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The cytoprotective effect of vinpocetine [14-ethoxycar-
bonyl-(30, 16a-ethyl)-14,15-eburnamine] was investi-
gated on PCI12 cells treated with the amyloid
B-peptides (AB) for 24 hours. Vinpocetine was shown
to protect cells from the inhibition in redox status
induced by exposure to ABys 35 and AB;_yo, the maxi-
mal protection being achieved at a vinpocetine con-
centration of 40 uM. At this concentration, vinpocetine
blocked the inhibition of the mitochondrial respira-
tory chain complexes II-III and IV and completely
abolished the depletion of pyruvate levels induced by
toxic concentrations of AP peptides. Furthermore, the
accumulation of ROS in cells exposed to ABys_35 and
ABy_gpevaluated using the fluorescent probe
2’,7-dichlorofluorescin (DCF), was reduced in the
presence of 40 uM vinpocetine. Taken together, the
data presented herein demonstrate that vinpocetine
protects cells from A toxicity, preventing the genera-
tion of oxidative stress due to the excessive accumula-
tion of ROS. This study suggests that vinpocetine can
exert neuroprotective properties which might be of
importance and contribute to its clinical efficacy in the
treatment of Alzheimer's disease or other neurodegen-
erative disorders in which oxidative stress is involved.

Keywords: Alzheimer's disease; amyloid B-peptide; energy
metabolism; oxidative stress; vinpocetine; antioxidant

INTRODUCTION

Vinpocetine (ethyl-apovincamine-22-oate, Cav-
inton®), a vincamine synthetic derivative[l], first
described as cerebral vasodilator?, is a widely
used nootropic drug exhibiting favourable clini-
cal effects in a variety of dementiasl®]. This drug
has a neuroprotective effect in a number of
experimental models. It has been documented
that, in vivo, vinpocetine is potent in reducing
hypoxic/ischemic brain damagel*°l. Moreover,
vinpocetine exhibits a protective effect against
cell death induced by various excitotoxins! %] and
inhibits the cytotoxic effect of glutamate in cerebro-
cortical neurons!!1], Furthermore, several lines of
evidence indicate that this drug has significant
anticonvulsant potency[lz].

Relatively little is known about the underlying
molecular mechanisms which might explain
these beneficial effects of vinpocetine. It has been
reported that vinpocetine possesses some
Ca%*-antagonistic activity!'®l and inhibits volt-
age-induced Na'-currentsl!#1%]. Moreover, the
drug was shown to attenuate NMDA responses
in oocytesnf’], to reduce AMPA binding to corti-
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cal membranes!!”), to inhibit the acetylcholine
release evoked by excitatory amino acids!'”), and
to protect cerebrocortical neurons against excito-
toxicity[lo]. The potentiation of adenosine-medi-
ated neuroprotection in vitro'8] has also been
found. Although the mechanism of vinpocetine
action is not fully understood, its antioxidant
characteristics!' %] and hydroxyl radical scav-
enging ability have been demonstrated. Further-
more, VA-045, a novel apovincaminic acid
derivative, has been shown to inhibit lipid per-

oxide production in brain homogenates?%!,

As a consequence of the observation that oxi-
dative stress-mediated events can be involved in
neurodegenerative disorders, such as Alzhe-
imer's disease (AD), antioxidants have been pro-
posed and used as potential therapeutic agents
against oxidative stress-induced neuronal cell
deathl?12223] Several studies have provided evi-
dence that AP, whose abnormal extracellular
accumulation in senile plaques constitutes one of
the major neuropathological findings in AD[?4],
can lead to oxidative stress and lipid peroxida-
tion via the induction of HyO, accumulation!®®).
We have recently demonstrated that AB peptides
inhibit the energetic metabolism of PC12 cells,
by a mechanism envolving the generation of
ROS[2627] In the present study, we examined the
antioxidant effect of vinpocetine on ABy5_35- and
ABq_yg-induced toxicity in rat pheochromocy-
toma PC12 cells. Cell toxicity due to A peptides
was estimated by the determination of the cellu-
lar redox status, by the measurement of ROS
production and also by the evaluation of the
metabolic function {mitochondrial and glycolytic
activity).

