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Abstract. Vascular dementia (VD) is the second most common 
type of dementia in the elderly. Currently, there are no effective 
drugs for preventing or decreasing the progression of dementia. 
Bilobalide (BB) is a monomer extracted from Ginkgo biloba 
leaves. The present study investigated the neuroprotective 
effects of BB in a two-vessel occlusion (2-VO)-induced 
VD rat model. The results showed that BB (4 and 8 mg/kg) 
significantly protected VD rats against cognitive deficits in 
the Morris water maze. Biochemical assessment showed that 
BB (4 and 8 mg/kg) increased superoxide dismutase (SOD) 
activity and glutathione (GSH) content, and decreased nitric 
oxide synthase (NOS) activity and malondialdehyde (MDA) 
content. Additionally, BB (4 and 8 mg/kg) was found to alle-
viate neuronal apoptosis and to reduce the expression of tumor 
necrosis factor-α (TNF-α) in the brain cortex and the hippo-
campal CA1 region in VD rats. These results suggest that BB 
provides protection against learning and memory impairment 
by reducing free radical injury and inhibiting neuronal apop-
tosis in the brain cortex and hippocampal CA1 region in VD 
rats.

Introduction

Vascular dementia (VD) occurs as a result of ischemic injury 
or oligemia to brain areas, which leads to a progressive cogni-
tion decline, functional ability impairment and behavioral 
problems (1). VD is considered the second most common 

dementia and prevalence of VD is increased, accompanied by a 
corresponding increase in elderly population. Currently, there 
is no effective cure for VD, thus investigators have focused on 
preventing further brain damage.

The standardized Ginkgo biloba extract, EGb 761, has 
been reported to have neuroprotective effects against various 
neurological disorders, such as Alzheimer's disease, ischemia 
and depression (2-4). Although these results suggest the possi-
bility of using the Ginkgo biloba extract as an anti-dementia 
drug, the properties of each constituent of the extract should 
be analyzed to develop an optimally effective anti-dementia 
drug. EGb 761 contains two groups of bioactive constituents, 
the flavonoids (24%) and the terpenoids (6%), which have been 
actively investigated for their neuroprotective and neuromodu-
latory activities (5). It has been reported that the effectiveness of 
the Ginkgo biloba extract EGb 761 in a middle cerebral artery 
occlusion (MCAO) model was exclusively due to the presence 
of bilobalide (BB), a sesquiterpene lactone that constitutes 
2.9‑3.2% of the extract (6,7). Accumulating evidence suggest 
that BB has neuroprotective effects (2,8,9). Optimum efficacy 
usually requires extracts at high doses (50-200 mg/kg), while 
using lower doses of BB may result in an equally high efficacy.

Chronic cerebral hypoperfusion is mimicked in animals 
by bilateral common carotid artery occlusion (2-vessel occlu-
sion, 2-VO), resulting in the establishment of a suitable model 
for investigating the mechanisms of VD (10). The aim of the 
present study was to investigate the effects of BB, a specific 
constituent of the Ginkgo biloba extract EGb 761, on VD rats. 
Consequently, we investigated the effects of BB on the learning 
and memory dysfunction in VD rats. BB was hypothesized to 
improve the learning and memory dysfunction in VD rats due 
to its antioxidant and antiapoptotic properties. Furthermore, 
we investigated the effects of BB on oxidative injury, neuronal 
apoptosis and the expression of tumor necrosis factor-α 
(TNF-α) in VD rats.

Materials and methods

Drugs and reagents. Bilobalide (content of BB, >98%; Fig. 1) 
was obtained from the Creative Pharmaceutical Technology 
Co., Ltd. (Hefei, China). Streptavidin-biotin complex and 
diaminobenzidine (DAB) staining kits were purchased from 
ZSGB-BIO (Beijing, China). Antibody against TNF-α was 
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purchased from Beijing Biosynthesis Biotechnology Co., Ltd. 
(China). Drugs were dissolved in distilled water, and all the 
additional chemicals were of the highest analytical grade 
available.

