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Abstract

We have previously reported that a novel neuroprotective substance named serofendic acid was purified and isolated from ether extract of

fetal calf serum. In the present study, we investigated the effect of serofendic acid on acute neurotoxicity induced by L-glutamate (Glu) using

primary cultures of rat cortical neurons. Exposure of cortical cultures to Glu for 1 h caused a marked decrease in cell viability, as determined

by trypan blue exclusion. This acute Glu neurotoxicity was prevented by N-methyl-D-aspartate (NMDA) receptor antagonists, extracellular

Ca2 + removal, nitric oxide (NO) synthase inhibitor and NO scavenger. Serofendic acid prevented acute Glu neurotoxicity in a concentration-

dependent manner. Acute neurotoxicity was induced by ionomycin, a Ca2 + ionophore, and S-nitroso-L-cysteine, an NO donor. Serofendic

acid also prevented both ionomycin- and S-nitroso-L-cysteine-induced neurotoxicity. Moreover, the protective effect of serofendic acid on

acute Glu neurotoxicity was not affected by cycloheximide, a protein synthesis inhibitor, and actinomycin D, an RNA synthesis inhibitor.

These results indicate that serofendic acid protects cultured cortical neurons from acute Glu neurotoxicity by reducing the cytotoxic action of

NO and de novo protein synthesis is not required for this neuroprotection.

D 2003 Elsevier B.V. All rights reserved.
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1. Introduction has also been postulated to play important roles in the
L-Glutamate (Glu) is the most abundant excitatory neu-

rotransmitter in the vertebrate central nervous system (CNS)

and plays a crucial role in neurological processes including

cognition, learning and memory (Collingridge and Laster,

1989). It has been estimated that approximately 40% of all

brain synapses are glutamatergic (Fonnum, 1984; Green-

amyre, 1986; Greenamyre and Porter, 1994). Excessive

stimulation of glutamate receptors, under pathophysiologi-

cal conditions, leads to neuronal damage and death. This

phenomenon is well known as ‘‘excitotoxicity’’, since

neurotoxicity is correlated with excitatory properties of

various Glu analogs (Olney et al., 1971). Glu neurotoxicity
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pathophysiology of numerous neurological diseases includ-

ing hypoxic-ischemic brain injury (Choi, 1988; Meldrum

and Garthwaite, 1990), epileptic seizures (Olney et al.,

1983) and neurodegenerative diseases including Alzheim-

er’s disease (Koh et al., 1990; Le et al., 1995), Parkinson’s

disease (Sawada et al., 1996; Blandini et al., 1996), and

amyotrophic lateral sclerosis (Louvel et al., 1997; Urush-

itani et al., 1998). Accordingly, substances which can

prevent Glu neurotoxicity are expected to be potential tools

in the therapy of various neurological and neurodegenera-

tive diseases. Considering the pivotal roles of Glu as a major

excitatory neurotransmitter despite its robust neurotoxic

actions, it is assumed that a variety of regulatory mecha-

nisms should serve to maintain physiological functions and

prevent pathogenic effects of Glu. Based on these assump-

tions, we have previously demonstrated that Glu neurotox-

icity was reduced by a variety of endogenous substances
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including nicotinic acetylcholine (Akaike et al., 1994b),

prostanoids (Akaike et al., 1994c), neurotrophins (Kume

et al., 1997a, 2000) and vitamin B analogs (Akaike et al.,

1993).

In a search of novel neuroprotective substances of mam-

malian origin, we found that conditioned medium of striatal

cultures and ether extract of fetal calf serum both reduced Glu

neurotoxicity (Kume et al., 1997b). Therefore, we purified a

neuroprotective substance from a lipophilic fraction of fetal

calf serum based on ability to protect rat primary cortical

cultures against nitric oxide (NO) donor-induced cytotoxicity

and isolated a novel neuroprotective substance named sero-

fendic acid (Kume et al., 2002a). Mass spectrometry and

nuclear magnetic resonance (NMR) spectroscopy revealed

the chemical structure of serofendic acid as a sulfur contain-

ing atisane-type diterpenoids (15-hydroxy-17-methylsulfiny-

latisan-19-oic acids), which are epimeric mixtures having the

opposite configuration in the sulfoxide group (Terauchi et al.,

2002). To our knowledge, serofendic acid is the first atisane

derivative found in mammals, although natural atisane deriv-

atives contained in plants have been reported (Lal et al., 1989;

Appendino et al., 2000). The discovery of serofendic acid

from fetal calf serum provides the possibility that additional

unidentified substances which promote survival of CNS

neurons exist in mammalian organs.

