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Abstract

Background: The early stages of Alzheimer's disease (AD) are closely associated with the
production of the AB,_,, peptide, loss of synapses and gradual cognitive decline. Since some
epidemiological studies showed that EGb 761, an extract from the leaves of the Ginkgo biloba tree,
had a beneficial effect on mild forms of AD, the effects of some of the major components of the
EGb 761 extract (ginkgolides A and B, myricetin and quercetin) on synapse damage in response to
AB,|_4, were examined.

Results: The addition of AB,_y, to cortical or hippocampal neurons reduced the amounts of cell
associated synaptophysin, a pre-synaptic membrane protein that is essential for neurotransmission,
indicating synapse damage. The effects of AP,_4, on synapses were apparent at concentrations
approximately 100 fold less than that required to kill neurons; the synaptophysin content of
neuronal cultures was reduced by 50% by 50 nM A, _,. Pre-treatment of cortical or hippocampal
neuronal cultures with ginkgolides A or B, but not with myrecitin or quercetin, protected against
AB|_g-induced loss of synaptophysin. This protective effect was achieved with nanomolar
concentrations of ginkgolides. Previous studies indicated that the ginkgolides are platelet-activating
factor (PAF) receptor antagonists and here we show that AB,_4,-induced loss of synaptophysin
from neuronal cultures was also reduced by pre-treatment with other PAF antagonists (Hexa-PAF
and CV6209). PAF, but not lyso-PAF, mimicked the effects AP,_,, and caused a dose-dependent
reduction in the synaptophysin content of neurons. This effect of PAF was greatly reduced by pre-
treatment with ginkgolide B. In contrast, ginkgolide B did not affect the loss of synaptophysin in
neurons incubated with prostaglandin E,.

Conclusion: Pre-treatment with ginkgolides A or B protects neurons against AP, 4,-induced
synapse damage. These ginkgolides also reduced the effects of PAF, but not those of prostaglandin
E,, on the synaptophysin content of neuronal cultures, results consistent with prior reports that
ginkgolides act as PAF receptor antagonists. Such observations suggest that the ginkgolides are
active components of Ginkgo biloba preparations and may protect against the synapse damage and
the cognitive loss seen during the early stages of AD.
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Background

Alzheimer's disease (AD) is a complex and genetically het-
erogeneous disease that is the most common form of
dementia and affects up to 15 million individuals world-
wide. The amyloid hypothesis of AD pathogenesis main-
tains that the primary event is the production and
accumulation of amyloid-B (AB) peptides, derived from
abnormal proetolytic cleavage of the amyloid precursor
protein [1-3]. The accumulation of Ap peptides leads to
the subsequent disruption of neuronal processes, abnor-
mal phosphorylation of tau and ultimately the dysfunc-
tion and death of neurons. However, the precise
mechanisms by which AB peptides lead to neuronal dam-
age remain to be fully determined. Initially it was thought
that fibril formation by AP peptides was required for neu-
rotoxicity [4], however, more recent studies showed that
smaller soluble oligomers of AB or AB-derived diffusible
ligands are also potent neurotoxins [5,6].

The early stages of AD are characterised by memory
impairment and subtle behavioural changes, associated
with changes in synaptic function and a reduction in the
levels of synaptophysin, a presynaptic membrane protein
essential for neurotransmitter release and the recycling of
synaptic vesicles [7], within the brain. These occur before
any gross neurological damage is observed [8-10]. The
loss of synapses and the reduction in synaptophysin levels
are features of AD that strongly correlate with cognitive
decline [11]. We previously developed an in vitro model to
examine the effects of AR peptides on synapses where the
amounts of synaptophysin in neuronal cultures were
measured as a surrogate marker of synapse function. The
addition of AB,_,, reduced the synaptophysin content of
neurons indicating the loss of synapses in these cultures
[12]. In this paper, a possible mechanism leading to Af,_
4p-induced loss of synaptophysin from neuronal cultures
was investigated.

Extracts from the leaves of the Ginkgo biloba tree are
becoming increasingly popular as a treatment that is
claimed to reduce memory loss and the symptoms of mild
cognitive disorders including AD [13-15]. However, there
remains considerable controversy regarding the mecha-
nisms of action of these preparations, or even whether
such preparations have any clinical benefit. While some
published studies conclude that the use of a standardized
extract of the leaves of the Ginkgo biloba tree (EGb 761)
reduces the symptoms of mild cognitive disorders includ-
ing AD [13,16], other studies have failed to show clinical
benefit [17]. Since the EGb 761 extract contains many
compounds, including ginkgolides and the flavonoglyco-
sides myricetin and quercetin, it is not clear which indi-
vidual components of this extract are efficacious. Our
previous studies showed that pre-treatment with
ginkgolides protected against AP,_4,-induced neuronal
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death [18] and in the current study we tested the main
compounds in the EGb 761 extract on cultured neurons
and for their effects on synapse damage in response to
AB,_,,- We report that pre-treatment of cultured neurons
with ginkgolides A or B significantly reduced the effects of
AB;_4, On synapses.

