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and increases neurogenesis by reducing  
Aβ pathology in 5×FAD mice
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Abstract: Previous studies have indicated that the generation of newborn hippocampal neurons is impaired in the 
early phase of Alzheimer’s disease (AD). A potential therapeutic strategy being pursued for the treatment of AD 
is increasing the number of newborn neurons in the adult hippocampus. Recent studies have demonstrated that 
ginkgo biloba extract (EGb 761) plays a neuroprotective role by preventing memory loss in many neurodegenerative 
diseases. However, the extent of EGb 761’s protective role in the AD process is unclear. In this study, different doses 
of EGb 761 (0, 10, 20, and 30 mg/kg; intraperitoneal injections once every day for four months) were tested on 
5×FAD mice. After consecutive 4-month injections, mice were tested in learning memory tasks, Aβ, and neurogen-
esis in the dentate gyrus (DG) of hippocampus and morphological characteristics of neurons in DG of hippocampus. 
Results indicated that EGb 761 (20 and 30 mg/kg) ameliorated memory deficits. Further analysis indicated that 
EGb 761 can reduce the number of Aβ positive signals in 5×FAD mice, increase the number of newborn neurons, 
and increase dendritic branching and density of dendritic spines in 5×FAD mice compared to nontreated 5×FAD 
mice. It was concluded that EGb 761 plays a protective role in the memory deficit of 5×FAD mice.
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Introduction

Alzheimer’s disease (AD) is a progressive neu-
rodegenerative disease associated with the 
death of neural cells of brain and memory dys-
function. The disease is the most common 
cause of dementia, accounting for up to 70% of 
cases with half the population over 80 years of 
age suffering from the disease. Clinical obser-
vation has shown that progressive memory 
impairment is the primary symptom of AD, 
which is thought to be the consequence of the 
selective degeneration of nerve cells in brain 

regions critical for memory, cognitive function, 
and personality [1]. However, the etiology of AD 
is unclear and there is no effective therapeutic 
to prevent or cure the disease, so there is an 
urgent need for efforts to find an efficient cure. 

Previous studies indicated that neural stem 
cells or neural progenitor cells (NPCs) in the 
dentate gyrus (DG) produced newborn neurons 
throughout life via a process called neurogene-
sis [2]. These newborn neurons in the DG in- 
corporated into the existing neural granule  
cell network and contributed to hippocampus-
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dependent functions such as learning and 
memory [3]. Studies have reported an age-
related decrease in hippocampal neurogene-
sis, accompanied by cognitive impairment [4]. 
Postmortem studies of the aging process of 
most AD patients, in contrast to the normal 
aging process, display aberrant structural al- 
terations in the hippocampal region [5]. In ani-
mal models of AD, such as 5×FAD mice, prolif-
erating neuron numbers, labeled by 5-bromo-
2’-deoxyuridine (BrdU), are also reduced [6]. 
Furthermore, studies have shown that amyloid-
beta protein (Aβ) isolated from early-onset 
familial AD patients inhibit the proliferation and 
differentiation of cultured human and rodent 
NPCs by promoting apoptosis of these cells [7]. 
This suggests that the inhibition of Aβ toxicity 
and restoration of hippocampal neurogenesis 
are potential pharmacological targets for treat-
ing AD. 

Ginkgo biloba is a medicinal herb that has been 
used as a traditional Chinese medicine for sev-
eral thousand years. EGb 761 is a dry extract 
from Ginkgo biloba leaves that contains two 
active components: ginkgo flavonoids (22-27%) 
and terpene lactones (5-7%) [8, 9]. In clinical 
studies, EGb 761 is often prescribed as an anti-
dementia drug, administered at a dose similar 
to cholinesterase inhibitors and memantine. In 
preclinical studies, EGb 761 exhibited multiple 
anti-AD effects. EGb 761 has been shown to 
inhibit free circulating and intracellular choles-
terol levels and to facilitate metabolism of 
beta-amyloid precursor protein (APP) and amy-
loidogenesis by enhancing α-secretase activity, 
thus reducing the levels of APP in brain [10]. 
EGb 761 also displays neuroprotective effects 
through the inhibition of cytosolic phospholi-
pase A (2) after acute spinal cord injury [11]. 
However, it remains unclear whether EGb 761 
has a protective effect against AD progression 
and improves cognitive function. 