MATERIALS AND METHODS

Materials

PC12 cells were purchased from ATCC (Ameri-
can Type Culture Collection). Synthetic ABys_s5-
and AP;4 were purchased from Bachem

(Bubendorf, Germany). Vinpocetine was a gen-
erous gift from Tecnimed (Portugal). DCFH,-DA
was obtained from Molecular Probes (Eugene,
OR, USA) and all other reagents from Sigma
Chemical Co. (St. Louis, MO, USA). The kit for
the determination of pyruvate levels was also
obtained from Sigma Chemical Co. (St. Louis,
MO, USA).

Toxicity Studies

PC12 cells were incubated, during 24 hours, with
the desired concentration of AB peptides, APy
35 and AP_40, or with the corresponding reverse
sequences, ABss o5 and APy, in RPMI 1640
supplemented with 15% serum. The normal and
the reverse sequences of the AP peptides were
prepared in a similar manner. The AB,5_35 pep-
tide was added from a 1 mg/ml stock prepared
in sterile water. The AB;_4 peptide was also dis-
solved in sterile water as a 6 mg/ml stock which
was then diluted 6 times in PBS and incubated at
37°C for 24 h, in order to induce peptide aggre-
gation. When the protective effect of vinpocetine
was tested, cells were treated for approximately
24 h with vinpocetine and then, were simultane-
ously incubated in the presence of Af and the
desired concentration of vinpocetine. The vehi-
cle used for the treatment with vinpocetine (HCl
1 N, pH adjusted to 7.4 before use) was also
included in control cultures. After an additional
24 h period the cells were analysed.

The evaluation of the cellular redox status was
performed by measuring the 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) reduction ability of PCI12 cells as
described previously[zg].

Measurement of Intracellular Reactive Oxygen
Species Formation

Formation of intracellular ROS was detected
using DCFH,-DA. After exposure to Afos 35
and APy_40 (10 nM or 1 uM) for 24 h, in the pres-
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ence or in the absence of vinpocetine (40 uM), the
cells were incubated in 2 ml of 140 mM NaCl, 5
mM K1, T mM MgCly, 5.6 mM glucose, 1.5 mM
CaCl, and 20 mM HEPES-Na, pH 7.4, and
allowed to take up 5 uM DCFH,-DA. After load-
ing with DCFH,-DA, at 37°C for 20 min in an
atmosphere of 95% air and 5% CO,, cells were
washed with the same buffer and the fluores-
cence of DCF, the de-esterified and oxidized
form of the probe DCFH,-DA, was measured at
502 nm excitation and 550 nm emission, in a
SPEX Fluorolog spectrometer.

Activity of Mitochondrial Complexes

All activities were measured in sucrose medium
containing (in mM): sucrose 130, KCI 50, MgCl,
5, KH,PO,4 5, Hepes 5, pH 7.4.

Complex I (NADH-Ubiquinone oxidoreduct-
ase) activity was measured by following the
decrease in NADH absorbance at 340 nm, at
30°C, in sucrose medium supplemented with 1
mM KCN, 150 uM NADH, 1.25 mg/ml free fatty
acid BSA and PC12 cell homogenates. The reac-
tion was initiated with 50 uM ubiquinone-1, after

a preincubation for 5 min!3°].

The activity of complex II-IIT (Succinate dehy-
drogenase + Succinate-cytochrome ¢ reductase)
was determined in sucrose medium supple-
mented with 8 uM rotenone, 1 mM KCN, 54 uM
cytochrome c and cell homogenates. After prein-
cubation for 5 min, the reaction was initiated by
addition of 5 mM succinatel!].

The activity of complex IV (Cytochrome oxi-
dase) was measured polarographically at 30°C in
homogenates of control or AB-treated cells res-
suspended in sucrose medium, supplemented
with 2 uM rotenone, 0.1 ug antimycin A, 10 uM
cytochrome ¢ and 0.3 mg Triton X-100. The reac-
tion was initiated upon addition of 5 mM
ascorbate + 0.25 mM N,NN  N'-tetrame-
thyl-p-phenylene-diamine (TMPD)I32].
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Pyruvate Assay

After incubation with toxic concentrations of
ABos_35 or ABy_y40 PC12 cells were washed twice
and scrapped from the dishes with PBS, pH 7.4
at 4°C. Then, an aliquot of the cell suspension
was diluted with 8% PCA (1:3, v/v) and proteins
were pelleted by centrifugation. The supernatant
was stored at —20°C for further spectrophoto-
metric analysis of pyruvate content at 340 nm.

