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Abstract: Spinocerebellar ataxia type 17 (SCA 17) is a polyglutamine disease caused by the
expansion of CAG/CAA repeats in the TATA box-binding protein (TBP) gene. The Ginkgo
biloba extract, EGb 761, contains flavonoids and terpenoids with a potential use for the treatment
of neurodegenerative diseases such as Alzheimer’s and Parkinson’s diseases. The neuroprotec-
tive effects of EGb 761 are obvious, but whether the EGb 761 has therapeutic effects in SCA 17
is still unclear. To manage our issues, we have generated TBP/79Q-expressing SH-SYS5Y cells
and SCA 17 transgenic mice with the mutant 27BP gene. In in vitro experiment, we observed
that the EGb 761 treatment decreased the amount of sodium dodecyl sulfate-insoluble proteins
in the TBP/79Q-expressing SH-SY5Y cells. We further found that the EGb 761 treatment
could inhibit excitotoxicity and calcium influx and reduce the expression of apoptotic markers
in glutamate-treated SH-SY5Y neuroblastoma cells. In in vivo experiment, we observed that
the EGb 761 treatment (100 mg/kg intraperitoneal injection per day) could relieve the motor
deficiencies of the SCA 17 transgenic mice. Our findings provide evidence that the EGb 761
treatment can be a remedy for SCA 17 via suppressing excitotoxicity and apoptosis in SCA 17
cell and animal models. Therefore, we suggest that EGb 761 may be a potential therapeutic
agent for treating SCA 17.

Keywords: spinocerebellar ataxia type 17, excitotoxicity, EGb 761, polyQ diseases,
apoptosis

Introduction

Spinocerebellar ataxia type 17 (SCA 17) is a polyglutamine (polyQ) disease caused
by the expansion of CAG/CAA repeats (>43 repeats) in the TATA box-binding pro-
tein (TBP) gene, leading to protein aggregation in patients with SCA 17.1 There is
increasing evidence that excitotoxicity and polyQ diseases are related to each other. The
sodium dodecyl sulfate (SDS)-resistant aggregation of insoluble proteins is increased
after the glutamate-induced influx of calcium, and the aggregation is reduced by the
inhibition of calcium influx in a model of SCA 3.#* Moreover, the activation of calcium-
dependent proteolytic calpains aggravates SCA 3 pathology by increasing protein
aggregation; however, calpastatin, an inhibitor of calpains, reduces aggregation.>
Moreover, the intracellular calcium concentration is elevated in neurons that are sensi-
tive to glutamate-induced cell death in Huntington’s disease.”® These findings suggest
that disrupted calcium signaling may lead to protein aggregation and neuronal death
in polyQ diseases. Thus, the inhibition of calcium overloading may be therapeutic by
preventing the pathological alterations in SCA 17.
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The EGb 761, a standard extract prepared from the leaves
of Ginkgo biloba, has pharmacological effects in various
neurodegenerative diseases.” Pharmacological studies had
shown that the G. biloba extract, EGb 761, is an anti-
oxidant agent that alleviates ischemia, oxidative stress, and
B-amyloid-induced toxicity. The EGb 761 has been used in
several neurological diseases such as Alzheimer’s disease,
Parkinson’s disease, and dementia.'®!'3 The neuroprotective
effects of the EGb 761 are obvious, but whether the EGb 761
has therapeutic effects in SCA 17 is still unclear.

Inthe present study, we have generated TBP/79Q-expressing
SH-SY5Y cells with inducible green fluorescent protein expres-
sion and SCA 17 transgenic mice with the mutant hTBP
gene driven by the Purkinje-specific protein (Pcp2/L7) gene
promoter.'*! The possible effects of the EGb 761 in pathologi-
cal alterations of SCA 17 were investigated in glutamate-in-
duced excitotoxicity model, TBP-expressing cells, and SCA 17
transgenic mice as in vivo and in vitro models of SCA 17.

