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Effects of Ginkgo Biloba Extract on
AS3T a-Synuclein Transgenic Mouse
Models of Parkinson’s Disease
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ABSTRACT: Background: Parkinson’s disease (PD) is a degenerative disorder of the central nervous system mainly affecting the motor
system. Presently, there is no effective and safe drug to treat patients with PD. Ginkgo biloba extract (GBE), obtained from leaves of the
Ginkgo biloba tree, is a complex mixture of ingredients primarily containing two active components: flavonoids and terpenoids. In this
study, we investigated the effects of GBE on A53T a-synuclein transgenic mice, a PD model that has better simulated the progression of
PD patients than other models such as the 1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine-induced PD model. Methods: Fifty a-synuclein
AS53T transgenic mice were fed and treated with GBE, and locomotor activity was detected by pole test, forced swim test, and wire-hang
test. The expression of tyrosine hydroxylase and dopamine transporters was detected using immunohistochemistry. Superoxide dismutase
activity, glutathione peroxidase activity, and malondialdehyde expression were detected using an assay kit. Results: Our results show that
GBE treatment improved locomotor activity and that superoxide dismutase and glutathione peroxidase inhibited the expression of methane
dicarboxylic aldehyde and recovered the expression of tyrosine hydroxylase and dopamine transporters. Conclusions: The GBE treatment
improved locomotor activity and inhibited the development of PD in the A53T a-synuclein transgenic mice, which may be partly
responsible for decreased oxidative damage and maintain the normal dopamine homeostasis.

RESUME: Effets de Pextrait de ginkgo biloba sur le modéle de souris transgénique o-synucléine A53T de la maladie de Parkinson. Confexte: La maladie
de Parkinson (MP) est une maladie dégénérative du systéme nerveux central qui atteint principalement le systéme moteur. Il n’existe pas actuellement de médicament
efficace et slir pour traiter les patients atteints de la MP. L’extrait de ginkgo biloba (EGB), obtenu a partir des feuilles de cet arbre, est un mélange complexe
d’ingrédients contenant principalement deux composants actifs : des flavonoides et des terpénoides. Nous avons étudié les effets de 'EGB sur I’a-synucléine A53T
chez des souris transgéniques, un modele animal de la MP, chez qui il est possible d’obtenir une meilleure simulation de la progression observée chez les patients
atteints la MP que chez d’autres modeles animaux tel le modele de la MP induit par la 1-méthyl-4-phényl-1,2,3,6 tétrahydropyridine. Méthodologie: Cinquante
souris transgéniques a-synucléine AS3T ont ét€ nourries et traitées avec de ’EGB. Leur activité locomotrice a ét€ évaluée par le test des poles, le test de la nage forcée
et le test d’agrippement. L’expression de la tyrosine hydroxylase et des transporteurs de la dopamine a été détectée par immunohistochimie. L’activité de la
superoxyde dismutase, de la glutathione peroxidase et du malondialdéhyde a été détectée au moyen d’une trousse commerciale. Résultats: Nos résultats montrent
que le traitement par I’EGB a amélioré I’ activité locomotrice des souris et que la superoxyde dismutase et la glutathione peroxidase inhibaient I’expression I’aldéhyde
dicarboxylique de méthane et rétablissaient I’expression de la tyrosine hydroxylase et des transporteurs de la dopamine. Conclusions: Le traitement par 'EGB a
amélior€ I’activité locomotrice et a inhibé les manifestations de la maladie chez les souris transgéniques a-synucléine AS3T, ce qui pourrait étre responsable, du
moins en partie, de la diminution du dommage oxydatif et du maintien de I’homéostasie normale de la dopamine.
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Parkinson’s disease (PD) is a degenerative disorder of the central
nervous system mainly affecting the locomotor activity. It has a
higher incidence among the elderly, and incidence increases with
age.1 The motor symptoms of PD include resting tremor,
bradykinesia, rigidity, and postural reflex impairment.” The typical
pathophysiological features of PD are progressive loss of dopami-
nergic neurons in the substantia nigra pars compacta (SNpc) and
subsequent accumulation of Lewy bodies in the remaining dopami-
nergic neurons.>* PD is caused by complicated factors, including
age,4 environment,5 genetics,6 oxidative stress,7 mitochondrial
dysfunction,® and inflammation,” among others.