Data Analysis

Data were expressed as means + S.E.M. of tripli-
cate determinations. Statistical significance anal-
ysis was determined using the two-tailed
unpaired Student's t test or, for multiple compar-
isons, the one-way ANOVA, followed by the
Tukey-Kramer posthoc test, which compares
several groups of values between each other (a
value of p < 0.05 was considered significant).

RESULTS

Vinpocetine Protects PC12 Cells Against
AB-Induced Inhibition of Redox Status

The effect of vinpocetine on the inhibition of the
cellular redox status induced by AB was evalu-
ated by determining the percentage (%) of MTT
reduction upon incubation of PC12 cells for 24 h
with ABys_35 or APy (10 nM or 1 uM), in the
presence of increasing concentrations of vin-
pocetine. As shown in Fig. 1, vinpocetine, in the
concentration range 40-150 pM, induced a sig-
nificant increase in cellular viability in cells
treated with 10 nM and 1 uM of ABy5_35 or AR _
40- At these concentrations (10 nM and 1 pM), the
reverse sequences of the AB peptides, APys 35
and AP;_4q, were not able to decrease the viabil-
ity of PC12 cells (Table I).
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TABLE I Effect of the reverse sequences of Af peptides on the redox status of PC12 cells

Experimental condition [Peptide] Redox status (MTT reduction, % of control)
Control 0 100.1+8.1
AP35_p5 treatment 10 nM 99.3+7.4
1pM 101.6 £3.3
Ao treatment 10 nM 1125+7.8
1uM 97.2+2.6

PC12 cells were incubated for 24 h in the absence or in the presence of ABss_ps or AByy_; peptides, 10 nM or 1 uM. The
ApB-induced inhibition of redox status was evaluated by the decrease in the reduction of the tetrazolium salt MTT. The results,
expressed as the percentage (%) of control values, are the means + SEM of triplicate determinations in 6 distinct experiments.

ROS Accumulation Upon A Treatment is intracellular levels of ROS at both concentrations
Decreased by Vinpocetine tested: 10 nM and 1 uM (2.6- and 4.3-fold, respec-
tively). The increase in DCF fluorescence was
significantly attenuated in cells treated during 24
h with the AB peptides in the presence of vin-
pocetine. In cells exposed simultaneously to
ABys_35(10 nM or 1 uM) and 40 pM vinpocetine,
ROS accumulation decreased about 40% and in
cells pre-incubated with vinpocetine and then
exposed to AB;_4 (10 nM or 1 uM), its accumula-
tion was decreased by approximately 60%.

The accumulation of ROS, observed after expo-
sure of PC12 cells to toxic concentrations of
ABss_35 or APy_yo, was measured in cells treated
with these AP peptides in the presence or in the
absence of 40 pM vinpocetine (Table II). ROS
accumulation, estimated utilizing a converting
reaction of the probe DCFH, to DCF, was
increased in cells treated with 10 nM or 1 uM
ABys5 35 (2.2- and 3.7-fold, respectively) in com-
parison with controls. AB;_yy also increased the

TABLE II Effect of vinpocetine on AB-stimulated intracellular accumulation of peroxides

ROS accumulation (a.u. DCF fluorescence)

Experimental condition [AB peptide] — vinpocetine + 40 uM vinpocetine
Control 0 2.02+0.2 1.52+0.1
ARos 35 treatment 10nM 4411£04° 2,75+ 0.8°
1M 7.54+0.3° 4.36+0.59
ABy_4p treatment 10nM 532+1.1% 2.13+04°
1uM 8.63+1.7° 2.91+0.54

PC12 cells were incubated with 40 uM vinpocetine. After approximately 24 h, toxic concentrations of AB,s_35 or AB1_yo pep-
tides (10 nM or 1 pM) were added. The formation of peroxides, detected using DCFH, oxidation and fluorescence, was
assessed 24 h after the addition of the Af peptides. The results, expressed as arbitrary units of DCF fluorescence, are the
means + SEM of triplicate determinations in 4 9 distinct experiments.

a. p<0.01, significantly different compared to control conditions, in the absence of ABos_35 or APy_y peptides.

b. p<0.05, significantly different compared to values determined in ABos 35 or ABy_yg- treated cells, in the absence of vinpoce-
tine.

