
Abstract. An early increase in ROS production is chara-
cteristic of cerebellar granule cells undergoing apoptosis in
the presence of 5 mM KCl. However, the sources of this
increase have not been investigated in detail. In particular
whether there is a single enzymatic source or the increase in
ROS production is the consequence of the involvement of
different enzymes has not been studied in depth. Different
enzymatic pathways may indeed contribute to the up-
regulation of intracellular ROS production either directly or
via side-chain reactions and a number of candidate enzymes
are known to be involved in the apoptotic process in various
cell types. The aim of this study was to identify the cellular
sources of the ROS generated by CGCs undergoing apoptosis
by low K+. A panel of specific inhibitors against phospho-
lipase, cytochromes P450, cyclooxygenase, lipoxygenase,
xanthine oxidase, ribonucleotide reductase and NADPH
oxidase were used. We provide evidence that no single
source of ROS can be identified in apoptotic CGCs, but the
ROS generated through the arachidonic acid (AA) pathways,
mainly via lipoxygenase activities, seems to be the most
prominent.

Introduction

Results obtained in our and other laboratories indicate that
low potassium shift of cerebellar granule cells (CGCs)
increases the intracellular content of reactive oxygen species
(ROS) and induces oxidative stress (1-5). ROS in CGCs
resulting from low K+ treatment accumulate rapidly within
30 min after treatment and reach the maximum after 3-4 h; in
addition, the intracellular oxidized state has been linked to a
decrease in the activity of antioxidant enzymes (5).

A number of candidate enzymes and biochemical
pathways are known to be important in generating ROS
leading to apoptosis in various cell types such as phospho-

lipase A2 (PLA2), cyclooxygenase (COX), lipoxygenase
(LOX), cytochromes P450 (CYTP450), xanthine oxidase
(XOD), ribonucleotide reductase and NADPH oxidase.

The release and metabolism of unsaturated fatty acids
such as arachidonic acid (AA) by phospholipase could also
play an important role in ROS generation. AA released
from cell membranes can affect cell proliferation and induce
apoptosis directly (6) or via activation of NADPH oxidase
(7). Subsequent metabolism of AA or other fatty acids by
LOX, COX and CYTP450 may generate ROS thus resulting
in membrane lipid peroxidation, and apoptosis (8). LOX
constitute a heterogeneous family of lipid peroxidizing
enzymes which are capable of oxygenating polyunsaturated
fatty acids to their corresponding hydroperoxy derivatives and
are endowed with both a pro- or anti-apoptotic role depending
on cell type and apoptotic stimulus. COX enzymes, which are
responsible for the production of bioactive prostanoid and ROS
(9), have been involved in the increase of cytoplasmic ROS
production in excitotoxin-stimulated CGCs (10). CYTP450 are
involved in many intracellular metabolic processes and the
induction of CYTP450 activity can result in increased levels
of ROS (11). Consistently, CYTP450 mediate ROS generation
in rat hepatocytes and the resulting oxidative stress have been
linked to apoptosis (12,13).

XOD is found to be a key enzyme in ROS production
during excitotoxicity in CGCs (14) while ribonucleotide reduc-
tase is frequently involved in regulating cancer progression
and is a target for antitumour therapy (15). NADPH oxidase,
a flavoprotein-dependent superoxide-producing enzyme, has
been implicated in ROS generation in response to drugs (16)
and growth factors (17) as well as in the apoptosis of NGF-
deprived sympathetic neurons (18). Recently it has been
proposed that NADPH oxidase could be a major extracellular
source of superoxide anion in apoptotic CGCs (4,19).

Superoxide anions can also be produced as a side product
of the mitochondrial electron transport chain and indeed
damaged and/or uncoupled mitochondria are one of the major
source of ROS production in most cells (20). However, recent
reports demonstrate both that in the first hours of CGC
apoptosis no mitochondrial dysfunction occurs (2,21) and
that cytochrome c release occurs from still coupled and
intact mitochondria (22,23).

Our group has long been involved in the characterization
of the apoptotic pathway induced by lowering extracellular
potassium in CGCs in particular by analyzing the partici-
pation of ROS and mitochondria to this process. We have
observed that ROS production is an early event and always
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precedes the loss of mitochondrial transmembrane potential
(24), the release of cytochrome c (25) and the activation of
caspases (26).