Materials and methods

Materials

EGb 761, containing 24% Ginkgo flavone glycosides (includ-
ing quercetin, kaempferol, and isorhamnetin) and 6% ter-
penlactones (including ginkgolides A, B, C, and bilobalide),
is a standardized extract of G. biloba (Dr Willmar Schwabe
Pharmaceuticals, Karlsruhe, Germany). 3-(4,5-Dimethylthiaz-
ole-2-yl)-2,5-diphenyltetrazolum bromide (MTT), L-glutamic
acid monosodium salt monohydrate, and MK-801 were pur-
chased from Sigma-Aldrich Co. (St Louis, MO, USA). Fluo-4
AM was obtained from Thermo Fisher Scientific (Waltham,
MA, USA). Trypsin-ethylenediaminetetraacetic acid (0.5%)
and penicillin/streptomycin were purchased from Thermo
Fisher Scientific. Fetal bovine serum (FBS) was obtained
from Corning Incorporated (Corning, NY, USA). Antibod-
ies specific for calpain 2, calbindin, cleaved caspase 3, and
cleaved poly(adenosine diphosphate-ribose) polymerase
(PARP) were produced by Cell Signaling Technology (Dan-
vers, MA, USA). Antibodies against Bax and actin were
purchased from EMD Millipore (Billerica, MA, USA), and
antibodies against spectrin, transcription factor II D, and Bcl-2
were obtained from Santa Cruz Biotechnology Inc. (Dallas,
TX, USA). Horseradish peroxidase (HRP)-conjugated sec-
ondary goat anti-mouse and goat anti-rabbit antibodies were
purchased from EMD Millipore.

Cell culture

Human neuroblastoma SH-SYS5Y cells were cultured in a
1:1 mixture of Dulbecco’s Modified Eagle’s Medium and
Ham’s Nutrient Mixture F-12 containing 10% fetal bovine

serum, 100 U/mL penicillin, and 100 pg/mL streptomycin.
SH-SYS5Y cells were cultured with or without the inducible
TBP/36Q and TBP/79Q expression constructs. TBP expres-
sion was induced by the addition of 10 pg/mL doxycycline.
The culture medium was changed every 48 hours, and cells
were grown at 37°C in the presence of 5% CO,. Cell experi-
ments were approved by the Biological Experimental Safety
Committee at the National Taiwan Normal University.

Cell viability assay

A total of 104 SH-SYSY cells/well in a 100 pL culture
medium were grown in a 96-well plate for 24 hours to
reach ~60% confluence. Cells were treated with vehicle,
EGb 761 (5 pg/mL, 10 pg/mL, and 20 pg/mL), or 10 uM
MK-801 (N-methyl-D-aspartate [NMDA] receptor antagonist)
for 1 hour, and then they were incubated in the presence of
100 mM glutamate for 24 hours. The number of viable cells
was compared between the control and treated conditions. The
culture medium was supplemented with MTT (0.5 mg/mL)
for 3 hours, and then 10% SDS/HCI buffer was added to each
well. The number of viable cells was determined by the mea-
surement of MTT absorbance at 570 nm using a microplate
reader (BioTek Instruments, Winooski, Vermont, USA).

Measurement of calcium influx

To measure the calcium concentration in viable cells,
Fluo-4 AM, a green fluorescent calcium indicator, was used.
SH-SYSY cells were pretreated with vehicle, 20 ug/mL
EGb 761, or 10 uM MK-801 for 1 hour, then the cells were
washed twice in phosphate-buffered saline (PBS) and stained
in the dark with 10 uM Fluo-4 AM for 1 hour at 37°C. Cells
were washed twice in PBS and exposed to 100 mM glutamate
for 1 hour in Locke’s buffer. Cells were then centrifuged at
1,000 rpm and resuspended in PBS, and the fluorescence
intensity of cells, representing the cytosolic calcium con-
centration, was measured using the BD FACSCalibur flow
cytometer (BD, Franklin Lakes, NJ, USA).