In the current study, the effects of EGb 761 
were tested in 5×FAD mice with regard to the 
following three aspects: 1) the effects of EGb 
761 on hippocampus-dependent learning and 
memory in the Morris Water Maze (MWM) and 
novel object recognition test; 2) the effects of 
EGb 761 on neurogenesis in the DG of 5×FAD 
mice; and 3) the histological effects of EGb 761 
on hippocampus.

Materials and methods

Animals

All experiments were conducted on 4-month-
old male mice (Shanghai Experimental Animal 
Center, China). Breeding trios were used to 
maintain the colony. In this experiment, trans-
genic mice (Tg, 5×FAD, n = 48) and negative lit-
termate mice (wild type [WT], n = 12) were 
used. Tail biopsies of mice were collected for 
genotyping at 4 weeks of age. Mice of experi-
mental groups were housed 4 per cage and 
were kept under standard conditions (12:12 h 
light/dark cycle, 21 ± 2°C; relative humidity, 
40%). Mice were given ad libitum access to 
food and water. All experiments were carried 
out in accordance with the Xuzhou Medical 
University Health Guide for the Care and Use  
of Laboratory Animals. Efforts were made to 
reduce the number of animals used and to treat 
the animals humanely to minimize their pain 
and suffering. Mice experiments were approv- 
ed by the Xuzhou Medical University Animal 
Ethics Committee (protocol number: #20180- 
522141M).

Transgenic mice

Genotyping was performed by PCR (oligonu- 
cleotides: sense [5’GGACTGACCACTCGACCAG] 
and anti-sense [CGGGGGTCTAGTTCTGCAT]). 
The expected band size of the transgene was 
377 bp. An internal positive control was also 
selected (oligonucleotides: sense [CTAGGCCA- 
CAGAATTGAAAGATCT] and anti-sense: [GTAG- 
GTGGAAATTCTAGCATCATCC]), in which the ex- 
pected band size of the transgene was 324 bp 
(wild type; 608 bp). A general PCR process was 
used to amplify the cDNA (2 min at 93°C; 3 
cycles of 15 sec at 93°C, 30 sec at 55°C, 30 
sec at 72°C; 2 cycles of 15 sec at 93°C, 30 sec 
at 60°C, 30 sec at 72°C; and 30 cycles of 15 
sec at 93°C, 30 sec at 66°C, 30 sec at 72°C).

Drugs and treatment

Ginkgo biloba extract (EGb 761) was purchased 
from Sigma-Aldrich (ID#: 05485001) and dis-
solved in saline. The pH was adjusted to 7.4 
with HCl. Different doses of EGb 761 (0, 10, 20 
and 30 mg/kg) were selected from previous 
reports that showed neuroprotective effects of 
EGb in mice [12]. To detect whether the EGb 
761 played a protective role during the AD pro-
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cedure, the Tg mice were injected intraperitone-
ally with different doses of EGb 761 once every 
day for four months. Littermates were used as 
the negative control for this experiment. After 
consecutive EGb 761 treatment, the animals 
were divided into three groups for memory test 
(group 1), neurogenesis and Aβ detection (gr- 
oup 2), and neuronal morphological character-
istics in hippocampus regions (group 3). Abili- 
ties of learning memory for animals (group 1) 
were measured by the novel object recognition 
(NOR) and MWM tests. Animals of group 2 were 
equally divided into two parts (4 mice per part) 
for the neurogenesis and Aβ detection, includ-
ing the amyloidosis in the hippocampus region. 
Group 3 was used for Golgi staining to test the 
morphological characteristics of the DG.

Cognitive ability tests

NOR: To reduce the stress effects from water 
on learning memory, the testing order in mice 
was NOR and then MWM. The NOR was used  
to assess nonspatial working memory. In the 
training session, the mice were presented with 
two identical objects (2 small self-colored wood 
bricks) in a square arena (W50 × L50 × D30 
cm) and allowed to habituate and explore for 
15 min (same object trial). After the habitua-
tion, mice were returned to their home cages 
for a 30 min break. Then, one of the two famil-
iar wood bricks was replaced with a novel 
object (a similar wood brick with zebra stripes). 
The mice were again allowed to explore the 
objects for 15 min (choice trial). The novel 
object was randomly placed on either side of 
the arena. Object exploration was defined as 
each instance in which a mouse’s nose or fore-
limb touched the object or was oriented toward 
and within 2 cm of the object [13]. When ani-
mals investigated an object, the time spent on 
each side was recorded by the computer.