Results

Ginkgolides protect against Af,_4,-induced synapse
damage

Here we report that both AB,_,, and AB,_,, peptides, but
not the control peptide AB,, ;, reduced the synaptophysin
content of cortical neurons in a dose-dependent manner.
While the synaptophysin content of cortical neurons was
reduced by 50% by 50 nM AB,_,,, much higher amounts
of AB,_40 (2 uM) were required to have the same effect
(Figure 1). The effects of AR peptides on synapses were
apparent at concentrations that did not affect neuronal
survival. Since AB,_,, was the more potent peptide at dam-
aging synapses, all further experiments were carried out
using this peptide. Greater than 90% of this activity
remained after AP, ,, preparations were passed through a
100 Kd filter, or after high speed centrifugation (data not
shown), suggesting that the AP species responsible were
small soluble oligomers or proto-fibrils rather than the
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Figure |

Ap,_4; causes a dose-dependent reduction in the syn-
aptophysin content of neurons. The synaptophysin con-
tent of cortical neuronal cultures treated for 24 hours with
varying concentrations of AB,_4, (solid circle), APy, , (hollow
circle) or AB,_4 (solid triangle). Values shown are the mean
synaptophysin content * SD from 12 observations.
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larger insoluble fibrils which this peptide sometimes
forms.

To determine if treatment with individual components of
Gingko biloba extracts could modify the effects of AB,_,,,
cortical neurons were pre-treated with different concentra-
tions (0.001 to 10 uM) of the ginkgolides A or B, or the
flavanoglycosides (quercetin or myricetin) before the
addition of 200 nM A,_,,. Treatment of neuronal cul-
tures with these concentrations of ginkgolides A or B,
myricetin or quercetin did not affect their synaptophysin
content showing that these compounds alone do not
damage synapses or stimulate synaptogenesis. Pre-treat-
ment with either ginkgolide A or B reduced the effects of
AP, _4, on the synaptophysin content of neuronal cultures
(Figure 2). These effects were dose-dependent and the
EDs, (the concentration of drug that increased synapto-
physin content by 50% in AfB,_,,-treated neurons) was 40
nM for ginkgolide A and 10 nM for ginkgolide B. Pre-treat-
ment with either quercetin or myricetin did not affect the
loss of synaptophysin induced by AB,_,,.
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Figure 2

Effects of individual Ginkgo biloba components on
AB,_sp-induced loss of synaptophysin. The synapto-
physin content of cortical neuronal cultures pre-treated for 3
hours with varying concentrations of ginkgolides A (hollow
circle) or B (solid circle), myricetin (solid squares) or querce-
tin (hollow squares) and subsequently incubated with 200 nM
AB,_4, for 24 hours. Values shown are the mean synapto-
physin content + SD from 6 observations.
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The synaptoprotective effect of ginkgolide B was competi-
tive; while the concentration of AB,_,, required to reduce
the synaptophysin content of untreated neurons by 50%
was 50 nM, 8 uM AB,_,, was required to have the same
effect in neurons treated with 1 uM ginkgolide B (Figure
3). This effect of ginkgolide B required pre-treatment;
there was no significant difference between the amount of
synaptophysin in neuronal cultures incubated with 200
nM AB,_,, and neuronal cultures in which 1 pM
ginkgolide B was added to neurons 30 minutes after the
addition of 200 nM AB,_,, (27 units + 5v30+4,n=6,P
> 0.05).

The effects of ginkgolide B were not confined to cortical
neurons; the amounts of synaptophysin in hippocampal
neuronal cultures were also reduced by AB,_,,. The
amount of AB,_,, required to reduce the synaptophysin
content of hippocampal neuronal cultures by 50% was 10
nM. Pre-treatment with 1 pM ginkgolide B resulted in
AB,_,, having a significantly reduced effect on the
amounts of synaptophysin in hippocampal cultures; in
these cultures the amount of A, ,, required to reduce
synaptophysin content by 50% was increased to 4 pM

(Figure 4).
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Figure 3

Ginkgolide B protects cortical neurons against Af,_
s2-induced loss of synaptophysin. Primary cortical neu-
rons were pre-treated for 3 hours with control medium
(solid circle) or with | uM ginkgolide B (hollow circle) and
subsequently incubated for 24 hours with different concen-
trations of AP,_4, as shown. Each point represents the mean
synaptophysin content * SD from 9 observations.
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Figure 4

Ginkgolide B protects hippocampal neurons against
Ap,_4,-induced loss of synaptophysin. The synapto-
physin content of untreated hippocampal neurons (solid cir-
cle) or hippocampal neurons pre-treated for 3 hours with |
1M ginkgolide B (hollow circle) and subsequently incubated
with different concentrations of AB,_4, for 24 hours as
shown. Values shown are the mean synaptophysin content
SD from 9 observations.