In the present study, we investigated the effect of sero-

fendic acid on acute Glu neurotoxicity using primary cul-

tures of rat cortical neurons. This study was focused on the

acute neurotoxicity induced by Glu because this simple

model is suitable to detect neuroprotective agents, acting
Fig. 1. Effects of various NMDA receptor antagonists, extracellular Ca2 + removal

to Glu (500 AM) for 1 h. MK-801 (1 AM; A), APV (1 mM; B) and DCQX (10 AM;

was carried out for the 1 h Glu exposure (D). N-Arg (300 AM) and hemoglobin (10

Glu exposure (E). **P < 0.01, compared with Glu alone.
on either glutamate receptors or reactive oxygen species

including NO. An influx of extracellular Ca2 + into the

cytoplasm via N-methyl-D-aspartate (NMDA) receptors and

the subsequent formation of reactive oxygen species such as

NO and hydroxyl radical are considered to play a crucial role

in Glu neurotoxicity (Akaike et al., 1994a; Dawson et al.,

1991, 1993; Huang et al., 1994). Here, we used various

NMDA receptor antagonists, an NO synthase inhibitor and

an NO scavenger to examine the participation of NMDA

receptor and NO in acute Glu neurotoxicity. We also exam-

ined the effects of serofendic acid on neurotoxicity induced

by ionomycin, a Ca2 + ionophore, and S-nitroso-L-cysteine,

an NO donor, as well as Glu to clarify the neuroprotective

mechanism of serofendic acid. Moreover, we examined

whether de novo protein synthesis was involved in the

neuroprotective effect of serofendic acid using cyclohexi-

mide, a protein synthesis inhibitor, and actinomycin D, an

RNA synthesis inhibitor.
2. Materials and methods

2.1. Materials

Eagle’s minimal essential salt medium (Eagle’s MEM)

was purchased from Nissui Pharmaceutical (Tokyo, Japan).

Fetal bovine serum and horse serum were purchased from

JRH Biosciences (Kansas, USA). Drugs were obtained from

the following sources: L-glutamine (Nacalai Tesque, Kyoto,

Japan), D-(+)-glucose (Nacalai Tesque), sodium hydrogen
, N-Arg and hemoglobin on acute Glu neurotoxicity. Cultures were exposed

C) were added concomitantly with Glu. Ca2 + removal from culture medium

0 AM) were applied to the culture medium for 30 min before and 1 h during
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carbonate (NaHCO3; Nacalai Tesque), HEPES (Nacalai Tes-

que), arabinocylcytosine (Kohjin, Tokyo, Japan), L-glutamic

acid monosodium salt (Glu; Nacalai Tesque), (+)-dizocilpine

maleate (MK-801; Research Biochemicals Internationals

(RBI), Natick, USA), DL-2-amino-5-phosphonovaleric acid

(APV; Sigma, St. Louis, USA), 6,7-dichloroquinoxaline-2,3-

dione (DCQX; RBI), NN-nitro-L-arginine (N-Arg; Sigma),

hemoglobin (Sigma), ionomycin (Calbiochem, San Diego,

USA), L-cysteine (Nacalai Tesque), sodium nitrite (Nacalai

Tesque), hydrochloric acid (HCl; Nacalai Tesque), cyclohex-

imide (Wako, Osaka, Japan), actinomycin D (Nacalai Tesque)

and trypan blue (Wako).

S-nitroso-L-cysteine was prepared according to proce-

dures described previously (Lei et al., 1992). Briefly, L-

cysteine and sodium nitrite were combined in equimolar

amounts and dissolved in water. To this solution, 10 N of

HCl was added to a final normality of 0.5 N and a final S-

nitroso-L-cysteine concentration of 100 mM. This solution

was diluted in Eagle’s MEM to yield a final S-nitroso-L-

cysteine concentration of 200 AM. The S-nitroso-L-cysteine

solution was added to the cultures within 10 min after the

addition of HCl. The cell viability was not affected by the

old S-nitroso-L-cysteine solution (200 AM), which was kept

at 37 jC overnight.
Fig. 2. Hoffman modulation photomicrographs showing serofendic acid-induced

stained with trypan blue after 1 h Glu exposure. Culture fields were photographed

treated, Glu (500 AM)-treated, Glu (500 AM) plus serofendic acid (10 AM)-treated a

was treated with serofendic acid for 1 h before and 1 h during Glu exposure. Ca
Serofendic acid was synthesized according to procedures

reported previously (Terauchi et al., 2002).

2.2. Cell cultures

Primary cultures were obtained from the cerebral cortex

of fetal rats (17–19 days of gestation) according to proce-

dures described previously (Nishikawa et al., 2000; Kume

et al., 2002b). Briefly, single cells dissociated from the

whole cerebral cortex of fetal rats were plated on plastic

coverslips which were placed in 60 mm dishes (5.1�106

cells per dish). Cultures were incubated in Eagle’s MEM

supplemented with 10% heat-inactivated fetal bovine serum

(1–8 days after plating) or 10% heat-inactivated horse

serum (9–14 days after plating), L-glutamine (2 mM),

D-(+)-glucose (11 mM), NaHCO3 (24 mM) and HEPES

(10 mM). Cultures were maintained at 37 jC in a humid-

ified 5% CO2 atmosphere. After 6 days of plating, non-

neuronal cells were removed by addition of arabinocylcy-

tosine (10 AM). Only mature cultures (10–14 days in vitro)

were used for experiments. Immunochemical staining with

anti-microtubule associated protein-2 (MAP-2) antibody

and anti-glial fibrillary acidic protein (GFAP) antibody

revealed that the culture method used in this study provided
protection against acute Glu neurotoxicity. Cell cultures were immediately

after trypan blue staining followed by formalin fixation. (A–D) show non-

nd serofendic acid (10 AM)-treated cultures, respectively. In (C), the culture

libration bar = 50 Am.



