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ABSTRACT

AIM: To study the effect of bilobalide, a terpene ex-
tracted from the leaves of Ginkgo biloba , on beta-amy-
loid peptide fragment 25 — 35 ( AB25 ~ 35 )-induced
PC12 cell cytotoxicity. METHODS: 3-[4,5-Di-
methylthiazol-2-yl ]-2,5-diphenyltetrazolium bromide
and lactate dehydrogenase assay were used to measure
the viability of PCI12 cells.
tive substances were measured to determine lipid peroxi-
dation of cells. Antioxidant enzymes i PCl2 cells
were detected. RESULTS; Treatment of PC12 cells
with AB25 — 35 (100 ymol - L™") for 24 h caused a
great decrease in cell viability ( P < 0.01 compared
with control) . Bilobalide 25 — 100 pmol - L' dose-
dependently attenuated the cytotoxic effect of AR25 —
35. Bilobalide also inhibited AB25 — 35 (100 pmol -
L~!)-induced elevation of lipid peroxidation and de-
CONCLU-

Thiobarbituric acid-reac-

cline of antioxidant enzyme activities.

SION: Bilobalide protected PCI12 cells from AS825 -

35-induced cytotoxicity .

INTRODUCTION

Among the psychiatric illnesses associated with old
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age, Alzheimer disease (AD) has gained increasing im-
portance in recent years. Although biochemical distur-
bances in the neurotransmitter systems and in the glu-
cose metabolism have been detected experimentally and
clinically, drug treatment at this, level has so far met
with limited success. Recently, several placebo-con-
trolled, double-blind, and randomized trials had con-
firmed that a standardized extract of Ginkgo biloba was
effective in mild to moderate dementia of the AD pa-
tients'”) and capable of stabilizing and improving the
cognitive performance and the social functioning of de-
mented patients for 0.5 — 1 year® .  Ginkgo biloba
leaves contain a number of flavonoids (eg, aempferol,
quercetin, . and isorhamnetin derivatives) and terpenes
(eg, ginkgolide and bilobalide) . At present, it is not
known which of the constituents of Ginkgo biloba is/are
responsible for its beneficial effects, although attention

has focused on the flavonoidst®

and ginkgolides, such
as ginkgolide B, a potent platelet-activating factor
(PAF) antagonist. Bilobalide is a sesquiterpene isolat-
ed from Ginkgo biloba leaves. Although this con-
stituent has been well characterized in the chemistry, its
pharmacological properties remain unclear.

AD is characterized histologically by selective neu-
ronal loss, neurofibrillary tangles, and extracelluar de-
posits of insoluble amyloid that form senile plaques.
Although the cause of neuronal death in AD is not
clear, evidence has put beta-amyloid peptide (AB) into
the center of current research. The role of Af as an
essential factor in the degeneration of CNS neurons has
been supported by several studies*~%. In vitro,
AB25 - 35 has been shown to be directly toxic to neu-
rons'”) and be able to increase the vulnerability of neu-
rons to other insults®® . It would be very interesting to
know the effects of bilobalide on the neurotoxicity of
AB. In the present study, the effects of bilobalide on
AB25 — 35-induced cytotoxicity were examined.
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MATERIALS AND METHODS

Materials AB25 — 35 (Sigma Chemical Co)
was dissolved in deionized water, and stored in aliquots
at —20 C. To obtain the neurotoxic form of AB25 —
35, the peptide solution was placed in an incubator at
37 C for 7 d?. 3-[4,5-Dimethylthiazol-2-yl ]-2, 5-
diphenyltetrazolium bromide (MTT) and 2-thiobarbi-
wric acid (TBA), were purchased from Sigma Chemi-
cal Co. Bilobalide was provided by Prof CHEN
Zhong-Liang ( Department of Phytochemistry, Shanghai
Institute of Materia Medica, Chinese Academy of Sci-
ences). The purity of this compound was 98 %
(HPLC), and the electronic impact mass spectrum
(EIMS) and 'H-nuclear magnetic resonance spectrum
("H-NMR) spectra were the same as previous report(®) .
The
concentration of ethanol in the final culture media was
=<0.1 % that itself had no toxic effect in PC12 cells.