Ginkgolides do not dffect the binding of Aj,_4, to neurons
The hypothesis that ginkgolide-treated neurons bind less
AB,_,, was tested by treating cortical neurons with bioti-
nylated-AB,_,,. Firstly, we tested whether biotinylation
affected the activity of the AB,_,, peptide; there were no
significant differences in the synaptophysin content of
neuronal cultures treated with 200 nM AfB,_,, and 200 nM
biotinylated-AB;_,, (28 units + 4v27 + 5,n =6, P> 0.05).
Next, cortical neurons were treated with 1 uM ginkgolides
A or B prior to the addition of 200 nM biotinylated-Af;
1 Neuronal extracts were collected at different time
points after the addition of peptide and the amounts of
cell bound biotinylated-AB,_,, were measured. The
amounts of biotinylated-AB, ,, increased in a time-
dependent manner over the first hour, but showed no sig-
nificant increases thereafter. There were no significant dif-
ferences in the amounts of biotinylated-Ap,_,, ingested by
untreated cortical neurons and neurons treated with 1 uM
ginkgolides A or B (Figure 5).

PAF mimics the effects of Af,_4, on synaptophysin levels
Ginkgolides have been reported to antagonise PAF recep-
tors [19] raising the possibility that PAF mediates the syn-

http://www.molecularneurodegeneration.com/content/3/1/1

800 -
8 600 -
S
p—
S 400 1
A
QO 200 1
0 . .
10 30 60
Minutes
Figure 5

Ginkgolides do not affect the incorporation of Af3,_,4,
into neurons. The amounts of biotinylated-Af3,_y, in cell
extracts from untreated neurons (hollow bars) or neurons
pre-treated for 3 hours with ginkgolide A (solid bars) or
ginkgolide B (striped bars) and subsequently incubated with
200 nM biotinylated-A,_4, for the time periods shown. Each
point represents the mean amount of bound biotinylated-
AB,_4, (optical density x 1000) + SD from 9 observations.

apse damage caused by AB,_,,. The addition of PAF, but
not lyso-PAF, mimicked the effects of AB,_,,, and caused
a dose-dependent reduction in the synaptophysin content
of cortical neurons (Figure 6). The synaptophysin content
of cortical neurons was reduced by 50% by 5 nM PAF, a
concentration that did not affect neuronal survival. Pre-
treatment of neurons with 1 pM ginkgolides A or B, but
not with 25 uM myricetin or 25 uM quercetin, reduced the
effects of PAF on the synaptophysin content of neuronal
cultures (Figure 7).

These results are consistent with the hypothesis that
ginkgolides protect synapses via antagonism of PAF recep-
tors. Confirmation of this hypothesis was sought; pre-
treatment with the PAF antagonists, hexa-PAF or CV6209
also caused a dose-dependent increase in the amounts of
synaptophysin in neuronal cultures treated with 200 nM
AB,_,, (Figure 8). Next we examined the effects of pre-
treatment with a combination of ginkgolide B and hexa-
PAF. The amounts of synaptophysin in neuronal cultures
incubated with 200 nM AB,_,, was significantly increased
by pre-treatment with either 10 nM ginkgolide B (25 units
+7v58+3,n=06,P<0.05) or with 10 nM hexa-PAF B
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PAF, but not lyso-PAF, causes a dose-dependent loss
of synaptophysin from neurons. The amounts of synap-
tophysin in cortical neurons treated with different concen-
trations of PAF (hollow circle) or lyso-PAF (solid circle) for
24 hours. Each point represents the mean synaptophysin
content + SD from 9 observations.

(25 units + 7v 67 + 6, n = 6, P < 0.05). Pre-treatment with
the combination of 10 nM ginkgolide B and 10 nM hexa-
PAF increased the synaptophysin content of cultures (74
units + 4).

Ginkgolide B does not protect against PGE,-induced
synapse damage

Since PAF has been shown to increase the production of
PGE, from neurons in vitro [20] the effects of PGE, on syn-
apses was examined. The synaptophysin content of corti-
cal neurons was significantly reduced following the
addition of PGE,, or with two prostanoid E (EP) receptor
agonists (butaprost or misoprostol). Pre-treatment of
neurons with 1 uM ginkgolide B did not protect against
the loss of synaptophysin in neuronal cultures incubated
with 40 nM PGE,, 1 uM butaprost or 1 uM misoprostol.
In contrast, the effects of PAF or AB,_,, on the synapto-
physin content of neuronal cultures were significantly
reduced by pre-treatment with 100 nM AH13205, an EP
receptor antagonist (Table 1).

Discussion

An in vitro model of AB-mediated synapse damage was
used to investigate the effects of individual components of
the Gingko biloba extract EGb 761 on the synapse damage
that occurs in AD. The addition of AB,_,,, and to a lesser
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Figure 7

Ginkgolides A and B protect against PAF-mediated
synapse damage. The synaptophysin content of untreated
neurons (Con) (hollow squares) or neuronal cultures pre-
treated for 3 hours with | pM ginkgolides A or B or 25 uM
myricetin or quercetin (solid squares) as shown and subse-
quently incubated with 25 nM PAF for 24 hours. Values
shown are the mean synaptophysin content * SD from 6
observations.

extent AB;_,,, reduced the synaptophysin content of corti-
cal and hippocampal neuronal cultures. The hippocam-
pus is thought to be involved in the formation of short
term memory, the loss of which is one of the earliest clin-
ical symptoms of AD [10]. In all assays, the effects of A
peptides on the synaptophysin content of neuronal cul-
tures occurred at concentrations significantly lower than
those required to kill neurons. These observation are con-
sistent with in vivo observations that show that a loss of
synapses and a reduction in synaptophysin levels occurs
before any gross neurological damage is observed [8-11].