MWM: The MWM test was performed between 
10:00 and 15:00 as previously described [14]. 
MWM training trials were carried out after the 
last injection. The MWM apparatus was 100 cm 
in diameter and filled with water at 22 ± 1°C. 
Prominent visual cues were placed on the walls 
around the apparatus. Some opaque powders 
were placed in the water to hide the platform. 
During the training, a platform was placed 1 cm 
below the surface of the water and located 
approximately 15 cm from the edge of the tank. 

The starting position was randomized among 
four quadrants of the pool every day, and each 
mouse underwent four trials per day lasting for 
5 days with inter-trial intervals of 1 min between 
different trials. The mouse was allowed 90 s to 
swim and freely find the platform and then 
remain on the platform for 30 s. If the mouse 
did not locate the platform in the 90 s, it was 
gently guided to the platform and allowed to 
remain there for 30 s. At the end of each trial, 
the mice were dried in the incubator and 
returned to their home cage until the next trial. 
A total of 24 hours after the memory acquisi-
tion trials, memory was detected. During this 
trial, the mice were allowed to swim in the pool 
without the platform for 90 s. The latency to 
reach the platform site (target) and the number 
of crossings of the targeting quadrant were 
recorded by a camera on the ceiling. The foot-
age was analyzed by Any-Maze software (St- 
oelting Co., Wood Dale, IL). 

Neurogenesis in hippocampus

After the mice received consecutive EGb 761 
injections, they (n = 4) were given one intraperi-
toneal injection of BrdU (50 mg/kg) to detect 
neurogenesis in the DG of hippocampus. BrdU 
was dissolved in 0.9% NaCl at a concentration 
of 25 mg/ml, and the solution was filter-steril-
ized before injection. Staining for BrdU was per-
formed according to previously published pro-
cedures [15]. After rinsing with 0.01 M PBS (3 
min × 3), partial denaturation of DNA was car-
ried out with 2N HCl at 40°C for 15, 30 or 60 
min. Afterward, slides were washed in 0.5% 
Triton X-100 in 0.01 M PBS. Then, the slices 
were incubated with primary antibodies over-
night at 4°C. The next day, the primary antibody 
was detected with the second antibody conju-
gated to Alexa 488 (1:500, Abcam, USA) or 
Alexa 594 and incubated for 1 h at 4°C. Ima- 
ges were captured using a microscope (Olym- 
pus, Tokyo, Japan). Quantitative analysis of  
the BrdU-positive cells was carried out using  
a modified unbiased stereology protocol used 
in quantifying adult-born neurons of the DG 
[16]. The number of positive-signal cells were 
counted by two observers who were blind to 
grouping and experimental designing. The  
number of positive cells per group was aver-
aged and expressed as the mean ± standard 
deviation.
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Immunofluorescence staining

To assess the protective effects from EGb 761, 
the Aβ expression in the hippocampus region 
was detected in independent groups (4 mice 
per group). As mentioned above, the Aβ signals 
in DG of hippocampus region were qualified by 
the immunofluorescent staining in 8-month-old 
Tg or control mice. In the experiment, a 6E10 
primary antibody (Cat.803015, Biolegend) was 
used to detect the Aβ signal, and Alex488 was 
used as the second antibody. Images were  
captured using a microscope (Olympus, Tokyo, 
Japan). 

Aβ ELISA: Mice brain tissues were homoge-
nized in lysis buffer, including the 50 mM Tris-
HCL, pH 7.4, 100 mM NaF, 2 mM EDTA, 10 mM 
β-mercaptoethanol, 2 mM sodium vanadate, 
8.5% sucrose, 5 μg/ml aprotinin, 100 μg/ml 
leupeptin, and 5 μg/ml pepstatin. Then, the 
homogenates were centrifuged at 15000 rpm 
for 10 min at 4°C. Soluble fractions were dis-
solved into the supernatant. After separating 
the supernatant, the soluble fractions were col-
lected. Following this, ELISA kits were used to 
detect the soluble Aβ1-40 and Aβ1-42 con- 
centrations of the manufacturer’s protocol 
(Shanghai Shengon BioTech).

Thioflavin-S staining (ThS)

To assess the amyloidosis in the model, ThS 
staining was used 4 months after the EGb 761 
treatment. ThS was dissolved in DMSO to 
obtain a 0.1 M stock solution. The slices were 
incubated in the ThS solution for 20 min. After 
the gradient dehydration, ThS fluorescence 
was captured by the microscope.

