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Ginkgo biloba extract 50 dropping pills improve vascular cognitive
impairment through anti-oxidative and anti-inflammatory effects
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Abstract. The aim of the present study was to investigate the
improvement effect of Ginkgo biloba extract 50 dropping pill
(GBES50DP) on vascular cognitive impairment (VCI) induced
by cerebral ischemia and its mechanism. The VCI rat model
was established by 2-vessel occlusion and randomly divided
into the control, model, positive and GBESODP administration
groups. The administration groups were then administered
GBESODP intragastrically for 8 weeks. The social behavior
and ability of learning and memory of each group were
tested through the Morris water maze and eight-arm maze
experiment. The content of oxidative stress and inflammatory
factors in the hippocampus of rats were detected using ELISA.
Hematoxylin & eosin staining and Terminal-deoxynucleotidyl
transferase mediated nick end labeling staining were used
to observe the morphological changes of nerve cells in the
hippocampal CALl region of rats. The expression of Caspase-3,
Bcl-2, Bax, cytochrome ¢ (Cyto-C), fibroblast-associated
antigen (Fas) and poly(ADP-ribose) polymerase-1 (PARP-1)
proteins in the hippocampal CAl region of rats was detected
by immunohistochemistry and western blot analysis. The
blood components of GBESODP were analyzed using liquid
chromatography-tandem mass spectrometry. The model rats
showed significant cognitive impairment; compared with the
model group, in the GBESODP administration groups, the
social behavior of rats was markedly improved; the content
of superoxide dismutase, glutathione peroxidase and catalase
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in the hippocampus was markedly increased and that of
malondialdehyde, IL-1f, IL-6 and TNF-a was significantly
decreased. The pathological changes and expression of
Cyto-C, Bax, Bcl-2, Caspase-3, Fas and PARP-1 proteins in
brain tissue were markedly improved. The index components
of GBE5S0DP in blood included ginkgolide A, B, C and K and
bilobalide, as well as flavonoids such as rutin and quercetin. In
conclusion, GBES0DP improved the social behavior, ability of
learning and memory in VCl rats, decreased nerve cell damage
and protected nerve cells from apoptosis by reducing oxida-
tive stress and inflammation, thereby improving cognitive
dysfunction.

Introduction

Vascular cognitive impairment (VCI) is a symptom of cogni-
tive impairment caused by a variety of cerebrovascular diseases
(such as cerebral infarction, cerebral hemorrhage) or vascular
risk factors (such as age, heredity, hypertension, hyperlip-
idemia, diabetes, smoking, alcoholism, obesity and lack of
exercise) (1). It can occur alone or is often in conjunction with
neurodegenerative diseases, such as Alzheimer's disease (2).
Its etiology is complex and diverse and includes brain neuro-
degenerative diseases, cerebral ischemic and hemorrhagic
lesions (3,4), mainly manifested as memory decline, thinking
and language disorders and negative emotions (encompassing
anxiety, irritability, apathy and depressive mood) (5). The
pathogenesis of VCI is ladder-like and may eventually develop
into dementia without timely intervention and which, once
formed, will be difficult to cure (6,7). The incidence of VCI is
increasing year by year (8,9), resulting in a heavy burden on the
family and society, which has attracted increasing attention.
Ginkgo biloba extract 50 (GBES50) is an extract of
Ginkgo biloba leaf that is homologous to both food and
medicine, in which the mass fraction of ginkgolic acid is
<5 mg/kg, that of flavonol glycosides is >24%, that of terpene
lactones is >10% and that of flavonoids is >44% (10,11). The
Ginkgo biloba preparation has been proved to have a positive
effect on relieving ischemic stroke (12) and improves VCI, but
its mechanism of action is not completely clear yet. Compared
with the traditional Ginkgo biloba leaf extract (13), GBES0 has
more effective ingredients, rapider effect, fewer potential aller-
genic components and higher safety (14). The GBE50 dropping
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pill (GBES0DP) has the therapeutic effect of activating blood
circulation, removing blood stasis and clearing collaterals (15).
In the present study, the intervention experiment of GBES0DP
on VCI rats was conducted to further understand the efficacy
and mechanism of GBESODP in improving VCI.

Materials and methods

Reagents. GBESODP was provided by Zhejiang Shangyao
Jiuxu Pharmaceutical Co., Ltd. Donepezil hydrochloride
tablets were provided by Chongging Zein Biotechnology Co.,
Ltd. Pentobarbital sodium was purchased from Merck KGaA.
Superoxide dismutase (SOD), malondialdehyde (MDA), gluta-
thione peroxidase (GSH-Px), catalase (CAT), IL-1§, IL-6 and
TNF-a kits were provided by Jiangsu Jingmei Biotechnology
Co., Ltd. Terminal-deoxynucleotidyl transferase mediated nick
end labeling (TUNEL) kit was provided by Roche Diagnostics
GmbH. Rabbit two-step immunohistochemical kit (PV-6001)
and 3,3'-diaminobenzidine (DAB) were provided by Beijing
Zhongshan Jinqiao Biotechnology Co., Ltd. Caspase-3,
Bcl-2, Bax, cytochrome ¢ (Cyto-C), PARP-1, 3-actin mono-
clonal antibody, HRP-labeled anti-rat and HRP-labeled
anti-rabbit secondary antibody were provided by Beijing
Bioss Biotechnology Co., Ltd. Fas monoclonal antibody was
provided by Thermo Fisher Scientific, Inc. PVDF membrane
was acquired from Beijing Biotopped Technology Co., Ltd.
Enhanced chemiluminescence (ECL) reagent was purchased
from Dalian Meilun Biotechnology Co., Ltd. Tissue lysate and
SDS-PAGE kits were provided by Beyotime Biotechnology.
A Bradford protein quantification kit was provided by Beijing
Lanjieke Technology Co., Ltd. MS-grade formic acid and
acetonitrile were acquired from Thermo Fisher Scientific, Inc.
All other chemical reagents used were of analytical grade.