Although previous studies suggest that the flavonoglyco-
sides have protective properties against oxidative stress in
vitro [14,21], no protective effects of myricetin or querce-
tin against AB;_,,-induced synapse damage were observed
in these studies. Moreover, flavonoglycosides have lim-
ited bioavailability after oral administration [14] suggest-
ing that these compounds are less likely to be responsible
for the protective effects of the EGb 761 extract. In con-
trast, nanomolar concentrations of both ginkgolides A
and B reduced the loss of synaptophysin induced by AB, _
45 in cortical neuronal cultures. Pre-treatment with 1 uM
ginkgolide B increased the amounts of AB,_,, required to
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Figure 8

PAF antagonists protect against Af,_,, induced syn-
apse damage. Cortical neurons were pre-treated with dif-
ferent concentrations of the PAF antagonists Hexa-PAF
(solid circle) or CV6209 (hollow circle) for 3 hours prior to
the addition of 100 nM AB,_4, for 24 hours. Values shown
are the mean synaptophysin content, £ SD, of 9 observa-
tions.

reduce the synaptophysin content of cortical neurons by
50% from 50 nM in untreated neurons to 8 puM in
ginkgolide B-treated neurons. The addition of AB,_,, also
damaged synapses in cultured hippocampal neurons; it
required only 10 nM AB,_,, to reduce the synaptophysin
content of these cultures by 50%. While it is tempting to
suggest that hippocampal neuronal synapses are more
sensitive to AB,_,, than cortical neuronal synapses a direct
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comparison is invalid considering the differences in the
ages of mice used and the number of contaminating astro-
glial cells. In hippocampal neuronal cultures pre-treated
with ginkgolide B over 1 uM AB,_,, was needed to reduce
the synaptophysin content by 50%.

The mechanism of the protective effect of ginkgolides was
sought. We dismissed the simplest explanation, that
ginkgolides reduce the ability of neurons to bind AB pep-
tides, because ginkgolide-treated neurons ingested similar
amounts of biotinylated-Af,_,, as untreated neurons.
AB;_,, peptides exist in different states ranging from small
soluble oligomers or AB-derived diffusible ligands [5,6],
to larger fibrillar structures [4]. Therefore it is possible that
ginkgolides bind directly to AB,_,, peptides and promote
the formation of an inactive conformer. Although this
hypothesis cannot be totally excluded, ginkgolide-treated
cultures that had been washed (which removed any non-
bound ginkgolides) remained resistant to the synapse
damage induced by AB;_,,. We note with interest an
observation that Af fibrillogenesis is accelerated in the
presence of plasma, endosomal and lysosomal mem-
branes, but reduced in Golgi membranes. The authors
suggested that the composition of these membranes
affected AP oligomerisation [22] and the possibility that
ginkgolides affect membrane composition and subse-
quently AP fibril formation within intracellular compart-
ments cannot be excluded.

Since AP peptides activate phospholipase A, (PLA,) [23],
a major step in the production of PAF [24], the possibility
that synapse damage occurs as a consequence of AB,_,,-
induced production of PAF was investigated. PAF recep-
tors are present in synapses [25] and PAF is required for
synapse maintenance [26] and long term potential in the
hippocampus [27]. However, higher concentrations of
PAF are implicated in neurodegenerative diseases includ-
ing AD [28]. Here we report that the addition of PAF
caused a dose-dependent reduction in the synaptophysin

Table I: Ginkgolide B does not affect PGE,-induced loss of synaptophysin.

Synaptophysin content (units)

Pre-treatment

None

None 100 £ 5
AB,_4, (200 nM) 24+ 4
PAF (10 nM) 337
PGE, (40 nM) 41 6
Butaprost (1 pM) 29+5
Misprostal (1 M) 327

Ginkgolide B (1 pM) AH13205 (100 nM)

101 +3 102 +3
93+7 97+ 6
78+ 5 89+8
447 96 + 4
37+ 11 94+7
34+ 6 98 +5

The effects of pre-treatment with ginkgolide B, or with the EP receptor antagonist AH13205 on the synaptophysin content of neuronal cultures
incubated for 24 hours with AB,_y,, PAF, PGE,, or with the EP receptors agonists butaprost or misoprostol as shown. Values shown are the mean

synaptophysin content + SD from 9 observations.
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content of cortical neurons; 5 nM PAF reduced synapto-
physin content by 50%. The effects of PAF are transmitted
via a G-protein coupled receptor [29] and the addition of
lyso-PAF, a non-acetylated structural analogue of PAF that
does not bind to the PAF receptor, did not cause synapse
damage. One of the many reported effects of the
ginkgolides is antagonism of PAF receptors [19] and in the
current study we demonstrated that ginkgolide-treated
neurons were partially resistant to the effects of PAF, as
well as that of AB,_,, on synapses. The synapse-protective
effect of ginkgolide B was consistently stronger than
ginkgolide A, consistent with reports that ginkgolide B has
greater affinity for PAF receptors than ginkgolide A [30].
Pre-treatment with two non-related PAF antagonists,
hexa-PAF and CV6209 [31,32], also protected synapses
suggesting that antagonism of the PAF receptors mediates
the synaptoprotective effects of the ginkgolides. Although
pre-treatment with a combination of ginkgolide B and
hexa-PAF increased the synaptophysin content of cultures
relative to treatment with ginkgolide B or hexa-PAF alone,
their affects appeared to be additive rather than synergis-
tic.