Presently, the main therapeutic strategy for PD is drug therapy.
The most widely used medicines for PD include levodopa
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(L-dopa),m’ll dopamine receptor agonists,12 catechol-O-

methyltransferase inhibitors,'> and monoamine oxidase inhibi-
tors.'* Nevertheless, drugs including -L-dopa cause serious side
effects and fail to inhibit disease progression15 ; therefore, more
effective and safe PD drugs are urgently needed. Previous studies
showed that traditional Chinese medicine such as salidroside
and green tea polyphenols had protective effects in a rat model
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of PD induced by I-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP)."*"” Similar effects were found with ginkgo biloba extract
(GBE) treatment.'® Whether GBE would have protected effects in
a-synuclein A53T transgenic mice, a mouse model of PD, and its
mechanism is remains unclear. In the present study, the effects of
GBE on the a-synuclein AS3T PD model were studied.

MATERIALS AND METHODS
Animals Feed and Treatment

Fifty a-synuclein A53T transgenic mice were purchased by the
Model Animal Research Center of Nanjing University (Nanjing,
China) under laboratory animal production license number XCYK
(Su) 2010-0001. Mice were housed in an specific pathogen-free
(SPF)-grade laboratory in Guangdong Medical Laboratory Animal
Center (Guangdong, China) under experimental animal license
SYXK (Yue) 2013-0002. All experiments were approved by the
Guangdong Medical Laboratory Animal Center ethical boards. The
mice were exposed to a 10:14-hour light/dark cycle, 20% to 26%
humidity at 21 + 2°C and had ad libitum access to food and water
for 8 months. The mice were randomly divided into five groups of
ten mice each: group 1 was treated with normal saline (normal
saline group); group 2 was treated with a high dose of GBE (60 mg/
kg, high-dose group; batch 1990813; acquired from Dr. Willmar
Schwabe); group 3 was treated with an intermediate dose of GBE
(40 mg/kg, intermediate-dose group); group 4 was treated with a
low dose of GBE (40 mg/kg, low-dose group); and group 5 was
treated with Madopa (75 mg/kg, Madopa group; batch 1990813;
Roche Pharmaceuticals, Basel, Switzerland). After 21 days of
treatment, locomotor activity was evaluated by using a forced
swim test, a pole-climbing test, and a wire-hang test. Further, mice
were sacrificed by cervical dislocation. Brains were dissected
out and divided into two parts. One part was used to detect
superoxide dismutase (SOD), glutathione peroxidase (GSH-PX),
and malondialdehyde (MDA), and the other was used to detect
the expression of tyrosine hydroxylase (TH) and dopamine
transporters (DAT).

Spontaneous Locomotor Activity
Pole Test

A 25-mm diameter cork ball was attached a top a wooden pole
(diameter, 1 cm; height, 50 cm) with gauze to prevent slippage.
The mouse was positioned at the top of the cork ball, head up; the
time taken by the mouse to descend from the pole was measured.
This was divided into two parts: duration of descent from the cork
ball to the wooden pole and duration of descent from the pole to
the floor. Trials completed within 3 seconds were assigned
3 points; 3 to 6 seconds, 2 points; and >6 seconds, 1 point. During
a habituation period 1 day before the beginning of the testing
phase, each mouse was underwent one practice run. The pole test
was administered twice per day for 3 consecutive days (total, six
trials).

Forced Swim Test

A previously described, the forced swim test protocol was
adapted for mice using a glass cylinder (15-cm diameter) filled
with water 13-cm deep at room temperature.'® Mice were pre-
tested for 5 minutes 24 hours before the test. During the 2-minute
test period, mice that swam continuously were assigned 3 points,
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those that mostly swam and occasionally floated, 2.5 points; those
that floated for >50% of the trial, 2 points; those that mostly
floated and occasionally swam, 1.5 points; and those that floated
continuously, 1 point. The forced swim test was administered
twice per day for 3 consecutive days (total, six trials).