Western blotting experiment and analysis
SH-SYSY cells were pretreated with vehicle, 20 pg/mL
EGb 761, or 10 uM MK-801 for 1 hour, and then they
were incubated in the presence of 100 mM glutamate for
24 hours. In TBP-expressing cells (TBP/36Q-enhanced
green fluorescent protein [EGFP] or TBP/79Q-EGFP cells),
the cells were pretreated with vehicle and 20 pug/mL EGb
761 for 1 hour, and 10 pg/mL doxycycline was added to
induce TBP/36Q or TBP/79Q expression for 5 days. Cells
were harvested and lysed in radioimmunoprecipitation
assay buffer (50 mM Tris—HCI, 150 mM NaCl, 6 mM
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sodium deoxycholate, 1% NP-40, pH 7.4) supplemented
with protease inhibitors (Hoffman-La Roche Ltd., Basel,
Switzerland) on ice for 10 minutes. Cell lysates were
sonicated and centrifuged at 13,000 rpm for 15 minutes at
4°C to collect the supernatants, and protein concentration
was measured using the BCA Protein Assay Kit (Thermo
Fisher Scientific). Proteins were separated on 12.5% or
15% SDS polyacrylamide gels, and they were transferred
to polyvinylidene difluoride membranes. The antibodies
used in this study were B-actin, calpain 2, Bax, Bcl-2,
cleaved caspase 3, cleaved PARP, transcription factor II D,
and o-spectrin (Cell Signaling Technology). Antibodies
were detected by suitable HRP-conjugated secondary
antibody, protein-immunoreactive bands were visualized
by the enhanced chemiluminescence substrate (EMD
Millipore), and the band intensities were quantified with the
ImagelJ analysis software (Version 1.48t; Wayne Rasnabd,
Washington, DC, USA).

Animals

SCA 17 transgenic mice in the experiment were obtained
from the laboratory of Professor HM Hsieh-Li (National
Taiwan Normal University, Taipei City, Taiwan, Republic
of China).!® They were generated with the mutant hTBP
gene driven by the Purkinje-specific protein (Pcp2/L7) gene
promoter. The mice with the expanded hTBP allele developed
ataxia within 2—5 months. They were identified using poly-
merase chain reaction with a forward primer from the Pcp2/L7
promoter (L7-F: 5-TATGGTGAGAGCAGAGATGG-3")
and a backward primer from hTBP ¢cDNA (hTBP-3R:
5’-CTGCTGGGACGTTGACTGCTG-3"). SCA 17 trans-
genic mice and their wild-type (FVB/N mice) were housed
in a temperature-controlled environment at 22°C+2°C with
a 12-hour light/dark cycle. All mice were housed and main-
tained on a 12:12-hour light—dark cycle with water and food
ad libitum. Two groups of three transgenic mice each and
littermates received water vehicle or 100 mg/kg EGb 761
intraperitoneally every other day from the age of 4 weeks
to 24 weeks. Animal experiments were approved by the
Institutional Animal Care and Use Committee at the National
Taiwan Normal University.

Rotarod performance

Rotarod performance was used to examine the motor coordi-
nation of SCA 17 transgenic mice. The mice were tested on a
rotarod apparatus (Ugo Basile, Varese, Italy) starting at 5 rpm
and accelerating to 15 rpm over a period of 2 minutes and then
maintaining a constant speed of 15 rpm for 2 minutes. The
mice were rested for 30 minutes between trials and trained

at 5 rpm for 10 minutes/day for 3 days at 8 weeks of age to
become acquainted with the rotarod apparatus. Then, they
were tested three times a week from the age of 9 weeks to
24 weeks, and the latency period was recorded before the
mice fell off the rotating rod.