Both AB,_,, and PAF, but not lyso-PAF, increased the pro-
duction of PGE, in cortical neurons in vitro [20] raising the
possibility that the effects of PAF on synapses were medi-
ated through the production of PGE,. While pre-treat-
ment with ginkgolide B reduced both AB,_,, and PAF-
induced production of PGE,, it did not alter the effects of
PGE,, or two EP receptor agonists (butaprost or misopros-
tol), on the synaptophysin content of neuronal cultures.
In contrast, the EP receptor antagonist AH13205 [33] pro-
tected against AP,_,,, PAF and PGE,-induced synapto-
physin loss. These results are consistent with the
hypothesis that ginkgolides protect against AB,_,,-medi-
ated synapse damage by modifying the production of
PGE,. This hypothesis is also consistent with epidemio-
logical data that show that the use of cyclo-oxygenase
inhibitors reduce the severity of AD [34]. We suggest that
activation of PLA, by AB,_,, leads to sustained production
of PAF which in turn increases PGE, production, and that
high concentrations of PGE, damaged synapses. PGE,
modulates synaptic transmission [35] and although high
concentrations were reported to induce apoptosis in hip-
pocampal neurons [36], we found that 10 uM PGE, did
not kill cortical neurons (data not shown). Similarly we
found that although the EP receptor antagonist AH13205
reduced AP, ,,-induced loss of synaptophysin it did not
affect AB,_,,-induced neuronal death (data not shown).

It is worth noting that for many Ginkgo biloba extracts,
extraction procedures are used that optimise the fla-
vonoglycoside content. However, these procedures may
result in extracts that contain different amounts of
ginkgolides, and a recent analysis of commercial Ginkgo
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biloba supplements by liquid chromatography/mass spec-
trometry demonstrated remarkable variations in
ginkgolide content [37]. Therefore, variations in the
ginkgolide content of different extracts may be a factor
that explains the variability of results obtained in clinical
studies.

Conclusion

In summary we show that sub-toxic concentrations of
AP, _4, damaged synapses in cultured cortical and hippoc-
ampal neurons. We propose that these changes model the
early stages of AD, where there are significant behavioural
changes including synaptic dysfunction and alterations in
the development of short-term memory, but before gross
neuronal loss is observed [38]. We report that neurons
treated with ginkgolides A or B show increased resistance
to the effects AP, ,, on synapses. This effect of the
ginkgolides correlated with their ability to antagonise PAF
receptors [30], and in these studies PAF also reduced the
synaptophysin content of cortical neuronal cultures.
Recent studies showed that the bioavailability of
ginkgolides after oral administration is high [14] suggest-
ing that the ginkgolides have the potential to reduce syn-
apse damage in AD should they be able to cross the blood
brain barrier and penetrate the central nervous system.

Methods

Neuronal cultures

Cortical neurons were prepared from the brains of day
15.5 C57BL/6] mouse embryos. After mechanical dissoci-
ation, cell sieving and isolation on histopaque (Sigma,
Poole, UK), neuronal precursors were plated at 2 x 105
cells/well in 48 well plates in Hams F12 containing 5%
foetal calf serum (FCS) for 2 hours. Cultures were then
shaken (600 r.p.m for 5 minutes) and non-adherent cells
removed by 2 washes in phosphate buffered saline (PBS).
Neurons were grown in neurobasal medium (NBM) con-
taining B27 components (Invitrogen, Paisley, UK) for 7
days. Immunostaining showed that the cells were greater
than 97% neurofilament positive. Less than 3% stained
for GFAP (astrocytes) or for F4/80 or CD14 (microglial
cells).

Hippocampal neuronal cultures were prepared from the
brains of adult C57BL/6] mice as previously described
[39]. Briefly, hippocampi were dissected from the adult
brain tissue and triturated with fire-polished pasteur
pipette in Hams F12 containing 5% FCS, 0.35% glucose,
0.025% trypsin, and 0.1% type IV collagenase (Invitro-
gen). After 30-minute incubation at 37°C, the cells were
shaken and the cell suspension was passed through a 100
puM cell strainer (Becton Dickenson). Cells were collected
by centrifugation, washed twice in Hams F12 containing
5% FCS, and plated at 2 x 105 cells/well in 48 well plates
for 24 hours. Cultures were shaken (600 r.p.m for 5 min-
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utes) to remove non-adherent cells, washed twice with
PBS and the remaining cells were cultured in NBM con-
taining B27 components and 10 ng/ml glial-derived neu-
rotrophic factor (Sigma) for 7 days. Immunostaining
showed that after 7 days cultured in NBM less than 5% of
the viable cells stained for GFAP or F4/80 (astrocytes or
microglial cells). Both types of neuronal cultures were pre-
treated with test compounds for 3 hours. Cells were then
washed with PBS 3 times to remove unbound test com-
pounds before the addition of Ap peptides in NBM/B27
components; the amounts of synaptophysin in treated
cultures were measured 24 hours later.