Cell culture and treatment PCI12 cells were
cultured at 37 C in a humidified CO,(5 %) incubator
in Dulbecoo’s modified Eagle’s medium (DMEM) sup-
plemented with fetal bovine serum (10 % ), ben-
zylpenicillin (100 kKU-L"'), and streptomycin ( 100
mg:L™"). Cells (1 x 10* cells in 100 pL culture
medium each well) in a 96-well plate were used for
MTT assay. For lactate dehydrogenase (LDH) re-
lease, lipid peroxidation, and antioxidant enzyme activ-
ity measurement, cells (7 x 10° cells in 2 mL culture
medium each well) were cultured in 6-well plates. At
the time of experiment, cells were first changed into
serum free medium, then AB25—-35 (100 pmol-L™*)
and different concentrations of bilobalide were added si-
multaneously for 24 h.

MTT assay After cells were treated with AB25
~35 (100 pmol-L~") and different concentrations of
bilobalide for 24 h, MTT solution (0.5 g+L~!) was
added to each culture well. After incubation at 37 C
for an additional 4 h, the formazan crystals were dis-
solved by addition of 100 uL. 10 % SDS -5 % isobu-
tanol —0.12 % HCl (w:v:v). Plates were incubated
at 37 C overnight, and the absorbance was measured at
570 nm using an ELISA plate reader.

LDH release assays LDH activity in the extra-
cellular medium was measured using a commercial kit
(Jiancheng Institute of Biotechnology, Nanjing, Chi-
na), where the colorimetric assay measures the pyru-

Bilobalide was dissolved in ethanol before use.

vate-mediated conversion of 2,4-dinitrophenylhydrazine
into a visible hydrazone precipitate. Percent of LDH
release was expressed as (LLDH release in supernatant/
maximal release) x 100 % . Where the maximal re-
lease was obtained after exposure of untreated culture to
0.2 % Triton X-100 at 37 C for 15 min.

Lipid peroxidation The lipid peroxidation of
cells was determined by measuring thiobarbituric acid-
reactive substances (TBARS) . Cells were lysed with 4
mL fulric acid (0.167 mol-L~') and 0.5 mL 10 %
phosphotungstic acid, then centrifuged at 4000. x g for
10 min. The precipitation was resuspended with 1.5
mL distilled water and 0.5 mL TBA reagent [1:1 (v:
v) mixture of 0.67 % TBA and acetic acid]. The re-
action mixture was heated at 95 C for 1 h. After
cooling, 2 mL of n-butanol were added, and the mix-
ture was shaken vigorously for 30 s. After centrifuga-
tion at 3000 x g for 10 min, the n-butanol layer was
for fluorometric measurement with A, 515 nm and A,
553 nm, using a fluorescence spectrophotometer. The
value of fluorescence was calculated by comparing with
standards prepared from 1, 1, 3, 3-tetracthoxypropane
(TMP). :

Antioxidant enzyme activity assays The ac-
tivities of antioxidant enzymes in PC12 cells were deter-
mined with commercial kits purchased from Jiancheng
Institute of Biotechnology (Nanjing, China). The as-
say for total superoxide dismutase (SOD) was based on
its ability to inhibit the oxidation of oxymine by the
xanthine-xanthineoxidase system. The red product
(nitrite) produced by the-oxidation of oxymine had ab-
sorbance at 550 nm. One unit of SOD activity was de-
fined as the amount that reduced the absorbance at 550
nm by 50 % .

The assay of catalase activity was based on its
ability to decompose H,O,. The absorbance of super-
natant at 254 nm changed when the H,O, solution was
injected into the cuvette. The change of the ab-
sorbance reflected the catalase activity .

The activity of glutathione peroxidase (GSH-PX)
was determined by quantifying the rate of H,O,-induced
oxidation of reduced glutathione ( GSH) to oxidized
glutathione (GSSH). A yellow product which had ab-
sorbance at 412 nm could be formed as GSH reacted
with dithiobisnitrobenzoic acid. One unit of GSH-PX
was defined as the amount that reduced the level of
GSH by 1 gmol-L~! in one minute per mg protein.
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Statistical analysis Statistical analysis of the
data for multiple comparisons was performed by ANO-
VA followed by Dunnett’s test. For single compari-
son, the significance of differences between means was

determined by t-test.

RESULTS

Effect of bilobalide on AB25 - 35-induced
cytotoxicity = When PC12 cells were treated with
ABR25-35 (100 umol-L~') for 24 h, an obvious de-
crease of MTT obsorbance was observed (compared
with the control without AB25 — 35 treatment, P <
0.01). The decrease was attenuated dose-dependently
by bilobalide while bilobalide alone at dosages of
12.5-100 pmol - L™! did not show any influence on
the viability of PC12 cells (Fig 1) .
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Fig 1. Effect of bilobalide on AB25 - 35-induced cy-
totoxicity in cultured PC12 cells. PC12 cells in
serum free medium were exposed to Ap25 - 35 (100
pmol-L-1) and different concentrations of bilobalide
for 24 'h. Cell viability was measured by the MTT
assay. n = 3 experiments (each done in 3 wells).
Xxs. °P<0.01 vs respective control at “0” point.