Consistently, the aim of this study was to identify the
cellular sources of the early ROS generated by CGCs under-
going apoptosis by low K+. Using a set of enzyme inhibitors
we provide evidence that, although no single source of ROS
can be identified in apoptotic CGCs, the ROS generated
through the AA pathways, mainly via LOX activities, seems
to be the most prominent.

Materials and methods

Materials. Tissue culture medium and fetal calf serum were
purchased from Gibco (Grand Island, NY, USA) and tissue
culture dishes were from Nunc (Taastrup, Denmark). All
enzymes and biochemicals were from Sigma Chemicals Co.
(St. Louis, MO, USA).

Cell cultures. Primary cultures of cerebellar granule cells
(CGCs) were obtained from dissociated cerebellar of 7-day-
old Wistar rats as previously described (27). Cells were
plated in basal medium Eagle (BME) supplemented with 10%
fetal calf serum, 25 mM KCl, 2 mM glutamine and 100 μg/ml
gentamycin on dishes coated with poly L-lysine. Cells were
plated at a density of 1x106/ml. 1b-Arabinofuranosylcytosine
(10 μM) was added to the culture medium 18-22 h after
plating to prevent proliferation of non-neuronal cells.

Induction of apoptosis. At 6-7 days in vitro (DIV), cells were
washed twice and switched to serum-free BME, containing
5 mM KCl (K5) supplemented with glutamine and genta-
mycin. Apoptotic cells are referred to as S-K5 cells. Control
cells were treated identically but maintained in serum-free
BME medium supplemented with 25 mM KCl (K25) and
then referred to as S-K25 cells (28).

Assessment of neuronal viability. Viable CGCs were quantified
by counting the number of intact nuclei after lysing the cells
in detergent-containing solution (29). This method has been
shown to be reproducible and accurate and to correlate well
with other methods of assessing cell survival/death (30). Cell
counts were performed in triplicate and are reported as means
± SD.

Superoxide anion detection in CGCs. Superoxide anion (O2
-.)

was detected, as previously described (5), using the Fe3+-cyt c
method (31). The newly formed O2

-. gave an increase in
absorbance at 550 nm (ε550 nm = 37 mM-1cm-1) measured using
a Perkin-Elmer Lambda-5 spectrophotometer equipped with
a thermostated holder (Perkin-Elmer, Foster City, CA, USA).
A calibration curve was made by using an O2

-. producing
system, i.e. xanthine plus xanthine oxidase, and an O2

-.

detection system, namely Fe3+-cyt c, that, in the presence of
O2

-., gave Fe3+-cyt c with 1:1 stoichiometry.

ROS staining with DCFH2-DA. At 7 DIV CGCs were
switched to serum-free medium containing 25 or 5 mM KCl.
After 3.5 h cells were incubated for an additional 30 min

with the ROS sensitive dye 2',7'-dichlorohydrofluorescein
diacetate (DCFH2-DA) in order to detect cellular ROS
formation. This non-fluorescent dye is deacetylated in the
cytoplasm by esterases and converted into a fluorescent
compound by oxidation. Thereafter, i.e. 4 h after induction of
apoptosis, cells were then washed in PBS and fluorescence
was examined and photographed under a Nikon DIAPHOT
TS-100 epifluorescence microscope with excitation/emission
at 495/515 nm. Images were digitized with x40 epifluore-
scence objective and a Nikon Digital Video Camera E995
(Coolpix 995) and analyzed with the Nikon Image Analysis
System (Nikon, Tokyo, Japan). In all cases, cells were exposed
only for 30 sec to UV light.

Statistical analysis. Data are expressed as means ± SD, and
statistical significance of the results was determined by
one-way ANOVA using the Bonferroni post-hoc test, with
statistical significance set at p<0.05.

Results

When CGCs are switched from high (25 mM) to low (5 mM)
potassium containing medium apoptosis is induced which is
characterized by an early production of ROS. The time course
of superoxide anion production shows a net and sustained
increase of O2

-. peaking at 4 h in apoptotic (S-K5) cells with
about a 5-fold increase over control cells (S-K25) (Fig. 1).