Devices. Open field box (100x100x40 cm), Morris water
maze (diameter 150 cm, height 50 cm) and eight-arm maze
(radial arm 29x6x15 cm) were provided by Anhui Zhenghua
Biologic Apparatus Facilities Co., Ltd. Centrifuges (5810R and
5424R) were acquired from Eppendorf SE, a microplate reader
(RT-6000) from Rayto Life and Analytical Sciences Co., Ltd.,
a homogenizer (FA25) from Fluko Shanghai Equipment Co.,
Ltd., an embedding machine (BM-VII) from Xiaogan Hongye
Medical Instrument Co., Ltd., a microtome (CM3050s) from
Leica Microsystems GmbH, an optical microscope (BX-53)
from Olympus Corporation, a fluorescence microscope
(DM4000B) from Leica Microsystems GmbH and a gel
imaging system (C300) from Azure Biosystems.

VCI rat model establishment and drug administration. A total
of 120 male Wistar rats (weighing 300-340 g; 9-11 weeks)
were supplied by the Changchun Yisi Experimental Animal
Technology Co., Ltd. [license no., SCXK(Ji)-2023-0002],
housed in a temperature- and humidity-controlled environ-
ment (25°C and 60%) and given free access to water and a
standard diet.

After 1 week of adaptation, the rats were randomly
divided into the control, model, positive (donepezil
0.45 mg/kg) and GBES0DP low-, medium- and high-dose
groups (50, 100 and 200 mg/kg, respectively), with 20 rats in
each group. Anesthesia was administered by intraperitoneal

injection of 40 mg/kg sodium pentobarbital. An incision
was then made at the midline position in the neck, and the
bilateral common carotid arteries were isolated and exposed.
The control group was exposed without ligation, while the
other groups were permanently ligated (16,17) and sutured.
The drugs were prepared into suspension with 0.5% sodium
carboxymethyl cellulose aqueous solution for intragastric
administration once a day for 8 weeks, while the control and
model group were given the same volume of pure water.

Social behavior test. The experiment was carried out in a dark
and quiet environment within the open field box. The rats were
placed individually in the box for 5 min twice a day for 2 days,
for the adaptive training. At 1 h before the experiment, the
tested rat was isolated in a single cage to stimulate its social
behavior. The test was performed for 5 min, and the number
and duration of contacts were recorded.

Morris water maze test (18). The inner wall of the Morris
water maze was made black, and four quadrants were distin-
guished by different markers. A platform was placed in the
center of one of the quadrants, 2 cm below the water level,
and the water temperature was controlled at 23.0+2.0°C.
Adaptive training: 1 Day before the experiment, the rats were
adapted to the environment in a non-platform pool and swam
freely for 1.5 min. Positioning navigation experiment: The
rats facing the pool wall were randomly placed in one of the
three quadrants without the platform. The time frame from
their entering the water to boarding the platform (the escape
latency) was recorded. The time frame was recorded as
1.5 min if the platform was not found within 1.5 min, and the
rats were then guided to the platform and stayed for 10 sec
so that they could perform spatial learning and memory
according to the markers. The experiments were performed
twice a day, in intervals of 4 h, for 5 days total. The 6th day
was set as the test period. Space exploration experiment: The
platform was removed on the 6th day, and the residence time
of the rats in the target quadrant and the number of times
they crossed the original platform location within 1.5 min
were recorded.

Eight-arm maze test. The experiment was carried out in a
quiet and odorless environment. There was a removable door
at the entrance of each arm, and the arms 1, 2, 6 and 7 were set
as the food arms. There were 4 adaption tests before the test,
10 min for each per day. On the first day, the bait was placed in
the central area; on the second day, it was placed in the central
area and the entrance of each arm; on the third day, it was
placed on the top of each arm; from the first day to the third
day, three rats were placed in the maze at the same time for
exploration; on the fourth day, the bait was placed only at the
top of the food arm, was placed in the maze individually for
exploration. The rats were then trained for 5 days and fasted
for 24 h before the training, with no restriction on drinking
water. During the training, only bait was placed in the food
arms. After the rats were placed in the central area for 15 sec,
the doors of each arm were opened, and the foraging of all
arms was free for 10 min or completed in advance. Restricted
feed was given after each adaptation and training. The times
that the rats repeatedly entered the food arm that had been
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visited (the working memory errors) and the times that the rats
entered the food-free arm (the reference memory errors) were
recorded.