At the concentration of 100 pmol-L~!, AR25 - 35
induced an increase of LDH leakage by 3.97 times of
control. Treatment of PCI12 cells with bilobalide si-
multaneously resulted in a dose-dependently decline of
AB25 - 35-induced LDH release (Fig 2) .

Effect of bilobalide on oxidative stress
Treatment of cells with AB25 — 35 100 pmol + L™!
caused an obvious elevation of TBARS [ (220 + 10)
nmol/g protein, P <0.01 compared with control group
(12 +4) nmol/ g protein] . The elevation was inhibit-

ed by bilobalide 12.5 - 100 pmol-L~*(Fig 3).
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Fig 2. Effect of bilobalide on AB25 - 35-induced

LDH release in cultured PC12 cells. PC12 cells in
serum free medium were exposed to AB25 - 35 (100
pmol-L~1) and different concentrations of bilobalide
for 24 h before LDH activity in the culture medium
was measured. n = 3 experiments (each done in 3

wells). ® +s. °P<0.01 vs respective control at
“0" point_
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Fig 3. Effect of bilobalide on AP25 - 35-induced

lipid peroxidation in cultured PC12 cells. After 24-h

- treatment with AB25 - 35 (100 pmol-L-!) and differ-
ent concentrations of bilobalide, the lipid peroxida-
tion of cells was determined by measuring thiobarbi-
turic acid-reactive substances (TBARS). n =3 ex-
periments (each done in 3 wells). x+s. °P<0.05,
P <0.01 vs group treated with Af25 - 35 alone.

Effect of bilobalide on antioxidant enzymes
After PCI12 cells were incubated with AB25 — 35 (100
pmol- L~ 1) for 24 h, obvious decreases of antioxidant
enzymes, SOD, catalase, and GSH-PX were observed
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( P<0.01 compared with corresponding control
groups). Bilobalide dose-dependently attenuated the
decrease of SOD, catalase, and GSH-PX (Tab 1) ..

DISCUSSION

In our study, MTT and LDH release assay were
used to measure the viability of PC12 cells. In agree-
ment with previous studies'®'"), our results indicated
that AB25 — 35 caused a great decrease of the reduction
of MIT by mitochondria. Our results showed that
bilobalide could protect PC12 cells from the insult of
mitochondria. The results were further confirmed by
the assay of LDH release.

Strong evidence has shown that free radicals in-
duced by AR play a very important role in Af neurotox-
icity'6-12).
peroxidation in rat primary cortical®, hippocampal
culturest*) , and rat neuronal cell lines!™® . In the pre-
sent study, we found that bilobalide inhibited AB25 —
35-induced elevation of TBARS. The results suggest
that superoxide scavenging effect!'31) may underlie the
protective effect of bilobalide.

It has been shown that under damaging conditions

AB has also been shown to increase lipid

such as ischemia or oxidative stress, the activities of
antioxidant enzymes increased'”’, although studies in
AD patients have not shown a consistent result!'®) . In
our study, we found that the activities of antioxidant
enzymes (total SOD, catalase, GSH-PX) in cultured
PC12 cells were reduced remarkably by 24-h treatment
with AB.  Our results that the inhibitory effect of A8
on antioxidant enzymes could be attenuated by bilob-
alide suggest that the ability of bilobalide to preserve the

antioxidant enzyme activities may contribute its neuro-
protective effect. This hypothesis was supported by the
finding!!* that clonal cell lines with greater antioxidant
enzyme levels possessed greater resistance to A toxicity
than the normal cell lines did.

In summary, our results demonstrated that A325 —
35 induced a decrease in cell viability, an elevation of
lipid peroxidation, and a decline of antioxidant enzyme
activities. Bilobalide inhibited the AB25 — 35-induced
decrease in cell viability, elevation of lipid peroxida-
tion, and decline of antioxidant enzyme activities. Al-
though the exact mechanism by which bilobalide acts
remains unknown, our results suggest that the effects of
bilobalide on mitochondria and antioxidant enzymes are
involved in its neuroprotective effects.
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