To analyze the source of ROS, we have used different
inhibitors which block potential intracellular ROS-producing
systems. First of all we investigated the effect of different
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Figure 1. Superoxide anion levels in CGCs en route to apoptosis. CGCs
were incubated either in high KCl (S-K25) or in low KCl (S-K5) serum-free
culture medium and treated with Fe3+-cyt c (10 μM). At different times after
apoptosis induction, the culture solution was taken and the increase in
absorbance at 550 nm, due to Fe3+-cyt c, reduction was determined. The
experimental data are reported as nmol (±SD) of O2

-. formed per 106 cells,
calculated on the basis of the stoichiometry of the reaction using the extinction
coefficient determined under our experimental conditions (see details in
Materials and methods). The experiment was repeated 4 times with different
cell preparations. Statistically significant differences are indicated by asterisks
(*p<0.05 and **p<0.01 with respect to S-K25 cells taken at the corresponding
times).
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amounts of each inhibitor on the survival of both control and
apoptotic cells. The inhibitors were added separately to cells
and survival was measured 24 h after drug administration as
compared to that of control cells treated with vehicle only. In
Fig. 2 the effect of Metyrapon, Allopurinol, Hydroxyurea
and Diphenyl iodonium (DPI), which inhibit respectively
CYTP450, XOD, ribonucleotide reductase and NADPH
oxidase on cell survival was investigated. Allopurinol was
used at the concentration of 10 μM which in previous studies
(25) was found to be the appropriate concentration to inhibit
XOD in this type of cell. None of these inhibitors, except DPI,
was found to be toxic to S-K25 control cells. With apoptotic
S-K5 cells, it was found that 10 μM Metyrapon (55±7%) and
to a lesser extent both 10 μM Allopurinol (48±3%) and 3 mM
Hydroxyurea (49±2%) slightly improved cell survival as
compared with untreated S-K5 cells (40±3%) (p<0.05).

On the other hand DPI used at a concentration of 10 μM,
which was effective in preventing ROS production during
hepatocyte apoptosis (32), was found to be toxic to control
(S-K25) and apoptotic (S-K5) cells with 100% death induction
in both cases. This compound was still found to be partially
toxic even when tested at low concentrations which have been

found to be effective in preventing ROS production in sympa-
thetic neurons (18). Indeed 0.01 and 3 μM DPI still induce
about 20% death in control cells while no effect on the survival
of apoptotic cells was detected.

The second group of inhibitors tested was related to the
arachidonic pathway of ROS generation and consisted of
AACOCF3 (inhibitor of PLA2), Esculetin (general inhibitor
of LOX) and Indomethacin (inhibitor of COX). Survival of
control (S-K25) and apoptotic (S-K5) cells was differently
influenced by these inhibitors (Fig. 3). While the effect on
control cells was minimal, 5 μM AACOCF3 improved
survival of apoptotic cells up to 62±5% as compared to
untreated apoptotic cells (40±3%) (p<0.01). Esculetin, the
broad range inhibitor of lipoxygenases, induced a slight
increase in cell survival of about 13% with respect to S-K5
cell alone at the three concentrations tested (p<0.05). Finally,
Indomethacin at 0.1 mM proved to be able to slightly improve
survival with a value of about 49±3% with respect to S-K5
alone (p<0.05).

The availability of inhibitors against the three isoforms
of lipoxygenase prompted us to investigate the effect of
Baicalein (inhibitor of 12-LOX), PD146176 (inhibitor of
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Figure 2. Effect of inhibitors of ROS-generating enzymes on cell death. Control (S-K25) and apoptotic (S-K5 cells) were treated with the different inhibitors
shown in the upper part of the figure. Different concentrations of each inhibitors were used. Cell viability was determined after 24 h by counting the intact
nuclei. Values represent the mean (±SD) of three independent measurements. Statistically significant differences are indicated by asterisks (*p<0.05 and
**p<0.01 with respect to S-K5 cells).
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15-LOX) and MK886 (inhibitor of 5-LOX) (Fig. 4). Inter-
estingly, 1 μM Baicalein and 0.3 μM PD1146176 strongly
improved survival of apoptotic cells with values of 74±3%
and 68±2%, respectively as compared to untreated apoptotic
cells (40±3%) (p<0.01). On the other hand MK886 did not
show any significant effect on survival of either control or
apoptotic cells at least up to 1 μM but became toxic at higher
concentration also on control cells.

Given that the enzymes investigated in this study are
involved either directly or through side-chain reactions in
ROS production, and since their inhibition was found to
influence to a greater or lesser extent the survival of
apoptotic CGCs, we investigated whether the improvement
in cell survival found with some inhibitors correlated with
a decrease in the cellular oxidation state. To do this, O2

-.

production was measured in S-K25 and S-K5 cells treated or
not with the inhibitors after 4 h of apoptosis, a time at which
the bulk of superoxide production has been shown to take
place. Only one concentration of each inhibitor was used, i.e.

the concentration that in the survival experiments was found
to significantly inhibit the death of S-K5 cells and to be not
toxic to control cells.