Sample collection and processing. After the rats were anesthe-
tized with 3% sodium pentobarbital (40 mg/kg, i.p.), they were
fixed in the supine position, and the chest cavity was quickly
opened to expose the heart. The perfusion needle was inserted
into the aorta through the apex of the left ventricle, and the
right atrial appendage was cut open simultaneously. First, 4°C
pre-cooled normal saline (~150 ml) was rapidly perfused until
the effluent was clear and the liver turned white; then, 4°C
pre-cooled 4% paraformaldehyde (~200 ml) was perfused for
fixation. When the muscles of the rat's limbs and tail became
stiff, the rats were immediately decapitated to obtain the brain.
The hippocampal tissues were quickly separated on ice and
placed in 4% paraformaldehyde for fixation (the volume ratio
of fixative solution to tissue was >10:1), fixed at 4°C for >24 h
for subsequent experiments.

After the rats were anesthetized with 3% sodium pento-
barbital (40 mg/kg, i.p.), ~1.0 ml of blood was collected from
the orbital venous plexus and placed in a heparin sodium
anticoagulant tube. After confirming that the rats were in a
deep state of anesthesia (with disappearance of the toe clonus
reflex), the rats were immediately decapitated to obtain the
brain, which was quickly separated into hippocampal tissue
on ice, placed in a pre-frozen storage tube, rapidly frozen in
liquid nitrogen, and then transferred to -80°C for storage. The
blood samples were centrifuged at 13,523 x g for 10 min at
4°C to separate the supernatant, which was obtained as the
drug-containing plasma. The plasma was frozen at -80°C for
storage. The animal experiment in this study was approved
by the Harbin University of Commerce Ethics Committees
(approval no. HSDY XY-2023035).

ELISA. The white transparent ‘herringbone’ hippocampus
was collected from the rat brain and quickly transferred to
the ice. The tissue was homogenized with pre-cooled PBS at
a low temperature until it was completely broken. Following
centrifugation at 4°C, 1,157 x g for 20 min, the supernatant
was collected. The contents of SOD (cat. no. JM-01793R1),
MDA (cat. no. JM-10323R1), GSH-Px (cat. no. JM-02173R1),
CAT (cat. no. IM-10334R1), IL-1p (cat. no. IM-01454R1), IL-6
(cat. no. JIM-01597R1) and TNF-a (cat. no. JIM-01587R1) were
detected by ELISA kits (Jiangsu Jingmei Biotechnology Co.,
Ltd.) using the microplate reader.

Histopathological observation

Hematoxylin and eosin (H&E) assay. The tissues were fixed
using 4% paraformaldehyde (4°C for >24 h), dehydrated
through a graded ethanol series (60% for 4 h, 80% for 4 h,
90% for 4 h, 95% for 4 h twice and 100% for 2 h twice), cleared
in xylene (5 min twice), embedded in paraffin (soft wax at
52-54°C for 30 min, twice; hard wax at 54-56°C for 30 min,
twice), sectioned at a thickness of 4.5 ym, dewaxed by xylene
and stained by H&E (19), dehydrated by gradient ethanol and
sealed. The damage of nerve tissue in the CAl region of the
hippocampus was observed by optical microscopy (BX-53;
Olympus Corporation). For each sample, three random fields
of view were captured from this region.
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TUNEL assay. Following the TUNEL kit instructions (20),
the slices were dewaxed with xylene and rehydrated through
a graded ethanol series. The working solution of protease K
was added and incubated at 37°C for 20 min. The slices were
rinsed with PBS, TUNEL reaction solution was added and it
was incubated in the dark for 60 min at 37°C. The sections
were rinsed with PBS and sealed with an anti-fluorescence
quencher. Apoptosis was observed and calculated using a
fluorescence microscope (DM4000B; Leica Microsystems
GmbH). The apoptosis rate was calculated as: (number of
TUNEL-positive cells/total number of cells) x100.

Immunohistochemical method (21). The tissues were fixed
with 4% paraformaldehyde, dehydrated, embedded in paraffin
and then sectioned (4-ym thickness), repaired with antigen
(0.01 M citrate buffer, pH 6.0, boiling water bath for 15 min).
Endogenous peroxidase was eliminated with 3% H,O,
(reagent 1 of PV-6001 kit; Zhongshan Jingiao Biotechnology)
at room temperature for 10 min, followed by three washes with
PBS (3 min each). Sections were incubated with the primary
antibody (Caspase-3, bsm-61071R, dilution 1:200; Bcl-2,
bs-0032R, dilution 1:200; Bax, bsm-52316R, dilution 1:200;
Cyto-C, bsm-52050R, dilution 1:200; PARP-1, bsm-52408R,
dilution 1:200; (-actin, bsm-63325R, dilution 1:1,000; Bioss
Biotechnology; Fas, MA5-35308, dilution 1:200; Thermo
Fisher Scientific, Inc.) overnight at 4°C, and then incubated
with the secondary antibody (HRP-conjugated goat anti-rabbit
IgG; reagent 2 of PV-6001 kit) at 37°C for 20 min. The slices
were stained with DAB (Zhongshan Jingiao Biotechnology) for
5 min at room temperature, counterstained with hematoxylin
(room temperature, 20 sec), differentiated with hydrochloric
acid alcohol, dehydrated with gradient ethanol, returned
to blue with tap water and sealed with neutral gum. Images
were captured using an optical microscopy (BX-53; Olympus
Corporation). The visual field was randomly selected, and the
average optical density in each visual field was measured using
Imagel] software (version 1.53a; National Institutes of Health).