Golgi staining of hippocampus

To evaluate the protective contribution of EGb 
761 to neurons at the morphological level, 
Golgi staining of CA1 neural cells was per-
formed according to the manufacturer’s instr- 
uctions [17]. First, freshly dissected brains 
from the 30 mg/kg EGb 761 group and controls 
(four brain tissues every groups) were impreg-
nated at room temperature for 14 days in 
Solution A and Solution B, and then they were 
bathed in Solution C at 4°C for 2 days. Then, 
brain tissues were sectioned into 200 μm sec-
tions and transferred onto 2% gelatin-coated 
slides. These sections were dried at room tem-

perature for 3 days and then stained with 
Solution D, Solution E, and distilled water for  
30 min following gradient dehydration with 
75%, 95%, and 100% ethanol. Sections were 
analyzed using the Image J software package 
and Sholl analysis. Dendritic morphology was 
analyzed with a 100 × objective lens. Sholl 
analysis was performed to quantify the number 
of dendritic branches and measure dendritic 
length at concentric 10-μm intervals.

Statistical analysis

Statistical analyses were performed with 13.0 
SPSS (IBM SPSS Statistics for Windows, ver-
sion 13). All data are presented as mean ±  
SD. For behavioral and immunohistochemistry 
data, comparisons between groups were per-
formed using one-way ANOVA for groups with 
one independent variable followed by the least 
significant difference (LSD) post hoc test. A 
value of P < 0.05 (*) was considered to be sig-
nificant. “ns” indicates no significant differen- 
ce.

Results 

Effect of EGb 761 on nonspatial learning 
memory and spatial memory in the MWM 

The effect of one month of EGb 761 administra-
tion on nonspatial memory was tested in the 
cognitive object recognition paradigm. Time sp- 
ent exploring each of the objects was recorded 
and expressed as a percentage of the total 
exploration time. After training day (Figure 1A), 
the 5×FAD group showed less significant ex- 
ploring behavior toward the novel object than 
the control group (P < 0.05), indicating that 
these animals were unable to remember the 
original block. In contrast, EGb 761-treated gr- 
oups (10, 20, and 30 mg/kg) spent significantly 
more time exploring the novel object compared 
to the primary object (F (4, 35) = 3.194, P < 
0.05). Of note, the animals in the 30 mg/kg 
group showed a significantly enhanced prefer-
ence index compared to the 5×FAD group.

After the novel objection test was conducted, 
the spatial memory of all animals was trained in 
MWM. For the escape time test, there was a 
significant main effect among the groups [F (4, 
35) = 8.91; P < 0.01]. This was followed by post 
hoc analysis indicating that 5×FAD mice need-
ed more time to escape (Figure 1B, P < 0.05) 
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Figure 1. Effect of EGb 761 on nonspatial learning memory in NOR and spatial memory in MWM. A. Effect of EGb 
761 improved the memory of NOR in Tg mice. B. Escape latencies. C. The number of platform crossings. D. The per-
centage of time spent searching in the target quadrant where the platform had been located by individual mice in 
the treatment groups. Data are represented as mean ± SD. * indicates P < 0.05; # indicates P < 0.05.

when compared with the control mice. Further 
analysis showed that both the 20 mg/kg EGb 
761 treatment (P < 0.05) and 30 mg/kg EGb 
761 treatment (P < 0.05) reduced the escape 
time in the 5×FAD mice. During the  
platform crossing time test (reversal learning), 
there was a significant main effect among the 
groups [Figure 1C and 1D, F (4, 35) = 8.413;  
P < 0.05]. Post hoc analysis indicated that 
5×FAD mice spent less time in crossing (P < 
0.05) compared with control mice. Further 
analysis showed that both the 20 mg/kg EGb 
761 treatment (P < 0.05) and 30 mg/kg EGb 
761 treatment (P < 0.05) increased the cro- 
ssing time in 5×FAD mice. 5×FAD mice spent 
less time in the target quadrant (< 25%) com-
pared to the control group, indicating that the 
memory of 5×FAD mice was impaired (< 25%). 
EGb 761 treatments improved the animals’ 
memory, leading to increased time spent in the 

target quadrant. The 30 mg/kg EGb 761 treat-
ment made the mice spend more time in the 
target quadrant (> 25%). These results indicat-
ed that EGb 761 enhanced spatial memory of 
the 5×FAD mice in the MWM.