When CGCs were shifted to a low potassium medium
(S-K5) a sharp increase in superoxide production (5.00±
0.17 nmol O2

-./1x106 cells) was detected after 4 h of apoptosis
(Fig. 5) this effect being decreased by SOD used as a positive
control (p<0.01). Apoptotic cells incubated with 10 μM
Allopurinol, 10 μM Metyrapon and 3 mM Hydroxyurea
showed a slight decrease in O2

-. production with values of
3.53±0.14, 4.05±0.18 and 4.25±0.15 nmol/1x106 cells,
respectively (p<0.05 as compared to untreated S-K5 cells). A
strong reduction in the formation of superoxide anion was
accomplished by the inhibitors of the arachidonic acid path-
way of ROS production: 5 μM AACOCF3 (PLA2) and 5 μM
Esculetin (LOX) efficiently reduce O2

-. production by about
50% with respect to untreated S-K5 cells (p<0.01). Similar
results were obtained with the inhibitors of two lipoxygenase
isoforms: 1 μM Baicalein (12-LOX) and 0.3 μM PD146176
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Figure 3. Effect of inhibitors of the AA pathway on cell death. Control (S-K25) and apoptotic (S-K5 cells) were treated with the inhibitors of the AA pathway
(AACOCF3, Esculetin and Indomethacin). Different concentrations of each inhibitors were used. Cell viability was determined after 24 h by counting the
intact nuclei. Values represent the mean (±SD) of three independent measurements. Statistically significant differences are indicated by asterisks (*p<0.05 and
**p<0.01 with respect to S-K5 cells).
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(15-LOX) (p<0.01). On the other hand inhibition of 5-LOX
by MK886 and COX by Indomethacin decreased O2

-. less
efficiently (4.03±0.08 nmol/1x106 and 4.38±0.09, respectively)
(p<0.05). Surprisingly, in DPI-treated S-K5 cells a further
increase in O2

-. production was detected (5.88±0.08 nmol/
1x106 cells).

Confirmatory results were obtained from microphoto-
graphs of sister culture samples after addition of DCFH2-DA.
DCFH2-DA is a general fluorescent probe for ROS often
used to detect the production of oxidizing species in cells via
oxidation to its fluorescent product (DCF). Images of DCF
fluorescence in S-K5 cells in the presence or absence of the
inhibitors as analyzed by epifluorescence microscope are
shown in Fig. 6. These qualitative results mirror and confirm
what was found with the quantitative O2

-. production assay.

Discussion

Many studies have indicated that ROS play an important role
in the progression of apoptosis induced in CGCs by lowering
extracellular potassium (1-5), but the sources of ROS

generation were unclear. Recently Samhan-Arias et al (19)
proposed that NADPH oxidase could be a major source of
extracellular superoxide anion in apoptotic CGCs. More-
over, it has also been proposed that in excitotoxin-stimulated
CGCs the increase in the cytoplasmic ROS production may
occur mainly via cyclooxygenase (10).

Our data show that ROS may be produced by different
sources during the apoptosis of CGCs and among the enzyme
systems frequently implicated in ROS generation, PLA2,
12-LOX and 15-LOX are the most prominent in ROS
generation and apoptosis of CGCs in response to K+-shift.

Increasing evidence supports a signalling link between
ROS and PLA2-mediated AA metabolism (33) which is
often dependent on both the apoptotic stimulus and the cell
type: while PLA2 is required in apoptosis induced by tumour
necrosis factor α it is not required in Fas-induced apoptosis
(34). Interestingly it has been reported that the secretory form
of PLA2 rescues CGCs from apoptosis after potassium
deprivation (35).