¢ p<0.001, significantly different compared to control conditions, in the absence of AB,s_35 or AB;_y peptides.

d. p<0.001, significantly different compared to values determined in ABy5_35- or ABy_y- treated cells, in the absence of vin-
pocetine.

e. p<0.01, significantly different compared to values determined in AB,s_35 or ABy_yg treated cells, in the absence of vinpocet-
ine.
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Vinpocetine Protects PC12 Cells Against
Ap-Induced Inhibition of Complexes II-11I and
IV of the Mitochondrial Respiratory Chain

After incubation of PC12 cells with toxic concen-
trations of A, the enzymatic activity of complex
I was slightly inhibited (Table II). Its activity
decreased approximately 20% in cells treated for
24 h with 1 pM ABo,s5_35 or AB;_4, an effect that
was not reverted by vinpocetine (40 uM). Similar
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When the activity of complexes II-1Il was ana-
lyzed, it was observed that it was significantly
inhibited by the AP peptides (Table IV). Com-
plexes II-IIl activity decreased approximately
60% in cells treated for 24 h with AB,5 35 or AB;_
40 1 UM, in comparison with control cells. The
inhibition of the activity of complexes II-III was
almost completely reverted when cells were
incubated with AP peptides in the presence of
vinpocetine (40 pM). Similar results were

results were obtained with cells incubated with ~ obtained with cells incubated with ABs5_35 or
10 nM AB25_35 or AB1_40. AB1—40 10 nM.

TABLE TII Effect of vinpocetine on the inhibition of mitochondrial respiratory chain complex I activity induced by AB,5 35 or
APy 4o peptides

Complex I activity (% of control)

Experimental condition (AP peptide] — vinpocetine + 40 uM vinpocetine
Control 0 100.0+1.1 100.0+3.5
ABys_35 treatment 10 nM 78.1+£9.22 97.7+9.4
1uM 837+3.12 833+81
APy treatment 10 nM 81.6 +4.5% 867+75
1M 774+ 697 81.4+48

The enzymatic activity of complex T of control- and Ap-treated PC12 cells, incubated during 24 h in the presence or in the
absence of the vinpocetine (40 uM), was measured as described. Data, expressed as the percentage (%) of control values, are
mean + SEM values of 6-9 different determinations.

a.  p<0.05, significantly different compared to control conditions, in the absence of ABys_35 or AB;. 49 peptides.

TABLE IV Effect of vinpocetine on the inhibition of mitochondrial respiratory chain complex II-1II activity induced by AB,s_35
or APy_4q peptides

Complex I-111 activity (% of control)

Experimental condition [AP peptide] — vinpocetine + 40 pM vinpocetine
Control 0 100+ 1.1 100.0+2.9
ABys_35 treatment 10nM 39.7+1.3° 80.7 +4.3Y
1uM 423 + 5.6 80.0 + 3.0
APBq_y4q treatment 10 nM 40.1+£2.0% 79.6 + 8.4¢
1uM 37.5+4.9° 71.8 +4.1P

The enzymatic activity of complex II-III of control- and AB-treated PC12 cells, incubated duting 24 h in the presence or in the
absence of the vinpocetine (40 uM), was measured as described. Data, expressed as the percentage (%) of control values, are
mean + SEM values of 6-9 different determinations.

a. p<0.001, significantly different compared to control conditions, in the absence of AB,s 35 or ABy. 4 peptides.
b. p <0.001, significantly different compared to values determined in AB,s_¢- or ABy_go-treated cells, in the absence of vin-
pocetine.

¢.  p<0.01, significantly different compared to values determined in AB,s 35 or AB;_y treated cells, in the absence of vinpoce-
tine.
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TABLE V Effect of vinpocetine on the inhibition of mitochondrial respiratory chain complex 1V activity induced by ABos 35 or
APBy_yo peptides

Complex IV activity (% of control)

Experimental condition [AB peptide] — vinpocetine + 40 uM vinpocetine
Control 0 100.0 + 1.1 100.0 3.4
APy 35 treatment 10 nM 33.7 + 4.5% 91.7 +4.5P
1M 39.8+33? 89.9 +3.0P
ABy_y treatment 10 nM 452+1.12 81.5+ 8.4°
1uM 44.0 + 4.42 82.7 +5.40

The enzymatic activity of complex IV of control- and AB-treated PC12 cells, incubated duting 24 h in the presence or in the
absence of the vinpocetine (40 pM), was measured as described. Data, expressed as the percentage (%) of control values, are
mean + SEM values of 6-9 different determinations.

a. p<0.001, significantly different compared to control conditions, in the absence of Afi,5_35 or APy 49 peptides.
b. p < 0.001, significantly different compared to values determined in ABys_35- or ABq_yg-treated cells, in the absence of vin-
pocetine.