Animals and treatment. The rodent experiments were appro-
priately performed to minimize animal suffering and were in 
accordance with the animal protocols approved by the local 
authorities in Anhui, China. Adult male Sprague Dawley rats 
(2 to 3-month-old, 180-200 g) were obtained from the Center 
of Laboratory Animal of Anhui, China (Grade II, Certificate 
no. SCXK 2005-001). The rats were housed under conditions 
of controlled lighting (12-h light/dark cycle) and temperature 
(25˚C). All the animals were allowed ad libitum access to food 
and water, and were allowed to acclimatize for ≥3 days prior 
to experimentation.

The rats were randomly divided into 7 groups: the 
sham-surgery, model, BB (2, 4 and 8 mg/kg), Nimotop (Nimo, 
10.5 mg/kg) and Huperzine A (Hupa, 0.047 mg/kg) groups. 
Nimo and Hupa, which are standard drugs for dementia 
treatment, were used as positive controls. The animals were 
anesthetized with 10% chloral hydrate [3 ml/kg, intraperito-
neally (i.p.)]. Surgical operation was conducted as previously 
described (11). Briefly, through a midline cervical incision, the 
bilateral common carotid arteries of each rat were carefully 
separated from the cervical sympathetic and vagal nerves. The 
bilateral common carotid arteries were then exposed and ligated 
with 4-0 silk sutures in the permanent 2-VO group. The rats of 
the sham-operated group underwent the same surgical opera-
tion without carotid artery ligations. Mean body temperature 
(taken rectally) was maintained during surgery at 37.0±0.5˚C. 
The rats of the BB (2, 4 and 8 mg/kg) , Nimo (10.5 mg/kg) and 
Hupa (0.047 mg/kg) groups were treated with the respective 
drugs [intragastric (i.g.) administration] for 60 days from day 1 
following surgery. The rats of the sham-surgery group were 
administered equivalent volumes of vehicle.

Morris water maze test. The Morris water maze (MWM) 
consists of a black 1.6-m diameter circular pool. The pool 
was divided into 4 equal hypothetical quadrants and filled 
with water (24˚C; depth, 30 cm). In the middle of a certain 
quadrant, there was a submerged escape platform (10 cm in 
diameter), which was placed 2 cm below the surface of the 
water. The water maze apparatus, rat handling, and general 
testing procedure have been previously described (12).

All the rats were released into water (facing the wall) at 
4 distinct starting quadrant points and were given 4 trials/day 
(90 sec/trial) from 56 to 59 days following surgery, for 4 consec-
utive days. Using an on-line image video tracking system, 
escape latency (sec) was recorded to determine changes in 
learning dysfunction. On day 60, following completion of all 
the learning trials for all the rats, the platform was removed 
from the pool, and each rat received one 90-sec swim probe 
trial. The time of swimming in the quadrant of platform 
(STP) and the number of rats crossing the platform (NCP) 
were recorded to determine changes in memory dysfunction. 
Behavioral data were analyzed using analysis of variance.

Detection of superoxide dismutase (SOD), nitric oxide 
synthase (NOS) activity, and malondialdehyde (MDA) 

glutathione (GSH) content. Following MWM testing, 8 rats 
from each group were anesthetized and sacrificed by decapita-
tion. The brain of each rat was dissociated and stored at -80˚C 
until assessment. Superoxide dismutase (SOD) and nitric 
oxide synthase (NOS) activity, as well as malondialdehyde 
(MDA) and glutathione (GSH) content were determined 
using the appropriative detection kits (Nianjing Jiancheng 
Bioengineering Institute, Nanjing, China).

Histological examination. Following MWM testing, 5 rats 
from each group were anesthetized with 10% chloral hydrate 
(3.0 ml/kg). Following animal sacrifice, the brain of each rat 
was removed, fixed in 4% paraformaldehyde and embedded in 
paraffin. The brain tissues were sliced (5-µm) using a section 
cutter (Leica Biosystems, Wetzlar, Germany). The sections 
were then stained with hematoxylin and eosin (H&E) and 
examined under a light microscope.

Hoechst 33258 staining. For nuclear staining, paraffin sections 
were dehydrated through a gradient of xylene and ethanol, and 
then rinsed with phosphate-buffered saline (PBS). The sections 
were incubated with 25 mM Hoechst 33258 (ZSGB-BIO) 
for 15 min at 37˚C, washed with PBS (pH 7.2-7.5), mounted 
onto slides using antifade mounting medium, and then exam-
ined using fluorescence microscopy (Ex/Em, 352/461 nm) 
(Olympus Optical, Tokyo, Japan).