Wire-Hang Test

The wire-hang test was conducted to assess grip strength and
endurance. First, mice were placed on the lid of a wire cage, which
was then inverted. The mice were induced to maintain a grip on
the wires, by gently vibrating the cage lid. The cage was filled
with spongy material to prevent injury from falling. Trials in
which the mouse’s two hind paws grasped the lid were assigned
3 points; those in which only one hind paw grasped, 2 points; and
those that did not grasp the lid, 1 point. The wire-hang test was
conducted twice per day over 3 consecutively days (total, six
trials).

Immunohistochemistry (IHC)

The number of neurons expressing TH in the SNpc and
those expressing DAT in the striatum were detected using IHC.
Following sacrifice, the mice’s SNpc and striatum were dissected
from the brain, transferred to 4% paraformaldehyde, and embed-
ded in paraffin. The tissue was cut into 3-pm serial sections
using a Leica microtome (RM2235; Leica Microsystems GmbH,
Wetzlar, Germany). IHC was performed according to a previously
published protocol.'® Briefly, sections were incubated in 3%
H,0, in phosphate-buffered saline (PBS; 0.1 mol/L, pH 7.4) for
7 minutes, washed with PBS (0.1 mol/L, pH 7.4) three times, and
treated with a solution containing 1% bovine serum albumin and
0.3% Triton X-100 for 2 hours. Further, the sections were incu-
bated overnight at 4°C with rabbit anti-TH antibodies (1:750;
ab75875; Abcam, Cambridge, UK) or rabbit anti-DAT antibodies
(1:500; ab111468; Abcam). After washing twice with PBS (0.1
mol/L, pH 7.4), sections were treated for 40 minutes with
biotinylated anti-rabbit immunoglobulin G, washed three times in
0.1 mol/L PBS, and processed using streptavidin-biotinylated
horseradish peroxidase complex (Santa Cruz Biotechnology,
Dallas, TX). The reaction was visualized using DAB (DakoCy-
tomation, Carpinteria, CA) and cresyl violet counterstaining
(Sigma-Aldrich, St. Louis, MO). Images were obtained using a
microscope (BX41, Olympus Corporation, Tokyo, Japan). Mean
optical density was quantified using Image ProPlus 6.0 (Media
Cybernetics, Silver Spring, MD).

Analysis of SOD and GSH-PX Activity and MDA Expression

SOD activity, GSH-PX activity, and MDA expression were
detected using an SOD Assay Kit, GSH-PX Assay Kit, and MDA
Assay Kit, respectively (Nanjing Jiancheng Bioengineering Institute,
Jiangsu, China), according to the manufacturers’ instructions.

Statistical Analysis

Statistical analyses were performed using SPSS software
(version 19.0; IBM Corporation, Armonk, NY). The data, which
fit the normal distribution, are expressed as mean =+ standard
deviation. The data were analyzed using a one-way analysis of
variance followed by a post hoc LSD test. All p values <0.05
were considered significant.
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Figure 1: Scores were achieved by the pole test, forced swim test, and wire-hang test in a-synuclein A53T transgenic mice.
*p < 0.05 compared with the control group; “p <0.05 compared with the Madopa group.

RESULTS

GBE Recovered the Locomotor Activity of a-Synuclein A53T
Transgenic Mice

The ultimate therapeutic goal of GBE treatment is to amelio-
rate the functional impairments of PD. Accordingly, we tested for
locomotor activity impairment using the pole test, forced swim
test, and wire-hang test (Figure 1). The mice in the high-dose,
intermediate-dose, low-dose, and Madopa groups showed
significantly better locomotor performance compared with the
control group (p<0.05). GBE treatment improved locomotor
activity in A53T a-synuclein transgenic mice in a dose-dependent
manner. The therapeutic effectiveness of intermediate- and high-
dose GBE was similar with Madopa.