Effect of EGb 761 on the proliferation of new-
born neurons in hippocampus of 5×FAD mice

Previous studies reported that the number of 
newborn cells decreased with aging and in ani-
mal models of AD [18]. Newborn cells from the 
DG field were labeled with BrdU in the current 
study. The contribution of newborn neurons 
affected by the EGb 761 treatment was ex- 
plored in 5×FAD mice. The experiments showed 
that the number of BrdU-positive cells in every 
unit was 90.10 ± 25.8 and 151.9 ± 45.1 in the 
DG of hippocampus of 5×FAD and WT mice, 
respectively. After EGb 761 treatment, the his-
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Figure 2. Effects of EGb 761 on neurogenesis in hippocampus of 5×FAD mice. A. Representative images of BrdU+ 
cells in the DG (20×). B. Density of BrdU+ cells in the DG. C. Representative images of DCX+ cells in the CA1 (20×). D. 
Density of DCX+ cells in the DG. The number of DCX+ cells in the CA1 of 5×FAD mice were decreased in contrast with 
control mice (P < 0.05). Chronic 30 mg/kg EGb 761 treatment could increase the number of DCX+ cells in the 5×FAD 
mice. * indicates P < 0.05 vs. control. # indicates P < 0.05 vs. 5×FAD group. Data are presented as mean ± SD.

tology showed a significant main effect of EGb 
761 treatment [F (4, 35) = 5.7, P = 0.001]. Post 
hoc analysis (LSD) indicated that the number  
of BrdU-positive cells in the 20 mg/kg EGb 
761/5×FAD mice and 30 mg/kg EGb 761/ 
5×FAD mice were increased to levels approa- 
ching that of the WT mice (Figure 2A and 2B). 
To further explore whether the proliferative 
cells enhanced memory ability, we examined 
our data (Figure 2C and 2D). The data indicat- 
ed that the number of DCX+ cells in the DG of 
5×FAD mice was decreased in contrast with 
those of the control mice (P < 0.05). However, 
the chronic 30 mg/kg EGb 761 treatment could 
reverse the effect where the number of DCX+ 
cells decreased in the 5×FAD mice (P < 0.05). 
Thus, chronic EGb 761 treatment can improve 
impaired memory ability in 5×FAD mice by in- 
creasing the proliferation of newborn neurons 
in hippocampus. 

Effect of EGb 761 on Aβ expression in hippo-
campus of 5×FAD mice

To verify whether the improvement of cognitive 
deficits by EGb 761 treatment is related to the 
change of Aβ accumulation in the hippocampus 
region of 5×FAD mice, hippocampal Aβ was 
analyzed using ELISA and immunofluorescen- 
ce. As shown in Figure 3B and 3C, the Aβ posi-

tive signals in the DG were significantly in- 
creased using 6E10 primary antibody in 8- 
month-old Tg mice compared with age-matched 
control mice; in the latter, the signals may have 
been inhibited by the EGb 761 treatment. Fur- 
thermore, ELISA of Aβ (Figure 3A) was per-
formed to determine soluble Aβ1-40 and Aβ1-
42 in brain of mice. No significant difference in 
soluble Aβ1-40 was found in Tg mice, control 
mice, and EGb 761 groups (P > 0.05), but a sig-
nificant difference was found in the soluble 
Aβ1-42 level (P < 0.05). This indicated that the 
soluble Aβ1-42 level was increased in the Tg 
mice in contrast with control mice, and EGb 
761 treatment reduced the soluble Aβ1-42 
level of brain.

Effect of EGb 761 on ThS expression in hip-
pocampus of 5×FAD mice

To further estimate the protective role of EGb 
761 in Tg mice, the number of ThS-positive sig-
nals in the hippocampal DG region were ana-
lyzed. Results showed that ThS-positive signals 
in the DG were significantly increased in 8- 
month-old Tg mice compared with age-match- 
ed control mice (Figure 4, P < 0.05). However, 
the EGb 761 treatment reduced the ThS-
positive signals in the DG in Tg mice.
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Figure 3. Effect of EGb 761 on Aβ expression in hippocampus of 5×FAD mice. A. Soluble Aβ1-40 and Aβ1-42 from 
brains of 8-month-old mice were measured using ELISA. B, C. Representative immunofluorescence images of Aβ 
deposits (6E10) and number (g) of Aβ deposits. Data shown are the means ± SEM, with 4 mice in each group. * 
indicates P < 0.05 vs. control. # indicates P < 0.05 vs. 5×FAD group. Data are presented as mean ± SD.