The potential involvement of PLA2 in apoptosis of CGCs
was investigated using AACOCF3, an inhibitor of all PLA2
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Figure 4. Effect of lipoxygenase inhibitors on cell death. Control (S-K25) and apoptotic (S-K5 cells) were treated with the inhibitors of the three lipoxygenase 
isoforms shown in the upper part of the figure (PD146176, Baicalein and MK886). Different concentrations of each inhibitor were used. Cell viability was
determined after 24 h by counting the intact nuclei. Values represent the mean (±SD) of three independent measurements. Statistically significant differences
are indicated by asterisks (*p<0.05, **p<0.01 and ***p<0.001 with respect to S-K5 cells).
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isoforms (36). The treatment of apoptotic S-K5 cells with
AACOCF3 improved cell viability as compared to S-K5 cells
alone and strongly reduced the increase in superoxide
production that follows apoptosis induction. The PLA2
reaction is the primary pathway through which arachidonic
acid is released from phospholipids and most biological effects
of AA are attributable to its metabolism by three different
groups of enzymes: LOX, COX and CYTP450.

Although we do not know the details of the downstream
mediators of PLA2 in the low potassium signalling pathway
leading to generation of ROS, our findings using inhibitors
indicate that subsequent AA metabolism by 12 and 15-LOX
is involved. The pan LOX inhibitor, Esculetin which blocks
activity by binding to LOX (37) did not induce apoptosis on
its own but was effective in preventing cell death. A similar
improvement was also exerted by Baicalein, a specific inhibitor
of 12-LOX (38) and by PD146176 a highly specific inhibitor
of 15-LOX (39). Conversely, MK886, an inhibitor of 5-LOX
(40) did not improve survival. Moreover, the pan LOX
inhibitor (Esculetin), the 12-LOX inhibitor (Baicalein) and the
15-LOX inhibitor (PD146176) drastically reduced ROS
production in S-K5 cells thus suggesting that ROS might be
derived from activation of these two isoforms in apoptotic
signalling in response to K+-shift.

These results are consistent with recent findings showing
that 12-LOX is the primary LOX expressed in the brain (41)
and that the AA metabolic pathway mediated by 12-LOX
activation is an important source of ROS in neurons where
oxidative stress is induced by different stimuli (42-44). More-
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Figure 5. Effect of inhibitors of ROS-generating enzymes on the superoxide
anion levels in CGCs en route to apoptosis. CGCs were incubated either in
high KCl (S-K25) or in low KCl (S-K5) serum-free culture medium and
treated with Fe3+-cyt c (10 μM) in the absence or presence of the different
inhibitors. After 4 h of apoptosis, the culture solution was taken and the
increase in absorbance at 550 nm, due to Fe3+-cyt c, reduction was deter-

mined. The experimental data are reported as nmol (±SD) of O2
-. formed per

106 cells, calculated on the basis of the stoichiometry of the reaction using
the extinction coefficient determined under our experimental conditions (see
details in Materials and methods). The experiment was repeated 4 times
with different cell preparations. Statistically significant differences are
indicated by asterisks (*p<0.05 and **p<0.01 with respect to S-K5 cells).

Figure 6. Fluorescence micrographs of CGCs loaded with DCFH2-DA. Apoptosis was induced in CGCs for 4 h either in the presence or absence of different
inhibitors. DCFH2-DA (10 μM) was added to the culture medium for 30 min and samples were treated as detailed in Materials and methods. For each
inhibitor, both fluorescence and the correspondent phase contrast micrograph were taken in a NIKON DIAPHOT TS-100 epifluorescence microscope
(equipped with a 40x objective and 495/515 nm excitation/emission filters). Images were digitized by using a Nikon Digital Video Camera E995 (Coolpix
995). When indicated the inhibitors were added at the time of apoptosis induction.
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over, the different LOX isoforms seem to be specifically
involved in neurodegenerative process as blockade of 12-LOX
but not of 5-LOX expression prevents ß amyloid-induced
apoptosis (45). On the other hand while 5-LOX is found to
be expressed in the central nervous system and is crucial for
neurogenesis (46) its involvement in the apoptotic route is
rather confusing since 5-LOX inhibitors has been claimed
either to induce (47) or to prevent apoptosis (48).

AA can act as the substrate for two other enzymes besides
LOX, namely COX and CYTP450 but their involvement in
low potassium-induced apoptosis in CGCs seems to be of
minor importance because inhibitors of these enzymes do not
have a significant protective effect. Indeed, notwithstanding
that CYTP450 represent a substantial source of ROS and
AA-derivative metabolites (49), the inhibitor Metyrapone
(50) can only partially prevent cell death (15% improvement)
and superoxide production (19% decrement) with respect to
untreated apoptotic cells. This result suggest that CYTP450
are at least partially involved in the apoptosis progression of
CGCs.