Western blotting (22). Hippocampal tissue was collected, cut
and ground in liquid nitrogen. Lysis solution (RIPA lysis buffer;
Beyotime Biotechnology) was added to the tissue overnight at
4°C. Following centrifugation at 4°C, 13,523 x g for 10 min,
the supernatant was collected and stored at -80°C. The protein
content was determined and quantified (Bradford protein
quantification kit, Lanjieke Technology). The sample was
mixed with the loading buffer and denatured at 95°C for 10 min
(30 pg/lane). Gel electrophoresis was performed (SDS-PAGE
kit; Beyotime Biotechnology) at a voltage of 50 V. The protein
bands were transferred to the PVDF membrane, sealed with
5% skimmed milk powder for 1 h (room temperature), then
incubated with a primary antibody (Caspase-3, bsm-61071R,
dilution 1:1,000; Bcl-2, bs-0032R, dilution 1:1,000; Bax,
bsm-52316R, dilution 1:1,000; Cyto-C, bsm-33193M, dilu-
tion 1:2,000; PARP-1, bsm-52408R, dilution 1:500; @-actin,
bsm-63325R, dilution 1:50,000; Bioss Biotechnology; Fas,
MAS5-35308, dilution 1:1,000; Thermo Fisher Scientific, Inc.)
at 4°C overnight, and incubated with HRP-labeled secondary
antibody (HRP-conjugated goat anti-rat, bs-0293G-HRP, dilu-
tion 1:5,000; HRP-conjugated goat anti-rabbit, bs-0295G-HRP,
dilution 1:5,000; Bioss Biotechnology) at 37°C for 1 h. The
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membranes were exposed with ECL (ECL reagent; Meilun
Biotechnology) and then images captured and analyzed using
a gel imaging system (C300; Azure Biosystems).

Liquid chromatography-tandem mass spectrometry
(LC-MS/MS) assay. After 8 weeks of intragastric administra-
tion of GBESODP, the orbital blood was collected, and the
samples were processed. A total of 200 ul plasma was taken,
and 400 pl pre-cooled acetonitrile was added, vortexed and
mixed for 5 min, centrifuged at 9,391 x g for 10 min at 4°C,
and the supernatant was filtered using a 0.45 ym microporous
membrane for injection analysis. The chemical components of
GBESODP were analyzed respectively in positive and nega-
tive ion modes by LC-MS/MS technology, and the chemical
components of blank plasma and drug-containing plasma were
compared.

The high-performance liquid chromatography (HPLC)
analysis was conducted on an e2695 system (Waters
Corporation) with an HSS T3 column (2.1x100 mm, 1.7 ym,
Waters Corporation). The mobile phase consisted of 0.1%
formic acid-water and 0.1% formic acid-acetonitrile with a flow
rate of 0.3 ml/min according to the gradient elution program:
5-20% B (0-3 min), 20-100% B (3-15 min). The temperature
of the column was 30°C. The injection volume was set at 5 pl.

Mass spectrometry (MS) detection was performed on a
Triple TOF 5600 system (Shanghai AB SCIEX Analytical
Instrument Trading Co.) equipped with an electrospray ioniza-
tion. MS data acquisition was achieved by the positive and
negative ion modes,and the ion source voltages were 5.5 and -4.5
kV, respectively. The ion source temperature was 550°C. The
declustering potential was 40/-40 V, and the collision energy
to 20/-20 V. Nitrogen was used as an atomizer and auxiliary
gas. The sprayer gas (Gas 1) and heater gas (Gas 2) were both
55 psi, and the curtain gas was 35 psi. Information-dependent
acquisition set eight peaks with response values exceeding 100
cps for secondary mass spectrometry scanning. Time-of-flight
MS and tandem MS (MS/MS) were scanned within the mass
range of m/z 80-1,600 Da.

Statistical analysis. SPSS 22.0 statistical software (IBM
Corp.) was used for statistical analysis. Data are expressed as
the mean =+ standard deviation. One-way analysis of variance
followed by Tukey's post hoc test was used for difference
analysis between groups if the data conformed to normal
distribution. The rank sum test was used for difference analysis
between groups if the data did not conform to normal distribu-
tion. P<0.05 was considered to indicate statistical significance.
Graphs were prepared using GraphPad Prism 6.0 software
(Dotmatics).

Results

Results of social behavior test. As shown in Table I, the number
of contacts in the model group rats was (8+8) times and the
contact duration was 67.21+45.61 sec, both significantly lower
than those in the control group (16+4 times, 151.57+30.59 sec;
P<0.001). Compared with the model group, the number of
contacts (12+6) times and contact duration (111.61+48.75)
sec in the GBES0DP high-dose group rats were significantly
increased (P<0.05).

Table I. Effects of GBES0DP on the number and duration of
contacts (n=12).

Number of Duration of
Group contacts contacts (sec)
Control 164 151.57+30.59
Model 8+8° 67.21+45.61°
Donepezil 13+6° 130.42+49.31°
GBESODP-L 12+2°¢ 106.50+45.34¢
GBES0DP-M 12+5¢ 96.26+32.84
GBESODP-H 12+6° 111.61+48.75¢

“P<0.001 vs. Control group; "P<0.01 and P<0.05 vs. Model group.
GBESODP, Ginkgo biloba extract 50 dropping pill; -L, low dose
group; -M, medium dose group; -H, high dose group.

Table II. Effect of GBESODP on the number of crossing
platforms (n=12).