TABLE VI Effect of toxic concentrations of Afi;s_3sor ABy 4o peptides on endogenous pyruvate levels. Protective action of
vinpocetine

Intracellular pyruvate levels (nmolfmg protein)

Experimental condition [AB peptide] — vinpocetine + 40 uM vinpocetine
Control 0 8.69+04 8.65 0.1
ABos_a5 treatment 10nM 6.05+1.12 7.69 +0.1°
1uM 511+0.1° 8.57 £0.1¢
AB;_yp treatment 10nM 477 £0.8° 9.77 +0.1°
1M 5.25 + 0.5 8.09 +0.14

The intracellular pyruvate levels of control- and AB-treated PC12 cells, incubated for 24 h in the presence or in the absence of
vinpocetine (40 uM), was determined as described. Data are mean + SEM values of 6-9 different determinations.

a. p <0.05, significantly different compared to control conditions, in the absence of AB;5_35 or ABy_4o peptides.

b. p<0.05, significantly different compared to values determined in Afy5_35 or APy_y treated cells, in the absence of vinpoce-
tine.

¢ p<0.001, significantly different compared to control conditions, in the absence of ABys_35 or ABy_4.

d. p <0.001, significantly different compared to values determined in ABys_35- or ABy_yg-treated cells, in the absence of vin-
pocetine.

e. p<0.01,significantly different compared to values determined in ABs_35- or AB;_yg-treated cells, in the absence of vinpoce-
fine.

Complex IV activity was also inhibited by
treatment with APys 35 or ABy_yg (Table V). In
comparison with controls, its activity decreased
approximately 65% in cells treated for 24 h with
1 uM of ABys5 35 and 35% in cells exposed to 1
UM of APBy_4o respectively. When cells were
exposed to toxic concentrations of AB,5 55 or
APy 49 (1 uM), in the presence of vinpocetine (40
uM), the decrease in the activity of complex IV of
the mitochondrial electron transport chain was

almost completely abolished (Table V). Similar
results were obtained with cells incubated with
APos 35 or APy 40 10 nM.

Vinpocetine Prevents the AB-Induced
Depletion of Pyruvate Levels

A significant decline of pyruvate levels was
observed after incubation of PC12 cells with 10
nM or 1 pM of ABs5 35 or ABy_y4o (Table VI). Its
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levels decreased by 30% and 40% in cells treated
with ABy5 3510 nM and 1 pM, respectively. A
45% and 40% decrease was also observed in cells
treated, respectively, with AB;_4,10nM or 1 uM.
Pyruvate levels, determined in cells treated with
ABys 35 or ABy_yg in the presence of vinpocetine
(40 uM), were similar to those determined in
control cells, incubated in the absence of the Ap
peptides (Table VI).

DISCUSSION

The neuroprotective effect of vinpocetine on
ABos_35- or ABy_yg-induced toxicity was investi-
gated in PC12 cells, a valuable model for the
analysis of neuronal cell death and neuroprotec-
tion. The present study demonstrates that vin-
pocetine attenuates the toxicity induced by those
AP peptides in PC12 cells. Vinpocetine, over a
concentration range of 40-150 uM, prevented the
decrease in cellular redox status (Fig. 1), the
accumulation of ROS (Table II) and the inhibi-
tion of mitochondrial (Tables II-V) and glyco-
lytic (Table VI) activities, which we have
previously shown to occur in PCI2 cells upon
ABos_35 or AB;_yg treatment(?6-27],