Immunohistochemistry. Paraffin sections were cut (5-µm) and 
fixed to slides to ensure adhesion. The sections were incubated 
with hydrogen peroxide (3%) to inactivate endogenous peroxi-
dase, and non-immune goat serum was used as a blocking 
agent. The sections were incubated with the primary antibody 
against TNF-α (1:100) overnight at 4˚C. Immunostaining 
was visualized by the peroxidase method with a biotinyl-
ated anti-rabbit secondary antibody and DAB oxidation. 
The sections were resin-mounted and examined using a 
fluorescence microscope (Nikon, Japan). The immunoreactive 
neurons which were stained brown were observed, and images 
were captured under the microscope. Five sections/group and 
the three high‑power fields of the hippocampal CA1 region and 
the brain cortex/section of the same magnification (x400) were 
used for quantitative analysis. The mean optical density of posi-
tive neurons in each section was measured using the Image-Pro 
Plus 6.0 analysis system to determine TNF-α expression.

Statistical analysis. Intergroup differences were analyzed 
using one-way ANOVA. The Student's t-test was used to 

Figure 1. Chemical structure of bilobalide (BB).
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determine significant differences between groups. Results 
were expressed as the mean ± SD. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Effects of BB on the learning and memory ability of VD rats. 
MWM was used to determine the learning and memory ability 
of rats. In the memory training experiment, the mean escape 
latencies in the rats of all the groups were significantly reduced 
with increasing time. The mean escape latencies in the VD 
rats of the model group were significantly increased compared 
with the model group (P<0.01). The mean escape latencies 
were differently decreased following BB (2, 4 and 8 mg/kg), 
Nimo and Hupa treatment (P<0.05 or <0.01) (Table I). In addi-
tion, NCP and STP in the rats of the model group were also 
significantly reduced compared with the sham-surgery group 
(P<0.05 or <0.01). NCP (P<0.05) and STP (P<0.05 or <0.01) in 
the rats of the BB (2, 4 and 8 mg/kg), Nimo and Hupa groups 
were differentially decreased compared with the model group 
(Table II).

Effects of BB on neuronal morphology in the brain cortex and 
hippocampal CA1 region. H&E and Hoechst 33258 staining 
were used to investigate the neuronal morphology and apop-
tosis of the brain cortex and the hippocampal CA1 region of 
the rats. H&E staining indicated that there were no significant 
neuronal abnormalities in the brain cortex and the hippocampal 
CA1 region of the rats in the sham-surgery group (Fig. 2A). 
However, the rats in the model group exhibited acidophilia 
degeneration, nuclear condensation and disorder of the array 
of neurons in these regions (Fig. 2B). Neuronal degeneration 
was alleviated in the rats of the BB (4 and 8 mg/kg), Nimo and 
Hupa groups compared with the model group (Fig. 2).

We examined the neuronal apoptosis of the brain cortex 
and the hippocampal CA1 region of rats using Hoechst 33258 
staining. The average number of apoptotic cells in these 
regions, which appear smaller than normal and in which the 
chromatin appears to be condensed, were counted (n=5). The 

percentage of nuclear condensation in the brain cortex and the 
hippocampal CA1 region in the rats of the model group was 
significantly increased compared with sham-surgery group 
(P<0.05 or <0.01). The percentage of nuclear condensation in 
the brain cortex and the hippocampal CA1 region in the rats 
of the BB (4 and 8 mg/kg), Hupa and Nimo groups was differ-
entially decreased compared with the model group (P<0.05 or 
<0.01; Fig. 3).

Effects of BB on brain tissue SOD, NOS activities and 
MDA, GSH contents. SOD activity and GSH content were 
significantly decreased (P<0.01), while the MDA content 
and NOS activity were clearly increased (P<0.01) in the rats 
of the model group compared with the sham-surgery group.  
BB 2, 4 and 8 mg/kg), Nimo and Hupa treatment differentially 
increased SOD activity and GSH content (P<0.05 or <0.01), 
but decreased MDA content and NOS activity in VD rats 

Table I. Effect of BB on mean escape latencies in VD rats.