Number of

Group platforms crossings
Control 2.6+1.6
Model 14+£1.0°
Donepezil 2.8+1.3°
GBESODP-L 24+14
GBESODP-M 2.6£1.2°
GBESODP-H 2.9+1.3¢

1P<0.05 vs. Control group; *P<0.05 and “P<0.01 vs. Model group.
GBES0DP, Ginkgo biloba extract 50 dropping pill; -L, low dose
group; -M, medium dose group; -H, high dose group.
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S50 = GBE50DP-M
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g o -

5 10 15

Training number

-50

Figure 1. Effect of GBE5S0DP on escape latency (n=12). "P<0.05 and “P<0.01
vs. Control group; “P<0.05 and "P<0.01 vs. Model group. GBE50DP,
Ginkgo biloba extract 50 dropping pill; -L, low dose group; -M, medium
dose group; -H, high dose group.

Results of Morris water maze test. The results of the posi-
tioning navigation experiment are shown in Fig. 1. Compared
with the control group, the escape latency of rats in the model
group was significantly prolonged at the 9, 10 and 11th trials
(P<0.05 or P<0.01). Compared with the model group, the
escape latency of rats in the donepezil group was signifi-
cantly shortened at the 11th trial (P<0.05), that of rats in the
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Table III. Effect of GBESODP on the indexes of the eight-arm maze (n=12).

Number of Number of Foraging

Group working memory errors reference memory errors completion time (min)
Control 1.9+0.8 2.5+13 5.04+2.28
Model 34+1.1° 4.8+1.2% 7.24+0.61°
Donepezil 1.8+1.0° 2.8+1.0° 4.83+0.80¢
GBES0DP-L 2.0+0.8° 3.6+1.5 5.27+1.59¢
GBES0DP-M 2.0£0.7° 3.0+0.7¢ 5.64+0.58
GBES0DP-H 2.3+1.0 2.8+0.5¢ 4.64+1.22¢

1P<0.05 and "P<0.01 vs. Control group; °P<0.05 and “P<0.01 vs. Model group. GBE5S0DP, Ginkgo biloba extract 50 dropping pill; -L, low dose

group; -M, medium dose group; -H, high dose group.
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MDA (nmol/l)

Control
Donepezil
GBE50DP-L
GBE50DP-M
GBE50DP-H

[ow)

IL-1B (ng/l)

T T ®§F 7 = T ° ® W
E B o0 a ~ a £ T o
5 2 323 & 8§ 5 £ §
°© § 8 8 8 °© 5
w
S %8 8 o
o ¢ ©

GSH-Px (nmol/l)
CAT (ng/l)

§§'ﬁa‘§¥ 33 = T
= [9] y [} y
o Qo o o
5 € ¢ @8 g a s g 5 &
© s 8 8 8 s 2 3 8
g W @ uw S w § w
D @ o O @m o
© 6 © O 6 ©

TNF-a (ng/l)

2 3
5 &
o

GBES50DP-L
GBE50DP-M
GBE50DP-H

Donepezil

GBE50DP-L
GBES50DP-M
GBE50DP-H

Figure 2. Effects of GBES0DP on oxidative stress and inflammation in the hippocampus. (A) Effect of GBESODP on the contents of SOD, MDA, GSH Px
and CAT in the hippocampus (n=38); (B) Effect of GBESODP on the contents of IL-1f, IL-6 and TNF-a in the hippocampus (n=8). "P<0.05, “P<0.01 and
“"P<0.001 vs. Control group; “P<0.05 and *P<0.01 vs. Model group. GBE50DP, Ginkgo biloba extract 50 dropping pill; SOD, superoxide dismutase; MDA,
malondialdehyde; GSH Px, glutathione peroxidase; CAT, catalase; -L, low dose group; -M, medium dose group; -H, high dose group.

GBES5ODP-L group was significantly shortened at the 9 and
11th trials (P<0.05 or P<0.01), that of rats in the GBESODP-M
group was significantly shortened at the 5, 9, 10 and 11th
trials (P<0.05), and that of rats in the GBESODP-H group was
significantly shortened at the 10 and 11th trials (P<0.05).

The results of space exploration experiments are shown in
Table II. Compared with the control group, the number of platform
crossings of rats in the model group was significantly decreased
(P<0.05). Compared with the model group, the number of plat-
form crossings in the positive, GBESODP-M and GBE50DP-H
groups was significantly increased (P<0.05 or P<0.01).

Results of eight-arm maze test. As shown in Table III,
compared with the control group, the average number of
working memory errors and reference memory errors of rats
in the model group was significantly increased (P<0.05), and
the foraging completion time was significantly prolonged
(P<0.01). Compared with the model group, the mean number
of working memory errors of rats in the positive, GBES0DP-L

and -M groups was significantly decreased (P<0.05), that of
reference memory errors of rats in the positive, GBESODP-M
and -H groups was significantly decreased (P<0.05), and the
foraging completion time of the positive, GBES0DP-L and -H
groups was significantly decreased (P<0.05 or P<0.01).