Cell extracts

Treated neurons were washed 3 times with PBS and
homogenised in a buffer containing 150 mM NaCl, 10
mM Tris-HCI, 10 mM EDTA, 0.2% SDS and mixed pro-
tease inhibitors (AEBSF, Aprotinin, Leupeptin, Bestain,
Pepstatin A and E-46) (Sigma) at 1 x 10° cells/ml. Nuclei
and cell debris was removed by centrifugation (300 x g for
5 minutes).

Synpatophysin ELISA

Synaptophysin levels in neuronal extracts were measured
by a sandwich ELISA as previously described [12]. In
short, the capture antibody (0.5 pg/ml) was a mouse
monoclonal antibody (mab) anti-synaptophysin
MAB368 (Chemicon, UK) and bound synaptophysin was
detected using a goat polyclonal anti-synaptophysin
(Abcam, Chandler's Ford, UK). Bound antibodies were
detected with a biotinylated anti-goat IgG (Dako, Cam-
bridgeshire, UK), extravidin-alkaline phosphatase and 1
mg/ml 4-nitrophenol phosphate in diethanolamine
buffer (Sigma). Absorbance was measured on a micro-
plate reader at 450 nM and the synaptophysin content
was calculated by reference to a standard curve. Samples
were expressed as "units synaptophysin" where 100 units
was arbitrarily defined as the amount of synaptophysin in
1 x 10¢ untreated cells. A standard curve was generated
from this sample using sequential log 2 dilutions (range
100 to 1.56 units).

Ingestion of biotinylated-Af,_4,

Cortical neurons were pre-treated with drugs for 3 hours
and washed 3 times with PBS prior to the addition of
biotinylated-AB, ,,. After 10, 30 or 60 minutes neurons
were washed a further three times with warm PBS to
remove unbound peptide and then homogenised in a
buffer containing 150 mM NaCl, 10 mM Tris-HCI, 10 mM
EDTA, 0.2% SDS and mixed protease inhibitors at 1 x 10°
cells/ml. Nuclei and cell debris was removed by low speed
centrifugation (300 x g for 5 minutes). The amounts of
biotinylated-AB,_,, in cell extracts were determined by
ELISA. All stages of the ELISA were carried out at 37°C for
1 hr. Maxisorb Immunoplates (Nunc, Roskilde, Den-

http://www.molecularneurodegeneration.com/content/3/1/1

mark) were coated with 0.1 pg mouse mab to AB;_,,
(Immunodiagnostic Systems, Tyne and Wear, UK) as a
capture antibody. Samples were applied and the amounts
of biotinylated-ApB,_,, bound were determined by incuba-
tion with extravidin-alkaline phosphatase and 1 mg/ml 4-
nitrophenol phosphate in diethanolamine buffer.
Absorbance was measured at 450 nM and the amounts of
biotinylated-AfB,_,, in samples were expressed as optical
density (OD) x 1000.

Peptides

A peptide corresponding to amino acids 1 to 42 of the AP
protein (AB,_4,), a biotinylated version containing biotin
at the terminal aspartic acid residue (biotinylated-AB,_,,),
AB,_,0and a control peptide (AB,,.;) were obtained from
Bachem (St Helens, UK). 1 mM stock solutions of peptide
were kept at -70°C, thawed on the day of use and soni-
cated prior to dilution and addition to cells.

Drugs

CV6209, ginkgolide B, myricetin, quercetin, platelet-acti-
vating factor (PAF), lyso-PAF, butaprost, misoprostol and
AH13025 were obtained from Sigma. Ginkgolide A, hexa-
PAF and PGE,, were obtained from Calbiochem (Notting-
ham, UK).

Statistical Analysis

Comparison of treatment effects were carried out using
one and two way analysis of variance techniques as appro-
priate. Post hoc comparisons of means were performed as
necessary.

Abbreviations
Alzheimer's disease (AD),

amyloid-f (AB),
enzyme-linked immunoassay (ELISA),
cyclo-oxygenase (COX),

a standardized extract of the leaves of the Ginkgo biloba
tree (EGb 761),

fetal calf serum (FCS),
monoclonal antibody (mab),
phospholipase A, (PLA,),
platelet-activating factor (PAF),

prostaglandin (PG).

Page 8 of 9

(page number not for citation purposes)



Molecular Neurodegeneration 2008, 3:1

Competing interests
The author(s) declare that they have no competing inter-

ests.

Authors' contributions

CB was responsible for the conception, planning of per-
formance of experiments, and for writing this manuscript.
Both MT and AW contributed to the planning of experi-
ments, interpretation of results and the writing of the
manuscript. All authors have read and approved the man-
uscript.

