP on VD mouse model
and related mechanism is still unclear. This study
established VD mouse model and observed the
impact of L-NBP on neurological function, cell
apoptosis, and PI3K/AKT signaling pathway to
evaluate the potential mechanism.

This investigation showed that compared with
sham group, the escape latent time significantly
prolonged and mistake times markedly increased,
while platform stay time and swimming speed
markedly reduced in VD model group. L-NBP
gavage apparently improved mouse learning and
memory functions, resulting in the decrease of
escape latent time and mistake times, and ele-
vated platform stay time and swimming speed.
It suggested that L-NBP markedly improved
the neurologic function of VD mouse and en-
hanced learning and memory abilities. Xiang et
al'® reported that L-NBP treatment significantly
improved the learning and cognitive function of
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APP/PSI dual-transgenic dementia mouse. Yang
et al* revealed that L-NBP gavage remarkably
improved the neurological function of cerebral
ischemia mouse. This study also observed the
improvement effect of L-NBP on the neuro-
logical function of dementia mouse, which was
similar with Xiang et al'® and Yang et al®. Cere-
bral ischemia can induce cerebral infarction or
selectively cerebral neuron death. It may cause
VD when the ischemia appeared in the region
related to learning and memory. Hippocampus
is the key for learning and memory, and is also
sensitive to ischemia and anoxia. Therefore, this
study investigated the impact of L-NBP on the
hippocampus of the mouse model. It exhibited
that L-NBP gavage significantly alleviated ROS
production, reduced hippocampal cell apoptosis,
and up-regulated p-AKT and Bcl-2 expressions
in VD mouse. Yang et al* presented that L-NBP
gavage significantly down-regulated cleaved
caspase-3 and Bcl-2 associated X protein (Bax)
expressions, promoted neuron regeneration, and
improved neurological function in the cerebral
ischemic rat. Xiang et al'® found that L-NBP
treatment markedly enhanced PI3K/AKT g4

cognitive and memory functions in AP
dual-transgenic dementia mouse. Huai e

VD mouse. We observed
way attenuation and Bcl
a regulatory role in hj

expres-
e with the reports
d Huai et al*.
nt significantly
apoptosis and ROS produc-
nd Bcl-2 expressions.
edly enhanced PI3K/
and Bcl-2 expression,
osis, and antagonized ROS
combined PI3K/AKT specif-
94002 significantly down-regu-
and Bcl-2 expressions and attenuat-
d the apoptosis protective and anti-oxidative ef-
on hippocampal neuron cells. It suggested
NBP plays apoptosis protective and an-
ti-oxidative effects on hippocampal neuron cells
through affecting PI3K/AKT pathway activity

and Bcl-2 expression. Lei et al** demonstrated
that L-NBP protected nerve cell apoptosis and
injury induced by Alzheimer’s disease pathog

expression, which was in accorda
results. Peng et al’ also reported tj

and Huai et al** showed
neurological function an
signaling pathway in
showed that L-NBP
way activity and

| proliferation, survival, and apoptosis, and
related to Alzggimer’s disease and VD. How-
may protect neuron through
PK signaling pathway still

Conclusions

We found that PI3K/AKT signaling pathway
down-regulation plays a role in neuron cell apop-
tosis and VD pathogenesis. L-NBP protects VD
by up-regulating PI3K/AKT signaling pathway,
elevating Bcl-2 expression, reducing nerve cell
apoptosis, and restraining ROS production.
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