Results of oxidative stress and inflammatory marker detection
in the rat hippocampus

Content of oxidative stress indicators. As shown in Fig. 2A,
compared with the control group, the SOD content in the
hippocampal tissue of the model group rats (30.31+3.67 ng/1)
was significantly decreased (P<0.01), the GSH-Px content
(37.51£6.70 nmol/l) was significantly decreased (P<0.01), the
CAT content (22.59+1.72 ng/l) was significantly decreased
(P<0.001), while the MDA content (5.39+0.67 nmol/l) was
significantly increased (P<0.05). Compared with the model
group, the SOD content (40.32+7.88 ng/l) in the GBE50DP
high-dose group was significantly increased (P<0.01), the
GSH-Px content (42.62+4.77 nmol/l) was significantly
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Contrl _

Figure 3. H&E staining results of the hippocampal CAl region (scale bar, 50 pm). H&E, hematoxylin & eosin. GBESODP, Ginkgo biloba extract 50 dropping

pill; -L, low dose group; -M, medium dose group; -H, high dose group.
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Figure 4. Effect of GBES0DP on neuronal apoptosis in the hippocampal CA1 region. (A) TUNEL staining results of the hippocampal CA1l region (scale
bar 50 um). (B) Number of apoptotic cells in the hippocampal CA1 region (n=3). ““P<0.001 vs. Control group; “*P<0.001 vs. Model group. GBE50DP,
Ginkgo biloba extract 50 dropping pill; -L, low dose group; -M, medium dose group; -H, high dose group.

increased (P<0.05), the CAT content (24.33+1.96 ng/l) was
significantly increased (P<0.05), while the MDA content
(4.60+0.57 nmol/l) was significantly decreased (P<0.05).

Content of inflammatory indicators. As shown in Fig. 2B,
compared with the control group, the IL-1f content
(31.08+3.03 ng/1) in the hippocampal tissue of the model group

rats was significantly increased (P<0.001), the IL-6 content
(128.50+12.07 ng/1) was significantly increased (P<0.01),
and the TNF-a content (306.16+£21.47 ng/l) was significantly
increased (P<0.001). Compared with the model group, the
IL-1P content (28.21+1.37 ng/l) in the GBE50DP high-dose
group was significantly decreased (P<0.05), the IL-6 content
(94.03+22.27 ng/l) was significantly decreased (P<0.01) and



A Contrpl Mode[ o

Cyto-C -

Bax

Beh2 o

,‘o S 5 N
Caspase-3
Fas .
PARP-1
e = o ©
B Cyto-C

w0
o
[o5
o

o
o

o
N A O
o

Integrated
optical density
= N W

S

Integrated

optical density

o

o o
o

T 3 "R 7 S T T 3 " 7 S T

£ 8 9 o 4 o £ 8 9 o 4 o

5 2 89 a0 g 5§ 2 89 g g

o c 383 2 g o c 3 2 g

S w i u § w {§ o

a m o0 o m o0 o

S o O S o ©

PARP-1

80 100
=y 2z
3260 I
g%AO ©Z 60
£g 8T 40
£5 =£=
820 S 20

o
o

S © o ©
= T = O
5 2 5 2
o o

Donepezil
GBE50DP-L
GBE50DP-M
GBE50DP-H
Donepezil
GBE50DP-L
GBE50DP-M
GBE50DP-H

EXPERIMENTAL AND THERAPEUTIC MEDICINE 32: 215, 2026

Donepezil
_

GBESODP-L GBES50DP-M GBES50DP-H

i
3l

[
'
e

¢
i
I
i

Bcl-2 Caspase-3
100
2 80 Hith 2
D o
gg i #ih ,‘B(‘I:’
T o 60 #i# m%
S5 52
T 40 - fogrsd
=0 €8
£E =8
g 20 S
[ —— A
s 334 = % S 3 " 7 ==
=3 Q o =3 (0] o
c 9o o c O o

S = &8 g g S s 8 g g

o c @ o 9 o e 3 o 9

S |y © © S pu © =©

a w uw a w w

o o0 o o o om

S o © S o ©
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P<0.001 vs. Control group; “*P<0.001 vs. Model group. Cyto-C, cytochrome ¢; PARP-1 Poly (ADP-ribose) polymerase 1;

GBESODP, Ginkgo biloba extract 50 dropping pill; -L, low dose group; -M, medium dose group; -H, high dose group.

the TNF-a content (277.42+23.28 ng/l) was significantly
decreased (P<0.01).

Morphological changes of neurons in the CAl region of the
rat hippocampus

Results of H&E assay. As shown in Fig. 3, in the control
group, the nerve cells were arranged neatly, the cytoplasm and
nucleus were stained clearly, and no inflammatory cell infiltra-
tion, capillary dilation or congestion was observed. Compared
with the control group, the structure of the hippocampal CA1

region of rats in the model group was loose, the arrangement of
nerve cells was irregular and the morphology was incomplete,
the cytoplasm was deeply stained, the nuclear condensation,
apoptotic bodies and glial cells were improved increased, the
inflammatory cells were scattered, and the capillaries were
dilated. Compared with the model group, the aforementioned
pathological changes in each administration group were
improved to various degrees, showing a tighter structure, a
decrease in the number of apoptotic bodies and glial cells,
and an improvement in telangiectasia. Among them, the
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Figure 6. Relative expression levels of Cyto-C, Bax, Bcl-2, Caspase-3, Fas and PARP-1 in the hippocampal CA1 region. Western blot bands and quantified bar
charts of each protein, n=3. "P<0.05, “P<0.01 and ""P<0.001 vs. Control group; “P<0.05 and #P<0.01 vs. Model group. Cyto-C, cytochrome ¢; PARP-1 Poly
(ADP-ribose) polymerase 1; GBESODP, Ginkgo biloba extract 50 dropping pill; -L, low dose group; -M, medium dose group; -H, high dose group.

improvement in the GBE5S0DP-H group was the most obvious,
followed by the positive group.