Acknowledgements
This work was supported by a grant from the European Commission FP6é
"Neuroprion" — Network of Excellence.

References

Vassar R, Citron M: A[beta]-Generating Enzymes: Recent
Advances in [beta]- and [gamma]-Secretase Research. Neu-
ron 2000, 27(3):419-422.

Esler WP, Wolfe MS: A portrait of Alzheimer secretases--new
features and familiar faces. Science 2001, 293:1449-1454.
Hardy J, Selkoe DJ: The amyloid hypothesis of Alzheimer's dis-
ease: progress and problems on the road to therapeutics. Sci-
ence 2002, 297(5580):353-356.

Lorenzo A, Yankner BA: Beta-amyloid neurotoxicity requires
fibril formation and is inhibited by congo red. Proc Natl Acad Sci
U SA 1994, 91(25):12243-12247.

Lambert MP, Barlow AK, Chromy BA, Edwards C, Freed R, Liosatos
M, Morgan TE, Rozovsky |, Trommer B, Viola KL, Wals P, Zhang C,
Finch CE, Krafft GA, Klein WL: Diffusible, nonfibrillar ligands
derived from Abeta 1-42 are potent central nervous system
neurotoxins. Proc Natl Acad Sci U S A 1998, 95(11):6448-6453.
Klein WL, Krafft GA, Finch CE: Targeting small A[beta] oligom-
ers: the solution to an Alzheimer's disease conundrum?
Trends in Neurosciences 2001, 24(4):219-224.

Elferink LA, Scheller RH: Synaptic vesicle proteins and regu-
lated exocytosis. | Cell Sci Suppl 1993, 17:75-79.

Hamos JE, DeGennaro L}, Drachman DA: Synaptic loss in Alzhe-
imer's disease and other dementias. Neurology 1989,
39(3):355-361.

Heinonen O, Soininen H, Sorvari H, Kosunen O, Paljarvi L, Koivisto
E, Riekkinen: Loss of synaptophysin-like immunoreactivity in
the hippocampal formation is an early phenomenon in alzhe-
imer's disease. Neuroscience 1995, 64(2):375-384.

Selkoe DJ: Alzheimer's Disease Is a Synaptic Failure. Science
2002, 298(5594):789-791.

DeKosky ST, Scheff SW: Synapse loss in frontal cortex biopsies
in Alzheimer's disease: correlation with cognitive severity.
Ann Neurol 1990, 27(5):457-464.

Bate C, Williams A: Squalestatin protects neurons and reduces
the activation of cytoplasmic phospholipase A2 by A[beta]l-
42. Neuropharmacology 2007, 53(2):222-231.

Le Bars PL, Velasco FM, Ferguson JM, Dessain EC, Kieser M, Hoerr R:
Influence of the severity of cognitive impairment on the
effect of the Gnkgo biloba extract EGb 761 in Alzheimer's
disease. Neuropsychobiology 2002, 45:19-26.

DeFeudis FV, Drieu K: Ginkgo biloba extract (EGb 761) and
CNS functions: basic studies and clinical applications. Cur-
rDrug Targets 2000, 1(1):25-58.

Ahlemeyer B, Krieglstein J: Pharmacological studies supporting
the therapeutic use of Ginkgo biloba extract for Alzheimer's
disease. Pharmacopsychiatry 2003, 36(Suppl 1):S8-S14.

Oken BS, Storzbach DM, Kaye JA: The efficacy of Ginkgo biloba
on coghnitive function in Alzheimer disease. Arch Neurol 1998,
55(11):1409-1415.

Solomon PR, Adams F, Silver A, Zimmer ], DeVeaux R: Ginkgo for
memory enhancement: a randomized controlled trial. JAMA
2002, 288(7):835-840.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

http://www.molecularneurodegeneration.com/content/3/1/1

Bate C, Salmona M, Williams A: Ginkgolide B inhibits the neuro-
toxicity of prions or amyloid-betal-42. |Neuroinflammation
2004, 1(1):4.

Oberpichler H, Sauer D, Rossberg C, Mennel HD, Krieglstein |: PAF
antagonist ginkgolide B reduces postischemic neuronal dam-
age in rat brain hippocampus. | Cereb Blood Flow Metab 1990,
10:133-135.

Bate C, Salmona M, Williams A: The role of platelet activating
factor in prion and amyloid-f3 neurotoxicity. Neuroreport 2004,
15:509-513.

Oyama Y, Fuchs PA, Katayama N, Noda K: Myricetin and querce-
tin, the flavonoid constituents of Ginkgo biloba extract,
greatly reduce oxidative metabolism in both resting and
Ca(2+)-loaded brain neurons. Brain Res 1994, 635:125-129.
Waschuk SA, Elton EA, Darabie AA, Fraser PE, McLaurin JA: Cellular
membrane composition defines A beta-lipid interactions. |
Biol Chem 2001, 276(36):33561-33568.

Lehtonen JY, Holopainen M, Kinnunen PK: Activation of phos-
pholipase A2 by amyloid beta-peptides in vitro. Biochemistry
1996, 35:9407-9414.