The protective activity of vinpocetine against
AB-induced toxicity seems to be due to its free
radical scavenging effects because the accumula-
tion of intracellular ROS that follows AB,s_35 or
A4 treatment was prevented in the presence
of the drug (Table I). In addition to detect the
generation of H,0,, DCFH,-DA is also sensitive
to peroxynitritel*®]. Since nitric oxide (NO) pro-
duction has been shown to be stimulated by
ABos_35 13, and vinpocetine is known to inhibit
phosphodiesterase type [, the protective effect of
the compound could also be related with a possi-
ble interference with the NO and therefore, with
the cGMP signaling pathway. The results pre-
sented here support previous reports about the
antioxidant activity of vinpocetine™], Its
hydroxyl radical scavenging ability has also
been demonstrated. Vinpocetine was shown to
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inhibit lipid peroxidation in brain homogenates
and VA-045, a novel apovincaminic acid deriva-
tive, is able to inhibit lipid peroxide produc-
tion[20],  Furthermore, the inhibition of
AB-induced toxicity was previously shown to be
prevented by several antioxidants?1??], suggest-
ing the involvement of oxidative stress on
AB-induced toxicity. Moreover, several reports
argue in favor of the generation of ROS induced
by AB fragments[25'35'36]. In recent reports, we
have demonstrated that AP,s_35 or ABy_y4o pep-
tides increase ROS accumulation in a
dose-dependent manner, this increase being well
correlated with the decrease in cell survival,
which was inhibited by several antioxidants!?”,
However, it can not be ruled out the hypothesis
that the protective effect of vinpocetine is due, at
least in part, to the inhibition of AP aggregation.
In fact, a radical generating system has been
identified as a AP aggregation promoting system
and the aggregation could be inhibited by radi-
cal scavengers, such as ascorbic acid and vitamin
E.

Vinpocetine prevented the Af,s 35- or AP
so-induced depletion of pyruvate levels and the
inhibition of complexes II-1II and IV of the mito-
chondrial respiratory chain (Tables IV and V).
This protective activity of vinpocetine is also
consistent with its antioxidant action since we
have demonstrated the protective effect of the
antioxidants vitamin E, idebenone and
GSH-ethyl ester against AB-induced depletion of
pyruvate levels and inhibition of the mitochon-
drial complexes I, I-1II and V(27! On the other
hand, the above mentioned neuroprotective
activity of vinpocetine may be the consequence
of the enhanced cerebral glucose uptake and uti-
lization!?). These effects might lead to the stimu-
lation of glycolysis and of the mitochondrial
electron transport, resulting in the maintenance
of pyruvate levels and of the enzymatic activity
of complexes of mitochondrial respiratory chain,
as we demonstrate in this study.

The protective effect of vinpocetine may also
be due to the reduction in Ca’" rise due to Ca*"
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FIGURE 1 Dose-response curves of the neuroprotective effect of vinpocetine against ABys_ 35- (A) or Apy_yg- (B) induced inhibi-
tion of redox status in PC12 cells. PC12 cells were incubated with increasing concentrations of vinpocetine (20-150 pM) for
approximately 24 h. Cells were then incubated for further 24 h in the absence (®) or in the presence of toxic concentrations of
ABos_35 or ABj_yg peptides, 10 nM (0J) or 1 uM (o). The AB-induced inhibition of redox status was evaluated by the decrease in
the reduction of the tetrazolium salt MTT. The results, expressed as t}}g percentage (%) of control values, are the means + SEM of
triplicate determinations in 5~10 distinct experiments, respectively.  p < 0.001, significantly different compared to control con-
ditions, in the absence of AB;5 35 or APy yopeptides. # p < 0.05; ## p < 0.01, significantly different compared to values deter-
mined in APys_s5- or ABy_yg-treated cells, in the absence of vinpocetine
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influx through voltage-sensitive channels!!015]
It has been proposed that AP exerts its neuro-
toxic effects through the generation of free radi-
cals that potentiate Ca®* influx through L-type
voltage-sensitive Ca>* channels, leading to the
increase in [Ca?*]; and to the colapse of Ca2*
homeostasis!®’*5%]  Therefore, the protection
afforded by vinpocetine may depend either from
its free radical scavenging ability and/or from
the inhibition of Ca?' influx through volt-
age-operated channels and subsequent increase
in [Ca?*];. In fact, it has been shown that, in PC12
cells, AB stimulates the influx of Ca2*4) and
increases the [Ca®*].*Y, which can induce the
formation of ROS#2],

In conclusion, we have shown for the first time
that pretreatment of PC12 cells with vinpocetine
can attenuate ABys_35 or ABy_yptoxicity through
a mechanism which seems to be mediated via
inhibition of AB-induced oxidative stress due to
the excessive accumulation of ROS.
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