GBE Improved the Activity of Different Antioxidant Enzymes
in a-Synuclein A53T Transgenic Mice

The neurological damage seen in patients with PD involves
free radical synthesis and oxidative stress. To explore the effects
of GBE treatment, we determined whether it was associated with
changes in the activity of antioxidant enzymes such as SOD and
GSH-PX and in the expression of MDA. The results are shown in
Figure 2. SOD activity improved significantly in the high-dose,
intermediate-dose, low-dose, and Madopa groups compared with
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the control group (p<0.05). GBE treatment improved SOD
activity in A53T a-synuclein transgenic mice in a dose-dependent
manner. The therapeutic effectiveness of intermediate- and high-
dose GBE was similar with Madopa. GSH-PX activity showed a
trend similar to the SOD activity. In contrast, MDA expression
was significantly reduced in the high-dose, intermediate-dose,
low-dose, and Madopa groups compared with the control group
(p<0.05). GBE treatment reduced MDA expression in
AS53T a-synuclein transgenic mice by a dose-dependent manner.
The therapeutic effectiveness of intermediate- and high-dose GBE
was similar with Madopa.

GBE Recovered the Expression of TH and DAT in the A53T
a-Synuclein Transgenic Mice

In the brain of A5S3T a-synuclein transgenic mice, the expres-
sion of TH was detected by IHC (Figure 3). TH expression was
significantly higher in the high-dose, intermediate-dose, low-dose,
and Madopa groups than in the control group (p <0.05). GBE
treatment enhanced TH expression in A53T a-synuclein transgenic
mice in a dose-dependent manner. The therapeutic effectiveness of
intermediate- and high-dose GBE was similar to Madopa. In the
brain of A53T a-synuclein transgenic mice, the expression of DAT
was detected by IHC (Figure 4). DAT expression was significantly
higher in the high-dose, intermediate-dose, low-dose, and Madopa

2.5 -

MDA expression

Figure 2: SOD activity, GSH-PX activity, and the expression of MDA were measured in a-synuclein A53T transgenic mice.
*n < 0.05 compared with the control group; &p < 0.05 compared with the Madopa group.
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Figure 3: Expression of TH in the brain of A53T a-synuclein transgenic mice. (A-E) Representative images of IHC staining of
TH in the control, low-dose, intermediate-dose, high-dose, and Madopa groups, respectively (400 x ) (F) The results of TH
expression are presented as mean * standard deviation; bars indicate TH protein expression levels. *p < 0.05 compared with

the control group, “p < 0.05, compared to Madopa group.

groups compared with the control group (p < 0.05). GBE treatment
enhanced DAT expression in AS3T a-synuclein transgenic mice in
a dose-dependent manner. The therapeutic effectiveness of inter-
mediate- and high-dose GBE was similar with Madopa.

DISCUSSION

Animal models of PD are mainly two types: transgenic mouse
models and chemically induced models. The chemically induced
models, such as the MPTP-induced PD model, are acute in the

Figure 4: Expression of DAT in the brain of

course of disease progression and fail to replicate all the features of
PD. The transgenic mouse models, such as the AS3T a-synuclein
transgenic mice, have the ability to replicate all of the features of
PD.*" In this study, A53T a-synuclein transgenic mice were used as
the PD model. The level of a-synuclein gradually increases in
dopaminergic neurons in humans during normal aging. In patients
with PD, a-synuclein is a major component of Lewy bodies,
which accumulate in the dopaminergic neurons and lead to PD
progression. Missense mutations of a-synuclein, including the
AS53T mutant, have been causally linked to familial PD.2! AS3T
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AS53T a-synuclein transgenic mice. (A-E) Representative images of IHC staining

of DAT in the control, low-dose, middle-dose, high-dose, and Madopa groups, respectively (400x). (F) The results of DAT
expression are presented as mean * standard deviation; bars indicate DAT protein expression levels. *p <0.05 compared
with the control group, p < 0.05 compared with the Madopa group.
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a-synuclein overexpression induces pervasive mitochondria mac-
roautophagy defects and promotes dopamine neuron degenera-
tion."” The previous study found that locomotor activity and
dopaminergic neuron function in A53T a-synuclein transgenic mice
were impaired with aging, similar to disease progression in patients
with PD.>> A53T a-synuclein transgenic mice have better simulated
disease progression in patients with PD than other models, such as
the MPTP-induced mouse model of PD.