Indomethacin (51) was used as an inhibitor to investigate
the role of COX. It is known that this enzyme, in particular
the type 2 isoform, is involved both in the mechanism of
neurodegeneration and in mediating synaptic plasticity
(52,53). However, it had only a minor effect on both cell
survival and ROS production.

Ribonucleotide reductase is a radical enzyme involved in
de novo deoxyribonucleotide synthesis and therefore plays a
central role in the formation and control of the optimal dNTP
levels inside cells. It is variously reported that ribonucleotide
reductase inhibitors may have anticarcinogenic effects and
induce apoptosis (15) or may be endowed with the possibility
to inhibit the induction of apoptosis via oxidative stress (54).
This enzyme seems to be only marginally involved in the
apoptosis of CGCs since its inhibition by hydroxyurea (55)
has only a small effect both in improving cell survival and
reducing superoxide anion levels.

Similar results were obtained when the involvement of
XOD was investigated by using its specific inhibitor
Allopurinol. It has been reported that ROS produced by
XOD can induce apoptosis in rat lung after pulmonary re-
expansion (56) or in MPP+ (1-methyl-4-phenylpyridinium)-
treated CGCs (57). Moreover, XOD was shown to be the
main ROS producing-enzyme during excitotoxicity in CGCs
(14) and in the reoxygenation injury of ischemic cerebral
endothelial cells (58). Conversely, its involvement in the
apoptosis of CGCs induced by low potassium was shown
in the present study to be minimal since its inhibition by
Allopurinol only partially affected cell survival and superoxide
production.

The involvement of NADPH oxidase deserves a specific
discussion. Different studies have implicated the plasma mem-
brane NADPH oxidase as one of the major ROS generating-
enzymes in neuronal cells (4,18-19). Surprisingly, our results
showed that DPI does not have any protective effect on
apoptotic CGCs. Micromolar concentrations of DPI were
toxic to both control and apoptotic cells. On the other hand,
whilst nanomolar concentrations of DPI did not block
apoptosis nor improve survival, surprisingly, 10 nM DPI led
to an increase in superoxide production of up to 5.88 nmol

O2
-./1x106 cells as compared to the value of 5.00±0.17 nmol

O2
-./1x106 cells (p<0.05) found in S-K5 apoptotic cells.
As far the participation of mitochondria in ROS

production is concerned it should be stressed that the
experimental approach used in this study cannot be used to
investigate the production of ROS by mitochondria. Indeed
we have already demonstrated that the different inhibitors of
the mitochondrial respiratory chain are toxic towards S-K25
control cells (59) and can induce by themselves an over-
production of ROS at the mitochondrial level. Furthermore
increased production of ROS by mitochondria takes place
when these organelles are damaged and/or uncoupled and we
have previously demonstrated that in apoptotic CGCs
cytochrome c release, caused by ROS, occurs from
mitochondria that are still coupled (23). These results are in
full agreement with a recent report by Jekabsons et al (21)
who showed that the early increase in intracellular super-
oxide, which occurs in low potassium apoptosis of CGCs, is
not due to a failure in mitochondrial respiration since no
dysfunction of this organelle was detectable during the first
5 h of apoptosis, consistent with the report by Atlante et al
(2). Similarly, Cai et al (22) reported that mitochondrial
generation of ROS occurs only after cytochrome c release.
Taken together these findings suggest that ROS production
by mitochondria in the first 4 h of apoptosis in CGCs is not a
major event.

In summary, our results using a panel of inhibitors towards
different enzymes that produce ROS suggest that the increase
in ROS production, which takes place early during the
apoptosis of CGCs, cannot be ascribed to a single enzymatic
source. Nevertheless, ROS generation through the AA
pathways, mainly via 15-LOX and 12-LOX, seems to be
most prominent with only minor contributions from COX,
CYTP450, ribonucleotide reductase and XOD. Unfortunately,
the involvement and contribution of NADPH oxidase to the
oxidative stress in apoptotic CGCs could not be ascertained
by the approach used in this study because of the toxic effect
of DPI. On the other hand, the neuroprotective effects of
PLA2 and LOX inhibitors may relate to down-regulation of
free radical formation under our cell culture conditions.
Further studies using different and more direct approaches,
such as enzymatic activity assays and protein expression
profiles, will be directed to dissecting the contribution of
PLA2 and LOX in regulating the progression of apoptosis in
CGCs.
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