Immunohistochemistry

Wild-type and SCA 17 transgenic mice were cardiac per-
fused first with PBS and then fixed with 4% formaldehyde
(EM grade) at the age of 24 weeks. Cerebellar specimens
were then embedded in paraffin, cut into sections (5 um),
and placed on adhesion microscope slides (Thermo Fisher
Scientific). By using the heat-induced epitope retrieval
method, the sections were separately stained at room tem-
perature for 1 hour with antibodies of calbindin (1:500;
Cell Signaling Technology) or TBP (1:1,000; Santa Cruz
Biotechnology Inc.). Detection was performed by incuba-
tion with biotinylated secondary antibodies (Novolink™
Polymer Detection System I; Leica Microsystems, Wetzlar,
Germany), for 30 minutes at room temperature, fol-
lowed by 30-minute incubation with avidin—biotin—-HRP
complex (Novolink™ Polymer Detection System 1).
Visualization was performed with 3,3’-diaminobenzidine
Chromogen (Novolink™ Polymer Detection System 1) and
counterstained with hematoxylin (Novolink™ Polymer
Detection System 1) following the supplier’s protocol.

Statistical analysis

Statistical analyses were performed with Student’s #-test or
one-way analysis of variance test (using Bonferroni’s test
for post hoc comparisons) where appropriate, and the results
are shown as mean = standard error of mean values. Results
were considered significant at P<<0.05.

Results
The effect of EGb 761 on glutamate-

induced cytotoxicity

Glutamate is the major excitatory neurotransmitter in the
central nervous system, but high levels of released glutamate
can cause neuronal dysfunction via the activation of NMDA
receptors, and then inducing excitotoxicity in the cells.!®!”
To examine whether EGb 761 alleviates excitotoxicity, SH-
SYS5Y cells were pretreated with various concentrations of
EGb 761 (0-20 pg/mL) for 1 hour followed by an incubation
with glutamate (100 mM) for 24 hours, and finally the cell
viability was measured using the MTT assay. Cell survival
was significantly increased in the presence of 20 pg/mL EGb
761 or the NMDA receptor antagonist MK-801 (10 uM;
Figure 1A).
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Figure | Protective effects of EGb 761 in glutamate-induced excitotoxicity of SH-SY5Y cells.

Notes: (A) Viability of SH-SY5Y neuroblastoma cells is measured after 24 hours of glutamate treatment (Glu, 100 mM). EGb 761 (5-20 ug/mL) is added in the presence of
glutamate. MK-801 (10 uM) is an NMDA receptor antagonist, which is used as positive control for the glutamate-induced cell death. (B) Representative images of Fluo-4 AM
(FL1) labeling of SH-SY5Y cells analyzed by flow cytometry. (C) Cells are harvested after glutamate treatment for 24 hours and immunoblotted with the anti-calpain 2 and
anti-ai-spectrin antibodies (left panel). Expression of calpain 2 is normalized for the internal control actin, and data (mean * SEM, n=3) are presented as the relative intensity

of calpain 2 (right panel). *P<<0.05; **P<<0.01.

Abbreviations: NMDA, N-methyl-D-aspartate; SBDPs, spectrin breakdown products; SEM, standard error of the mean; Ctrl, control.

EGb 761 suppressed the calcium influx
induced by glutamate

To assess whether the cell death is triggered by the exces-
sive calcium influx induced by glutamate, Fluo-4 AM was
used to measure the amount of intracellular calcium using
flow cytometry. Calcium concentration was increased after
glutamate treatment, and EGb 761 (20 pg/mL) or MK-801
(10 uM) decreased calcium concentration in the glutamate-
treated cells (Figure 1B). The calcium influx induced by
glutamate increased the expression of calpain 2 and the
amount of its specific spectrin breakdown products (SBDPs)
which are cleaved by calpains.'® Similarly, our results showed
that glutamate increased the expression of calpain 2 and the
amount of SBDPs; however, EGb 761 or MK-801 treatment
decreased the expression of calpain 2 or the amount of SBDPs
remarkably (Figure 1C). Therefore, EGb 761 ameliorated the
glutamate-induced excitotoxicity through the inhibition of
calcium overloading.