Results of the TUNEL assay. As shown in Fig. 4, the number
of apoptotic neurons in the CAl region of the hippocampus in
the control group rats was 5+2, while in the model group it was
33+4. Compared with the control group, the number of apop-
totic neurons in the model group was significantly increased
(P<0.001). Compared with the model group, the number of
apoptotic neurons in all treatment groups was significantly
decreased (P<0.001), with the GBES0DP high-dose group
showing the most pronounced change, having 11+2 apoptotic
neurons.

Results of the immunohistochemical assay. As shown in Fig. 5,
compared with the control group, the expression of Bcl-2
in the hippocampal CA1l region of rats in the model group
was significantly decreased (P<0.001), while that of Cyto-C,
Bax, Caspase-3, Fas and PARP-1 was significantly increased
(P<0.001). Compared with the model group, the expression of
Bcl-2 in the hippocampal CALl region of rats in each adminis-
tration group was significantly increased (P<0.001), while that
of Cyto-C, Bax, Caspase-3, Fas and PARP-1 was significantly
decreased (P<0.001), particularly in the GBESODP-H group.

Results of western blot analysis. As shown in Fig. 6, compared
with the control group, the expression of Bcl-2 in the hippo-
campal CA1 region of rats in the model group was significantly
decreased (P<0.05), while the expression of Cyto-C, Bax,
Caspase-3, Fas and PARP-1 were significantly increased
(P<0.05 or P<0.01 or P<0.001). Compared with the model group,
the expression of Bcl-2 in the hippocampal CA1 region of rats
in the positive group and the GBESODP-H group significantly
was increased (P<0.05), while that of Cyto-C, Bax, Caspase-3,

Fas and PARP-1 in the positive and GBE50DP-H groups was
significantly decreased (P<0.05 or P<0.01).

Analysis of components of GBE5S0ODP-containing plasma. The
molecular formula of the compound in the GBE50DP-containing
plasma was speculated by ion peak and cleavage law (see Fig. 7).
The main VCl-related compounds were speculated as the gink-
golide A, B, C, K, bilobalide, rutin and quercetin.

Discussion

One of the clinical characteristics of VCI is social disorder (23),
which is manifested by social withdrawal, decreased active
communication, weakened empathy and language communi-
cation disorders. The experimental results of the present study
showed that GBESODP (especially at high dose) can signifi-
cantly shorten the escape latency of VCI rats, increase the
number of platform crossings, and reduce errors in working
memory and reference memory. This suggested that it can
effectively improve learning and memory abilities, providing
an experimental basis for clinical application to improve the
cognitive and social functions of VCI patients. In addition,
GBESODP can significantly increase the activities of SOD
and GSH-Px in the hippocampus, reduce the levels of IL-1
and TNF-a, increase the expression of Bcl-2 and decrease that
of Bax and Caspase-3. This indicated that it exerts anti-VCI
effects through multiple aspects, such as regulating oxidative
stress, neuroinflammation and apoptosis pathways, providing
ideas for the development of multi-target therapeutic drugs. At
the same time, GBES0DP can alleviate neuronal damage and
apoptosis in the CAl region of the hippocampus, suggesting
that it may be applicable for early intervention in VCI and
delaying the progression of the disease. In the present study,
intragastric administration was used, which was consistent
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with the clinical oral preparation route, and the components
of GBESODP in the blood were clear, which showed good
potential for clinical transformation.

Ischemic brain injury is one of the strongest stimuli that
induces abnormal gene expression, causing mitochondrial
dysfunction and cellular apoptosis when the accumulation
of reactive oxygen species exceeds the cellular clearance
ability (24,25). The results of the in vivo experiments demon-
strated that, in the VCI model, the activity of the crucial
anti-oxidative enzymes (SOD, CAT and GSH-Px) in the
hippocampal CA1 region [the key structural region involved in
learning and memory (26)], was inhibited due to the increase
of oxidative stress caused by vascular lesions, resulting in the
increase of MDA [the production of lipid peroxidation (27)]
and recruitment of the pro-inflammatory cytokines [IL-1f,
IL-6 and TNF-a (28)] through a synergistic effect during isch-
emic injury (29). The expression changes of the crucial nodes
involved in the apoptotic signaling pathway exhibited have
proven those oxidative stress-induced apoptotic processes:

The Cyto-C released at the initial stage of apoptosis following
the vasculopathy in the VCI model, across the rupture of the
mitochondrial outer membrane induced by the increase of the
pro-apoptotic protein, Bax, and decrease of the anti-apoptotic
protein Bcl-2. Caspase-3 was then activated by the death
receptor Fas and cleaved multiple cell substrates, leading to
apoptosis as the key executor (30). The excessive activation of
PARP-1, as an DNA repair enzyme, depleted cellular energy
and promoted apoptosis (31,32). The opposite tendency of all
the aforementioned indicators following the administration
revealed that GBE5S0DP effectively improved VCI symptoms
by enhancing the activity of anti-oxidative enzymes and
inhibiting the apoptotic process, thereby protecting cogni-
tive function. This protective effect was reflected in the
pathological improvement, as demonstrated by morphological
observation using the staining methods.