 Mean escape latencies (sec)
 ----------------------------------------------------------------------------------------------------------------------------------------------------------------
Group Dose (mg/kg) Day 1 Day 2 Day 3 Day 4

Sham - 58.99±37.20 31.19±28.77 19.82±15.03 12.15±9.62
Model - 80.11±22.96a 64.27±34.37a 56.48±36.67a 55.61±35.40a

Nimo 10.5 68.03±34.96 50.25±31.28 43.82±31.15 40.22±21.35b

Hupa 0.047 56.33±32.08c 45.96±31.59b 30.36±27.81c 26.24±26.75c

BB 2 72.35±25.05 49.87±34.66 33.58±30.82c 22.12±18.37c

 4 77.47±24.35 55.95±31.70 29.90±24.65c 28.75±22.05c

 8 68.90±29.56 52.99±33.45 32.65±30.36c 27.23±25.14c

VD rats exhibited learning and memory impairment. BB treatment significantly reduced the mean escape latencies (particularly on days 3 
and 4). Data are the mean ± SD (n=8). aP<0.01 vs. sham-surgery group; bP<0.05, cP<0.01 vs. model group. BB, bilobalide; VD, vascular 
dementia. Nimo, Nimotop-treated rats; Hupa, Huperzine A-treated rats.

Table II. Effect of BB on STP and NCP in VD rats.

Group Dose (mg/kg) STP (sec) NCP

Sham - 32.90±5.89 6.38±2.62
Model - 25.56±5.34a 1.50±1.60b

Nimo 10.5 31.28±6.62 4.63±2.97c

Hupa 0.047 35.19±7.84c 5.00±2.33d

BB 2 28.44±5.77 4.75±3.20c

 4 33.83±9.00c 4.63±3.54c

 8 33.39±8.48c 5.63±2.56d

Swimming time in the quadrant of platform (STP) and the average 
number of rats crossing the platform site (NCP) were significantly 
decreased in the rats of the model group. BB (4 and 8 mg/kg) and 
Hupa treatment increased STP and NCP. Data are the mean ± SD 
(n=8). aP<0.05, bP<0.01 vs. sham-surgery group; cP<0.05, dP<0.01 
vs. model group. BB, bilobalide; VD, vascular dementia; Nimo, 
Nimotop-treated rats; Hupa, Huperzine A-treated rats.
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compared with the rats in the model group (P<0.05 or <0.01) 
(Tables III and IV).

Effect of BB on the expression of TNF‑α in the brain cortex 
and the hippocampal CA1 region. The effect of BB on TNF-α 
immunoreactivity in the brain cortex and the hippocampal 
CA1 region in VD rats was investigated. Under normal condi-
tions, immunoreactive cells are abundant and appear brown in 
color following immunohistochemistry. Many TNF-α immu-

noreactive neuronal cells were observed in the brain cortex 
and the hippocampal CA1 region in the rats of the model 
group compared with the sham-surgery group. However, 
the number of TNF-α immunoreactive cells in the BB (4 
and 8 mg/kg), Nimo and Hupa-treated rats was significantly 
decreased compared with the model group (Fig. 4).

The mean optical density of the brain cortex and the 
hippocampal CA1 region in the rats of the model group was 
significantly increased compared with the sham-surgery group 

Table IV. Effects of BB on brain tissue NOS activity and GSH 
content in VD rats.

 Dose NOS GSH
Group (mg/kg) (KU/g protein) (µmol/g protein)

Sham - 0.44±0.09 29.06±6.50
Model - 0.75±0.15a 16.30±4.29a

Nimo 10.5 0.54±0.17b 23.11±5.57b

Hupa 0.047 0.53±0.16b 23.45±5.28c

BB 2 0.61±0.15 22.16±5.96b

 4 0.54±0.19b 22.32±3.83b

 8 0.51±0.17c 24.57±3.60c

Data are the mean ± SD (n=8). aP<0.01 vs. sham-surgery group; 
bP<0.05, cP<0.01 vs. model group. BB, bilobalide; NOS, nitric 
oxide synthase; GSH, glutathione; VD, vascular dementia; Nimo, 
Nimotop-treated rats; Hupa, Huperzine A-treated rats.