In the present study, we investigated the effects of GBE on
AS53T a-synuclein transgenic mice. The results showed that the
GBE treatment improved locomotor activity and the activity of
SOD and GSH-PX, inhibited MDA expression, and recovered
the expression of TH and DAT. According to therapeutic
effectiveness, the groups can be ranked from low to high as
low-dose, intermediate-dose, Madopa, and high-dose groups.
GBE inhibited PD progression in a-synuclein AS3T transgenic
mice by a dose-dependent manner. The therapeutic effectiveness
in the intermediate-dose, Madopa, and high-dose groups was
similar.

GBE is obtained from the leaves of the Ginkgo biloba tree and is
a complex mixture of ingredients. It mainly contains two active
compounds: flavonoids (24%) and terpenoids (6%). The relative
molecular weights of these GBE weights are low and can potentially
penetrate the blood-brain barrier; hence, GBE has a broad spectrum
of pharmacological actions in the central nervous system.” In the
present study, GBE treatment improved locomotor activity in A53T
a-synuclein transgenic mice as measured by a pole test, forced swim
test, and wire-hang test. The results suggest that GBE is an effective
drug to treat patients with PD. These results are similar to those of
Rojas et al,'® which demonstrated that GBE protects the locomotor
activity in MTPT-induced PD in mice.

The pathomechanisms of PD remain unknown; however, the
presence of ongoing oxidative stress and the generation of reactive
oxygen species are known to play an important role in PD
development.” During PD development, oxidative stress markers,
such as reactive oxygen species, lipid peroxidation, nitric oxide
formation, nicotinamide adenine dinucleotide phosphate-oxidase
activity, glutathione system, SOD, and MDH, have been shown to
be significantly changed compared with healthy controls.” GSH
was reduced by up to 40%, and the activity of SOD and GSH-PX
declined.>* The GBE-active compounds, flavonoids and
terpenoids, have the ability to eliminate oxygen-free radicals and
act as antioxidants.>> Saini et al*® have demonstrated that in
streptozotocin-induced diabetic cardiomyopathy in rats, EGb 761
attenuated oxido-nitrosative stress, improved antioxidant
enzyme levels, and led to diabetic cardiac dysfunction. In aged
female rats, GBE treatment inhibited the expression of MDA and
8-o0x0-2'-deoxyguaniosine, improved the expression of brain-
derived neurotrophic factor in plasma, decreased oxidative
damage, and improved cognitive functions.”’ In myocardial
ischemia-reperfusion injury rabbits, GBE reduced the generation
of oxygen free radicals and increased the antioxidant capacity of
the myocardial cells.?® In the present study, we found that GBE
treatment improved SOD and GSH-PX activity, inhibited MDA
expression, and decreased oxidative damage in A53T a-synuclein
transgenic mice. The current evidence shows that GBE treatment
increased SOD and GSH-PX activity and decreased MDA
expression, reduced the generation of oxygen-free radicals, and
decreased oxidative damage shown in other PD models, similar to
the results of the present study.18
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DAT is a transmembrane Na*/CI™ transporter and controls the
reuptake of extracellular dopamine into presynaptic neurons, play-
ing an important role in maintaining normal dopamine (DA)
homeostasis. >’ Tyrosine hydroxylase converts L-tyrosine to L-3,
4-dihydroxyphelylalanine (L-dopa), which is the precursor for
dopamine.3° Decreased levels of DAT and TH are positively
associated with the development of PD in clinical cases.””>! In the
present study, we found that GBE treatment improved the activity
levels of DAT and TH, which may maintain normal DA homeostasis
and improve dopamine expression, ultimately inhibiting the deve-
lopment of PD. Such results are similar to those of Rojas et al, which
demonstrated that GBE protects in MTPT-induced PD mice.'®

In conclusion, GBE treatment improved the locomotor
activity and stopped the development of PD in A53T a-synuclein
transgenic mouse model of PD by a dose-dependent manner,
suggesting that GEB is effective drug for PD treatment. The
neuroprotective effects may be partly responsible for improving
the activity of SOD and GSH-PX, inhibiting the expression of
MDA, decreasing oxidative damage, and recovering the expres-
sion of TH and DAT to maintain normal DA homeostasis.
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