Figure 4. Effect of EGb 761 on the ThS posi-
tive signals in the hippocampal DG region of 
5×FAD mice. A. Representative immunofluo-
rescence images of ThS-positive signal. B. 
EGb 761 inhibits the ThS positive signals in 
the hippocampal DG region of 5×FAD mice. 
Data shown are the means ± SD, with 4 mice 
in each group. * indicates P < 0.05 vs. con-
trol. # indicates P < 0.05 vs. 5×FAD group.
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Figure 5. The effect of EGb 761 on the dendritic morphology of hippocampal CA1 neurons. A. Representative images 
of spine density in hippocampus. Scale bar = 100 μm. B. Representative images of dendritic branches in hippocam-
pus. C. Analysis of branch number in hippocampus. D. Dendritic spine types found in the CA1 field. Spine maturity 
progresses (from left to right) from long, thin spine structures (yellow) to wide-headed mushroom spines (blue). 
Geometric characteristics of spines are listed below for each type. E. Golgi-stained secondary dendritic branch of 
a CA1 field neuron in mouse. Different spine types are indicated by arrowheads, which are color-coded to match. 
Scale bar, 5 um. F. The percentages of different types of spines treated by 30 EGb 761. Number of mature spines 
in 5×FAD mice were significantly decreased in contrast with those of control mice (P < 0.05). This can be reversed 
by 30 mg/kg EGb 761 choronic treatment. Data are expressed as mean ± SD. * indicates a significant difference 
between groups (P < 0.05).

Dendritic morphology

In this study, a total of 30 hippocampal pyrami-
dal neurons in CA1 were selected from the  
controls (n = 10), 5×FAD mice (n = 10), and 
5×FAD mice treated with 30 mg/kg EGb 761  
(n = 10) to analyze morphological changes. 
Contrasts of dendritic length and Sholl’s analy-
sis parameters were also obtained from con-
trols (n = 10), 5×FAD mice (n = 10), and EGb 
761-treated 5×FAD mice (n = 10). It was found 
(Figure 5) that the total number of dendritic 
branches close to the cell body in 5×FAD mice 

were lower than those of control mice (F (2, 27) 
= 20.44, P < 0.001). However, EGb 761 treat-
ment increased the total length of dendrites  
(P < 0.05). Similarly, the reduced basilar den-
dritic trees in the dendritic branch point of 
5×FAD mice were reversed significantly by  
EGb 761 treatment. Sholl’s analysis indicated 
that the intersections in the CA1 field of 5× 
FAD mice were impaired when contrasted with 
those of control mice (P < 0.05). However, EGb 
761 (30 mg/kg) reversed these effects (P < 
0.05) when contrasted with those of the 5×FAD 
mice.
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Discussion 

For a long time, ginkgo biloba has been used as 
a medicinal herb in traditional Chinese medi-
cine. EGb 761 is a mixture extracted from ging-
ko biloba leaves [24]. This study demonstrated 
that ginkgo biloba extract EGb 761 improves 
the memory ability in 5×FAD mice. The experi-
mental results indicated that EGb 761 exerts a 
neuroprotective effect by increasing the num-
ber of newborn cells in the DG field and inhibit-
ing Aβ pathology, especially reducing the Aβ1-
42 level of brain. First, the results of this study 
showed that long-term treatment of Tg mice 
with EGb 761 improves spatial working memory 
and nonspatial working memory. Second, they 
demonstrated that long-term treatment of Tg 
mice with EGb 761 increased the number of 
newborn cells in the DG of hippocampus. These 
results suggested that EG 761 enhances cogni-
tive function in the 5×FAD animal model of AD. 
Finally, the long-term treatment of Tg mice with 
EGb 761 can reduce the Aβ1-42 level of brain 
and amyloid-β (Aβ) of DG region. In general, our 
results provided new insights into the role of 
EGb 761 in AD.