EGb 761 inhibits glutamate-mediated
apoptosis

To examine the effect of EGb 761 on its downstream
mediators related to calcium accumulation, we examined the
expression of caspase 3 and PARP, which play an important
role in neuronal cell death. After 24 hours of exposure to
20 ug/mL EGb 761 or 10 uM MK-801, caspase 3 decreased
by 63.8% and 80.1%, whereas PARP decreased by 48.7%
and 62.5%, respectively (Figure 2A and B). Then, we studied
the effect of EGb 761 on Bcl-2 expression as Bcl-2 plays
an important physiological role in neuronal activity, the
regulation of intracellular calcium levels, and mitochondrial
dynamics." A profound decrease was found in the expres-
sion of Bcl-2 after a treatment with glutamate, whereas
MK-801 and EGb 761 pretreatment significantly reversed
the decrease in Bcl-2 expression (Figure 2C). Meanwhile,
the ratio of Bel-2 and Bax was significantly increased after
MK-801 or EGb 761 administration, and the cytosolic release

submit your manuscript

726

Dove

Drug Design, Development and Therapy 2016:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

EGb 761 inhibits excitotoxicity in SCA |7 mice

A
Glu (100 mM) - + + +
MK-801 (10 uM) - - + —
EGb 761 (20 pg/mL) - - - +
Cleaved
caspase 3
Actin
B
Glu (100 mM) - + + +
MK-801 (10 uM) - - + —
EGb 761 (20 pg/mL) - - - +
Cleaved
PARP | e = a— |
Actin |— e S -l
¢ Glu (100 mM) - + + +
MK-801 (10 uM) - - + -
EGb 761 (20 pg/mL) - - - +

Bol-2 »

e ———
51 | emm——

=N
[&)]

s

=N
l\)

Intensity
(relative to control)

OOOO’LO

Ctrl Glu MK 801 EGb 761
+ Glu
*%k
= 10 —
o *
E 8 L —
>0
=0
7] 6r
S 2
227
8 2|
[
=
Ctrl Glu MK-801 EGb 761
+ Glu
D
Cytosol
Glu (100 mM) - + + +
MK-801 (10 pM) - - + -
EGb 761 (20 yg/mL) - - - +

Cytochrome C

Actin

— —— —

Figure 2 Treatment with EGb 761 downregulates apoptosis markers induced by glutamate.

Notes: Western blot for cleaved caspase 3 (A), and cleaved PARP (B) after glutamate treatment of 24 hours (left panel). Relative intensities of cleaved caspase 3 and cleaved
PARP are presented in the right panel (mean £ SEM, n=3). (C) Protein expression of Bcl-2 and Bax is detected after a treatment with glutamate for 12 hours. The relative
ratio of Bcl-2 and Bax is normalized to the actin control. (D) Immunoblotting is performed on cytoplasmic extracts using an anti-cytochrome C antibody after a glutamate

treatment for 12 hours. Actin is used as an internal control. *P<<0.05; **P<<0.01.

Abbreviations: PARP, poly(adenosine diphosphate-ribose) polymerase; SEM, standard error of the mean; Ctrl, control.

of mitochondrial cytochrome C induced by glutamate was
suppressed (Figure 2D). Therefore, the cytosolic calcium
accumulation induced by glutamate triggered a caspase-
dependent cell death that was rescued by MK-801 or EGb
761 through the regulation of Bcl-2 expression.

EGb 761 attenuates TBP/79Q aggregation
and apoptosis in the TBP/79Q-EGFP cells

To determine the neuroprotective effects of EGb 761 in the
cellular model of SCA 17, the expression of TBP contain-
ing 36 or 79 glutamines fused to EGFP (TBP/36Q-EGFP
and TBP/79Q-EGFP cells) was induced by doxycycline in