Francescangeli E, Domanska-Janik K, Goracci G: Relative contribu-
tion of the de novo and remodelling pathways to the synthe-
sis of platelet-activating factor in brain areas and during
ischemia. | Lipid MediatCell Signal 1996, 14(1-3):89-98.

Marcheselli VL, Rossowska M), Domingo MT, Braquet P, Bazan NG:
Distinct platelet-activating factor binding sites in synaptic
endings and in intracellular membranes of rat cerebral cor-
tex. | Biol Chem 1990, 265(16):9140-9145.

Clark GD, Happel LT, Zorumski CF, Bazan NG: Enhancement of
hippocampal excitatory synaptic transmission by platelet-
activating factor. Neuron 1992, 9(6):1211-1216.

Kato K, Clark GD, Bazan NG, Zorumski CF: Platelet-activating
factor as a potential retrograde messenger in CAl hippoc-
ampal long-term potentiation. Nature 1994,
367(6459):175-179.

Farooqui AA, Horrocks LA: Phospholipase A2-Generated Lipid
Mediators in the Brain: The Good, the Bad, and the Ugly. The
Neuroscientist 2006, 12(3):245-260.

Shukla SD: Platelet-activating factor receptor and signal
transduction mechanisms. FASEB | 1992, 6(6):2296-2301.

Korth R, Nunez D, Bidault ], Benveniste J: Comparison of three
paf-acether receptor antagonist ginkgolides. Eur | Pharmacol
1988, 152:101-110.

Stewart AG, Grigoriadis G: Structure-activity relationships for
platelet-activating factor (PAF) and analogues reveal differ-
ences between PAF receptors on platelets and macro-
phages. | Lipid Mediat 1991, 4(3):299-308.

Terashita Z, Imura Y, Takatani M, Tsushima S, Nishikawa K: CV-
6209, a highly potent antagonist of platelet activating factor
in vitro and in vivo. | Pharmacol Exp Ther 1987, 242(1):263-268.
Kopp UC, Cicha MZ, Nakamura K, Nusing RM, Smith LA, Hokfelt T:
Activation of EP4 receptors contributes to prostaglandin E2-
mediated stimulation of renal sensory nerves. Am/Physiol Renal
Physiol 2004, 287(6):F1269-F1282.

McGeer PL, Schulzer M, McGeer EG: Arthritis and anti-inflam-
matory agents as possible protective factors for Alzheimer's
disease: a review of 17 epidemiologic studies. Neurology 1996,
47(2):425-432.

Sang N, Zhang ], Marcheselli V, Bazan NG, Chen C: Postsynapti-
cally Synthesized Prostaglandin E2 (PGE2) Modulates Hip-
pocampal Synaptic Transmission via a Presynaptic PGE2
EP2 Receptor. | Neuroscience 2005, 25(43):9858-9870.

Takadera T, Yumoto H, Tozuka Y, Ohyashiki T: Prostaglandin E(2)
induces caspase-dependent apoptosis in rat cortical cells.
Neurosci Lett 2002, 317(2):61-64.

Ding S, Dudley E, Plummer S, Tang J, Newton RP, Brenton AG:
Quantitative determination of major active components in
Ginkgo biloba dietary supplements by liquid chromatogra-
phy/mass spectrometry. Rapid Commun Mass Spectrom 2006,
20(18):2753-2760.

Walsh DM, Selkoe DJ: Deciphering the Molecular Basis of
Memory Failure in Alzheimer's Disease. Neuron 2004,
44(1):181-193.

Brewer GJ: Isolation and culture of adult rat hippocampal neu-
rons. | Neurosci Meth 1997, 71(2):143-155.

Page 9 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11055423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11055423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11520976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11520976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12130773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12130773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7991613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7991613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7991613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9600986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9600986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9600986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9600986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11250006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11250006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8144706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8144706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2927643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2927643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7700527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7700527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7700527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12399581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2360787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2360787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2360787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17583757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17583757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17583757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11803237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11803237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11803237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13130383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13130383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13130383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13130383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9823823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9823823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9823823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12186600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2298830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2298830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2298830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2298830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15094513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8173947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8173947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8173947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11438533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11438533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11438533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8755719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8755719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2160958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2160958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2160958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1334422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1334422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1334422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8114914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8114914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8114914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16684969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16684969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1312046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1312046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2850196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2850196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2850196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1662547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1662547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1662547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1662547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3612533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3612533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3612533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3612533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8757015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8757015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8757015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16251433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16251433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16251433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11755240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11755240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11755240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16921563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16921563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16921563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15450169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15450169

	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Ginkgolides protect against Ab1-42-induced synapse damage
	Ginkgolides do not affect the binding of Ab1-42 to neurons
	PAF mimics the effects of Ab1-42 on synaptophysin levels
	Ginkgolide B does not protect against PGE2-induced synapse damage

	Discussion
	Conclusion
	Methods
	Neuronal cultures
	Cell extracts
	Synpatophysin ELISA
	Ingestion of biotinylated-Ab1-42
	Peptides
	Drugs
	Statistical Analysis

	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References