AD is the most common neurodegenerative  
disease among the senior population. It is ch- 
aracterized by the deposition of amyloid-β (Aβ) 
plaques and the accumulation of neurofibrillary 
tangles in neurons [19]. The 5×FAD mouse 
model is a transgenic animal model of AD that 
overexpresses both mutant human APP (695) 
with the Swedish (K670N, M671L), Florida 
(I716V), and London (V717I) familial AD (FAD) 
mutations and human PS1 protein harboring 
two FAD mutations, M146L and L286V, under 
the control of the mouse Thy1 promoter [20]. In 
this animal model, mutant Aβ1-42 is exclusively 
generated and rapidly accumulates into mas-
sive levels in the mouse cerebrum. This induc-
es amyloid plaque formation, neurodegenera-
tion, and behavioral dysfunction. Further, in the 
model, 5×FAD mice show severe impairment of 
learning and memory, as suggested by differ-
ent behavioral tests [21]. 

EGb 761 is a clinically available and well-toler-
ated herbal medication that consists of two 
active components: flavonoid glycoside and ter-
pene lactone [22]. Many studies on its toxico-
logical and pharmacological properties have 
indicated that EGb 761 has neuroprotective 
effects in aging-related diseases [23]. Kwon et 

al. found that EGb 761 can inhibit zinc-induced 
tau phosphorylation at Ser262 through its an- 
ti-oxidative actions involving the regulation of 
GSK3β [24]. As such, EGb 761 has been widely 
used in the prevention and treatment of aging-
related diseases. The molecular mechanisms 
underlying the neuroprotective effects of EGb 
761 remain unknown. A previously proposed 
mechanism of the neuroprotective functions of 
EGb 761 suggested that it prevents activation 
of mitochondria-mediated apoptotic pathways 
[25, 26]. In this study, EGb 761 was found to 
improve learning and memory in spatial and 
nonspatial memory tasks and to play a neuro-
protective role in the 5×FAD mouse model. 
Notably, in in vitro studies, mouse cerebral 
microvessel endothelial cells incubated with Aβ 
were used to study EGb 761’s effects on the 
blood brain barrier in AD. Results indicated that 
EGb 761 significantly decreases cell viability 
and apoptosis in response to incubation with 
Aβ1-42 oligomer [27]. Our (unpublished) data 
and another lab’s data also suggest that EGb 
761 inhibits Abeta oligomerization and Abeta 
deposits in vivo [28]. 

Although the relationship between newborn 
neuron proliferation in the adult hippocampus 
and neurodegenerative disease progression is 
not clear, aging-associated hippocampal neuro-
genesis reduction may contribute to cognitive 
impairment. Ginkgo biloba treatment has been 
found to significantly enhance the expression 
of doublecortin (DCX), a micro-tubular marker 
of neurogenesis, in comparison to controls. 
These results indicate a beneficial role of gink-
go biloba in hippocampal neurogenesis in the 
context of brain aging [29]. Ginkgo biloba is 
also known to improve blood flow and protect 
tissue from free radical damage [30]. Recently, 
several studies demonstrated that cell prolifer-
ation decreased in the DG of hippocampus in  
a number of AD mouse models that exhibited 
amyloid deposition [31]. Additionally, the im- 
pairing neurogenesis processes in the SVZ 
were reported in AD models [32]. In general, 
some reports suggested that diminished neu-
rogenesis in 5×FAD mice was involved in mem-
ory decline [33]. In this study, 5×FAD mice 
treated for four months with EGb 761 showed 
enhanced capacity for neurogenesis. This sug-
gests that EGb 761-induced memory function 
improvement of 5×FAD mice may be related to 
increased neurogenesis.
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Next, it should be discussed why the cell ac- 
tivation and morphology of DG were chosen to 
illustrate that the Egb 761 improved the memo-
ry of 5×FAD mice. DG field is a key output node 
of the hippocampal memory circuit, which can 
project the widespread areas of brain [34]. It 
was reported that DG of hippocampus is in- 
volved in various kinds of functions, such as 
novelty detection and spatial memory. DG was 
more susceptible and vulnerabilities field that 
was affected in the AD by redistributing infor-
mation from DG across a greater number of 
output neurons [35]. DG is also a vital field of 
hippocampus that contributes to the formation 
of new episodic memories [36]. Animals with 
destroyed DG show memory impairment. DG  
in adult-born mice may influence the precision 
of remote memories through replay. Therefore, 
the DG is appropriate for field testing different 
spatial memories between control and AD 
mice.

Conclusion

This experiment found that a one-month EGb 
761 treatment improved spatial and nonspatial 
working memory of 5×FAD mice. The treatment 
also enhanced neurogenesis, indicating the 
potential therapeutic value of EGb 761 in neu-
rogenesis-associated and/or neurodegenera-
tive neurological disorders.
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