SH-SYS5Y cells. The levels of cleaved caspase 3 and PARP
were increased in the TBP/79Q-EGFP cells, but not in the
TBP/36Q-EGFP-expressing cells. EGb 761 decreased the
expression of cleaved caspase-3 and PARP by 65.5% and
41.2%, respectively, after the induction of TBP/79Q-EGFP
cells (Figure 3A and B). Pretreatment with EGb 761 inhibited
TBP aggregation by 59.9% in the TBP/79Q-EGFP cells,
and no green fluorescent protein aggregation was visible
in the TBP/36Q-EGFP cells (Figure 4A). Furthermore, an
SDS-insoluble aggregation was detected by the dot blot filter
retardation assay stained with a TBP-specific antibody; EGb
761 reduced TBP aggregation by 58.5% in the SDS-insoluble
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Relative intensities of cleaved caspase 3 and cleaved PARP are presented in the lower panel (mean £ SEM, n=3). ¥P<<0.05; **P<<0.01.

Abbreviations: PARP, poly(adenosine diphosphate-ribose) polymerase; SEM, standard error of the mean; TBP, TATA box-binding protein; Ctrl, control; Dox, doxycycline;
GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Figure 4 Suppression of protein aggregation by EGb 761 in the TBP/79Q-EGFP cells.

Notes: (A) Representative images of protein aggregation (arrows) in TBP-expressing cells. Cells are induced for 5 days using doxycycline to express TBP/36Q-EGFP or
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Abbreviations: EGFP, enhanced green fluorescent protein; GFP, green fluorescent protein; SDS, sodium dodecyl sulfate; SEM, standard error of the mean; TBP, TATA
box-binding protein; TFIID, transcription factor Il D; Dox, doxycycline.

728 submit your manuscript Drug Design, Development and Therapy 2016:10

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

EGb 761 inhibits excitotoxicity in SCA 17 mice

materials of TBP/79Q-EGFP cells (Figure 4B). Overall,
these results suggest that apoptosis is activated by TBP/79Q
aggregation, and EGb 761 decreases apoptosis by inhibiting
TBP/79Q aggregation.

EGb 761 ameliorated the motor function
of the SCA 17 transgenic mice

Cerebellum plays an important role in motor control, and it is
the brain region most affected by SCAs. In the present study,
100 mg/kg EGb 761 was administrated intraperitoneally that
there was no observed effect on embryo—fetal development
in mice? and was also used for in vivo study of neurodegen-
erative disease.?’”> To examine whether EGb 761 improves
motor function in the SCA 17 transgenic mice, we examined
the highly abundant cerebellar Purkinje cells using calbindin
staining at the age of 24 weeks.”*?* The Purkinje cells of the
wild-type mice formed a compact layer, but the alignment of
Purkinje cells was disrupted in the SCA 17 transgenic mice.
The disrupted stratification was restored by the EGb 761 treat-
ment in the SCA 17 transgenic mice (Figure 5A). Furthermore,
EGb 761 inhibited TBP aggregation in the SCA 17 transgenic
mice (Figure 5B). The impairment of motor functions in the
SCA 17 transgenic mice was observed at the age of 11 weeks
as demonstrated by the rotarod experiments that analyze
motor coordination (Figure 5C). For 20 weeks, 100 mg/kg
EGD 761 was administered intraperitoneally every other day
to the SCA 17 transgenic mice from the age of 4 weeks. We
observed that the EGb 761-treated SCA 17 transgenic mice
showed increased rotarod performance by 64.8% and 54.7%
compared with the untreated SCA 17 transgenic mice at the
age of 15 weeks and 17 weeks, respectively (Figure 5C).

A WT

Calbindin

1TBP18 o i

Figure 5 (Continued)

To determine whether calcium homeostasis is disrupted
in the SCA 17 transgenic mice, the cerebellar extracts were
examined for SBDPs generated by calpains. The amount
of calpain-specific SBDPs was increased in the cerebellum
of the SCA 17 transgenic mice, but it was decreased in the
EGD 761-treated SCA 17 transgenic animals (Figure 5D).
To conclude, we observed the impairment of motor function
and the activation of intracellular calcium signaling in the
cerebellum of the SCA 17 transgenic mice that were attenu-
ated by EGDb 761, suggesting that EGb 761 ameliorates motor
dysfunction by inhibiting the abnormal calcium signaling and
TBP aggregation in the SCA 17 mice.