Figure 2. Effects of bilobalide (BB) on the neuronal morphology in the brain cortex and hippocampal CA1 region of rats (H&E staining; magnification, x400). 
No significant neuronal abnormalities in the brain cortex and hippocampal CA1 region of the rats in the sham-surgery group were observed, while the rats 
in the model group exhibited degeneration of neurons and disorder of the array of neurons. In BB (4 and 8 mg/kg), Nimo and Hupa groups, the number of 
acidophilia degeneration and nuclear condensation was decreased. (A Sham-surgery, (B) model, (C) Nimo, (D) Hupa, (E) BB 2 mg/kg, (F) BB 4 mg/kg and 
(G) BB 8 mg/kg groups (n=5 rats/group).

Table III. Effects of BB on brain tissue SOD activity and MDA 
content in VD rats.

 Dose SOD MDA
Group (mg/kg) (KU/g protein) (µmol/g protein)

Sham - 125.54±8.06 3.31±0.78
Model - 104.78±10.63a 4.91±0.62a

Nimo 10.5 119.53±9.80b 3.76±0.94b

Hupa 0.047 117.67±10.85b 3.87±0.90b

BB 2 115.80±9.23b 4.08±0.71b

 4 116.88±8.96b 3.83±0.84b

 8 118.46±6.93c 3.65±0.59c

Data are the mean ± SD (n=8). aP<0.01 vs. sham-surgery group; 
bP<0.05, cP<0.01 vs. model group. BB, bilobalide; SOD, superoxide 
dismutase; MDA, malondialdehyde; VD, vascular dementia; Nimo, 
Nimotop-treated rats; Hupa, Huperzine A-treated rats.
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(P<0.01). BB (4 and 8 mg/kg), Nimo and Hupa treatment obvi-
ously decreased the expression of TNF-α in these regions of 
VD rats (P<0.05) (Fig. 4).

Discussion

The 2-VO rat is a suitable model for investigating the 

Figure 3. Effects of bilobalide (BB) on neuronal apoptosis in the brain cortex and hippocampal CA1 region (Hoechst 33258 staining; magnification, 
x400). Neuronal apoptosis in the brain cortex and hippocampal CA1 region was significantly increased in the rats of the (B) model group compared to the 
(A) sham-surgery group. However, the number of apoptotic cells in the brain cortex and the hippocampal CA1 region in the rats of the BB (4 and 8 mg/kg), 
Nimo and Hupa groups were significantly decreased. (A) Sham‑surgery, (B) model, (C) Nimo, (D) Hupa, (E) BB 2 mg/kg, (F) BB 4 mg/kg and (G) BB 8 mg/kg 
groups (n=5 rats/group). P<0.05, P<0.01 vs. sham-surgery group; *P<0.05, **P<0.01 vs. model group.

Figure 4. Effect of bilobalide (BB) on TNF-α immunoreactive cells in the brain cortex and the hippocampal CA1 region of vascular dementia (VD) rats 
(magnification, x400). (A) Sham-surgery, (B) model, (C) Nimo, (D) Hupa, (E) BB 2 mg/kg, (F) BB 4 mg/kg and (G) BB 8 mg/kg groups (n=5 rats/group). 
P<0.01 vs. sham-surgery group; **P<0.05 vs. model group. TNF-α, tumor necrosis factor-α.
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pathophysiology of learning and memory impairment in 
human dementia, as well as for assessing the therapeutic 
potential and/or exploring possible mechanisms of putative 
anti-dementia drugs (13). BB, a sesquiterpene trilactone 
constituent of Ginkgo biloba leaf extracts, has been suggested 
to exert protective and trophic effects on neurons (8,9,14). 
MWM has been proven to be an effective method for the 
ethological evaluation of rats, and has been used to evaluate 
the spatial learning and memory abilities of rats (15). In the 
present study, the spatial learning and memory abilities of rats 
were decreased in the model group, while they were found to 
be improved following BB (4 and 8 mg/kg) treatment. These 
results suggest that daily administration of BB rescues cogni-
tive deficits in VD rats.