Previous studies have shown that the Ginkgo biloba extract
can improve learning and memory abilities by scavenging
oxygen free radicals, enhancing antioxidant enzyme activity
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and inhibiting neuroinflammation (33), and can safely and
effectively improve the mental state and daily living ability
of VCI patients (34). In the present study, GBE5S0DP, as a
high-purity Ginkgo biloba extract with >50% total flavonoids
and terpene lactones, has advantages in neuroprotection (10).
GBESODP can not only inhibit oxidative stress and inflam-
matory response, but also regulate mitochondrial apoptotic
pathways, such as downregulate pro-apoptotic proteins
Cyto-C and Bax and upregulate anti-apoptotic protein
Bcl-2, thereby reducing hippocampal neuron damage. The
high-dose group of GBE50DP was superior to the positive
drug donepezil in the number of crossing the platform, the
time required to complete foraging and the protection of
neurons, which may be associated with the following factors:
GBESODP has a higher concentration of active ingredients
and improved bioavailability; the lipid-soluble component
ginkgolide B can easily pass through the blood-brain barrier
and has a faster onset, and as a natural platelet activating
factor (PAF) antagonist, it can improve cerebral microcircu-
lation by inhibiting PAF activity (35); the antioxidant effect
of rutin and quercetin form a synergistic effect with the
anti-inflammatory effect of ginkgolides, and further regulate
the mitochondrial apoptosis pathway. The aforementioned
results indicated that GBES0DP has the advantage of
improving VCI, suggesting that GBESODP is expected to be
developed as a new preparation for clinical treatment of VCI
to expand its indications.

Studies have found that ginkgolide (including ginkgolide
A, B, C and K, etc.) and bilobalide belong to the terpene
lactones, which can regulate the expression of Bcl-2/Bax
to inhibit neuronal apoptosis (36) and play a neuroprotec-
tive role in ischemic brain injury (37), thereby improving
cognitive ability. Among them, ginkgolide B is the strongest
platelet-activating factor antagonist found so far that has
a significant antithrombotic effect; ginkgolide A, K and
bilobalide can scavenge free radicals (38) and resist cyto-
toxicity by anti-lipid peroxidation (39); ginkgolide C and
bilobalide can inhibit inflammatory responses (40,41). Rutin
and quercetin belong to the flavonoid family, which has anti-
oxidant effects such as scavenging free radicals, enhancing
SOD activity in brain tissue and reducing MDA content and
can improve mitochondrial function, as well as learning and
memory ability (42,43). Furthermore, the molecular targets
of the effective components would be clarified through
molecular interaction and molecular docking. Combined with
pharmacokinetic studies, the metabolic parameters of each
component in vivo and the interactions between components
can then be analyzed to clarify their efficacy, thereby veri-
fying the pharmacodynamic material basis and mechanism
of GBESODP.

In the present study, GBES0DP increased the activities
of SOD and GSH-Px and decreased the levels of IL-1§ and
TNF-a, while the aforementioned inflammatory factors were
often highly expressed in the cerebrospinal fluid of clinical
VCI patients, suggesting that GBESODP may improve cogni-
tive function through antioxidant and anti-inflammatory
dual activities, which provides an experimental basis for
its application. It has been reported that GBE50 can exert
anti-inflammatory effects by inhibiting the NF-xB signaling
pathway (44) and can increase the activities of SOD and

GSH-Px (10). Nuclear factor erythroid 2-related factor 2
(Nrf2)/heme oxygenase-1 (HO-1) is a key upstream pathway
for regulating these antioxidant enzymes. The results of the
present study were highly consistent with the aforementioned
mechanism. In addition, PARP-1 can regulate NF-«kB activity
and promote the expression of inflammatory factors (45).
After GBESODP downregulates PARP-1, the inflammatory
factors also decrease. Based on this hypothesis, the protec-
tive effect of GBESODP in VCI may not depend on a single
pathway, but may be achieved by activating the Nrf2/HO-1
signaling pathway to combat oxidative stress, inhibiting the
NF-«B signaling pathway to alleviate neuroinflammation and
synergistically regulating the apoptotic pathway. Subsequent
studies can further verify the mechanism of GBESODP by
constructing a cell injury model induced by H,O, or lipopoly-
saccharides (LPS), combining PARP-1 gene knockout animals
or specific inhibitors, and using a composite etiology VCI
animal model to provide a more substantial theoretical basis
for its clinical transformation.

In conclusion, long-term cerebral hypoperfusion caused by
blocking the cervical artery of rats can lead to pathological
changes such as hypoxia, neuronal damage, inflammatory
response and apoptosis in brain tissue, in turn leading to the
symptoms of cognitive impairment. GBES0DP can improve
the social behavior and ability of learning and memory,
decrease oxidative stress, inhibit inflammatory response,
improve the pathological morphology of the hippocampus,
protect neurons and protect nerve cells from apoptosis of VCI
rats induced by cerebral hypoperfusion, thereby enhancing
the self-protection ability of the brain and promoting the
improvement of cognitive function. The effective substances
of GBESODP in improving VCI has been preliminarily
determined. Those results provided an experimental basis for
the further understanding of the neuroprotective effects of
GBES5ODP and helped reveal the potential of GBESODP in the
treatment of cognitive impairment.
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