Discussion
In the present study, we examined the molecular mechanisms
of EGb 761 treatment in decreasing cell death caused by
excitotoxicity. Our results show that EGb 761 inhibits the
glutamate-induced apoptosis in SH-SY5Y cells through the
suppression of excessive calcium influx and subsequent inhi-
bition of excitotoxicity and cell death demonstrated by the
decreased expression of cleaved caspase 3 and PARP. Exces-
sive influx of calcium is implied in neurodegenerative diseases
and results in excitotoxicity and subsequent neuronal injury.
Furthermore, EGb 761 was protective against cell death induced
by calcium overloading in vitro (Figures 1 and 2) and in vivo.
EGb 761 decreased the amount of calpain-specific SBDPs in
the cerebellum of the SCA 17 transgenic mice (Figure 5B). This
observation suggests that EGb 761 may decrease calcium over-
loading in SCA 17 and rescue neuronal cells from injury.
Patients with SCA 17 develop a variety of neuroanatomical
abnormalities, including the formation of neuronal inclusions
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Figure 5 Protective effects of EGb 761 in the SCA |7 transgenic mice (TG).
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Notes: (A) Calbindin immunostaining reaction developed with DAB in the cerebellar vermis of WT and SCA 17 transgenic mice. (B) IHC staining with ITBP18 in vermis
of WT (arrows) and SCA |7 transgenic mice. The images in (B) represent the area shown by the red rectangles in (A). (C) The latency to fall is recorded every week
(9-24 weeks) in the accelerating rotarod test. (D) The cerebellar extracts of mice treated in vivo are immunostained against SBDPs (left panel). Relative intensity of calpain-
specific SBDPs is presented in the right panel (mean + SEM, n=3). ¥*P<<0.05; **P<<0.01.
Abbreviations: DAB, 3,3’-diaminobenzidine; IHC, immunohistochemistry; SBDPs, spectrin breakdown products; SCA 17, spinocerebellar ataxia type 17; SEM, standard

error of the mean; TBP, TATA box-binding protein; WT, wild type.

and neuronal loss affecting particularly the Purkinje cells of
the cerebellum, and subsequent cerebellar atrophy. A previous
study also indicated that quality control may be inefficient for
polyQ proteins, and one of the therapeutic strategies suggested
is to assist the correct folding of polyQ proteins to reduce
aggregation.>*?¢ The aggregation of misfolded proteins has
been documented in polyQ diseases such as Huntington’s
disease, Alzheimer’s disease, and SCA 3. The present study
demonstrates that EGb 761 inhibits the SDS-insoluble TBP
aggregation in the TBP/79Q cells (Figures 3 and 4). These
data suggest that EGb 761 alleviates cell toxicity by inhibiting
the TBP/79Q aggregation.

The rotarod performance is used to evaluate motor coor-
dination in animal models. In this study, motor coordination

declined in the SCA 17 transgenic mice compared with
the wild-type mice, and the intraperitoneal administra-
tion of EGb 761 improved the rotarod performance of the
SCA 17 transgenic mice at the age of 15 weeks and 17 weeks
(Figure 5C), but rotarod performance was not significantly
increased from the age of 18 weeks to 24 weeks. These data
suggest that the motor dysfunction is delayed by the admin-
istration of EGb 761 in the SCA 17 transgenic mice.

Conclusion

In conclusion, in vitro application of EGb 761 alleviates
excitotoxicity and the subsequent apoptosis by inhibiting the
apoptotic pathways induced by the aggregation of TBP/79Q.
Moreover, in vivo EGb 761 delays the motor deficit and
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neuropathological alterations found in the SCA 17 transgenic
mice. These data suggest that EGb 761 may be a potential
therapeutic agent for SCA 17.
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