The mechanism underlying the permanent occlusion 
of both common carotid arteries responsible for inducing 
learning and memory deficits is intricate. Neuronal apoptosis 
has been found to be related to deficits in spatial learning 
and memory in rats induced by chronic cerebral hypoperfu-
sion (16). Hippocampus plays an important role in learning 
and memory processing, and is highly sensitive to ischemic 
insults (11,17). Cerebral ischemia inducing neuronal degen-
eration has also been observed in other structures, such as 
striatum, brain cortex and thalamus (18,19). In the present 
study, histological changes and neuronal apoptosis in the 
brain cortex and the hippocampal CA1 region of rats were 
investigated. Histological examination plays an important role 
in the evaluation of neuronal damage and drug action (20). 
H&E and Hoechst 33258 staining showed that the number of 
apoptotic cells was significantly increased in the rats of the 
model group, and that BB (4 and 8 mg/kg) treatment allevi-
ated the neuronal impairment and apoptosis. These results 
suggest that BB has an antiapoptotic activity.

Oxidative stress is involved in neuronal apoptosis (21). It 
is well known that free radicals participate in the regulation 
of neuron degeneration and apoptosis, and are potentially 
involved in the pathogenesis of neurodegenerative diseases 
such as VD (22,23). MDA is an important biomarker of 
lipid peroxidation that is induced by reactive oxygen species. 
Specific quantification of MDA is able to determine the extent 
of lipid damage as a result of oxidative stress in a variety of 
lipid systems, such as plasma, organs and cell membranes (24). 
Free radicals cause oxidative damage to important biological 
molecules. Consequently, organisms exhibit increased SOD, 
catalase and glutathione peroxidase activities in response 
to oxidative stress (25). Increased SOD activity could be 
regarded as an indication that the antioxidant mechanism of 
the brain is activated in response to oxidative stress (26). Free 
radicals directly damage antioxidant enzymes and reduce their 
activities (27). In the present study, GSH content was found 
to be significantly decreased in VD rats. Therefore, the incre-
ment in MDA content and SOD activity found in the rats of 
the model group suggests an obviously increased oxidative 
process, while the decrease in the GSH content indicates the 
presence of deficiencies in the endogenous antioxidant ability. 
Nitric oxide (NO) might exacerbate the damage by enhancing 
the post-ischemic release of excitatory neurotransmitters (28). 
Changes in the level of NO produced by NOS occur in acute 
cerebral ischemia and Alzheimer's disease (AD) (29). In the 
present study, BB (2, 4 and 8 mg/kg) significantly increased 

SOD activity and GSH content, and decreased MDA content 
and NOS activity in VD rats. Previous studies have demon-
strated that agents with antioxidant and radical scavenger 
properties have been effective in the treatment of VD in 
animals or in clinical trials (30-32). In the present study, 
learning and memory dysfunction is suggested to have been 
alleviated by BB due to its antioxidant properties, since oxida-
tive stress in all cases plays an important role in 2-VO-induced 
neurodegenerative processes (33).

TNF-α, a pro-inflammatory cytokine that is produced 
by macrophages, adipocytes and astrocytes, appears to be 
an unspecific but potent factor in the development of several 
psychiatric diseases, including depression and dementia. 
Elevated TNF-α levels have been found in the cerebrospinal 
fluid of patients with AD and VD, suggesting an important 
role of TNF-α production by the central nervous system in 
dementia (34). TNF-α has been shown to induce neuronal 
death in several neurodegenerative disorders including AD 
and VD (35). The results of the present study have shown that 
BB (4 and 8 mg/kg) significantly decreased the expression of 
TNF-α in the brain cortex and the hippocampal CA1 region 
of VD rats. This suggests that the inhibitory effect of BB on 
neuronal apoptosis is associated with the regulation of TNF-α 
expression by BB.

In conclusion, the present study has demonstrated that BB 
has a potential antioxidant activity, inhibits neuronal apoptosis 
and reduces the expression of TNF-α in the brain cortex 
and the hippocampal CA1 region of VD rats. These effects 
might be related to its antioxidant and antiapoptotic activities. 
However, additional studies are needed for the elucidation of 
the detailed mechanism between the two activities of BB.
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