Fig. 3. Time (A)- and concentration (B)-dependency of protective effects of

serofendic acid on acute Glu neurotoxicity. Cultures were treated with

serofendic acid (10 AM) for 0–24 h before and 1 h during Glu (500 AM)

exposure (A). Cultures were treated with serofendic acid (0.001–10 AM)

for 1 h before and 1 h during Glu (500 AM) exposure (B). **P < 0.01,

compared with Glu alone.

Fig. 4. Comparison with neuroprotective effects of serofendic acid A and B

and an epimeric mixture of serofendic acid. Serofendic acid (10 AM) was

applied to the culture medium for 1 h before and 1 h during Glu (500 AM)

exposure. S-A: serofendic acid A, S-B: serofendic acid B, Mix: epimeric

mixture of serofendic acid. **P< 0.01, compared with Glu alone.
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cell cultures containing about 90% neurons as described

previously (Kume et al., 2002b). The animals were treated

in accordance with the guidelines of the Kyoto University

animal experimentation committee, and the guidelines of

the Japanese Pharmacological Society.

2.3. Drug treatment and measurement of neurotoxicity

On the day of the experiment, the maintenance medium

was replaced with neurotoxin (Glu, ionomycin or S-nitroso-

L-cysteine)-containing Eagle’s MEM for 1 h. NMDA recep-

tor antagonists such asMK-801, APVand DCQXwere added

to Eagle’s MEM concomitant with Glu. N-Arg and hemo-

globin were added to culture medium for 30 min before and 1

h during Glu exposure. Similarly, cycloheximide and actino-

mycin D were added to culture medium for 1 h before and 1

h during Glu exposure. Unless otherwise indicated, serofen-

dic acid was applied for 1 h before and 1 h during neurotoxin

exposure. All experiments were performed at 37 jC.
Neurotoxicity was quantified by examining cultures

using Hoffman modulation microscopy as described in

our previous report (Nishikawa et al., 2000). Cell viability

was assessed by means of trypan blue exclusion. After 1
h neurotoxin exposure, cell cultures were immediately

stained with 1.5% trypan blue for 10 min at room

temperature, fixed with isotonic formalin, then rinsed with

physiological saline. Cells stained with trypan blue were

regarded as non-viable. The viability of the cultures was

calculated as the percentage of the ratio of the number of

unstained cells (viable cells) relative to the total number

of cells counted (viable cells plus non-viable cells). Over

200 cells per coverslip were counted to determine cell

viability. We represented data obtained from five cover-

slips derived from distinct culture dishes in one sister

culture though we have performed at least three indepen-

dent experiments to examine the reproducibility of data.

In each experiment, the cells on five coverslips were

counted to obtain meansF S.E.M. of the cell viability.

2.4. Statistics

Data were expressed as meansF S.E.M. The statistical

significance of difference between groups was determined

by one-way analysis of variance (ANOVA) followed by

Dunnett’s two-tailed test using the Instat (Graph Pad Soft-

ware, San Diego, USA) program. Statistical significance

was defined as a probability value of less than 5%.
3. Results

3.1. Mechanism of acute Glu neurotoxicity

Exposure of the cortical cultures to 500 AM of Glu for 1

h markedly reduced cell viability. Concurrent application of

MK-801 (1 AM), a non-competitive NMDA receptor antag-

onist which binds to the phencyclidine binding site, with

Glu significantly inhibited acute Glu neurotoxicity (Fig.

1A). Similarly, APV (1 mM), a competitive NMDA receptor

antagonist, and DCQX (10 AM), an antagonist of the
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strychnine-insensitive glycine recognition site, significantly

attenuated acute Glu neurotoxicity (Fig. 1B,C). Also, neu-

rotoxicity was abolished when Ca2 + was removed from the

culture medium for 1 h during Glu exposure (Fig. 1D).

Next, we examined the effect of N-Arg, as a selective NO

synthase inhibitor, and hemoglobin, as an NO scavenger, on

this acute Glu neurotoxicity. Both N-Arg (300 AM) and

hemoglobin (100 AM) partially inhibited Glu neurotoxicity

when these drugs were applied for 30 min before and 1

h during Glu exposure (Fig. 1E).
Fig. 5. Hoffman modulation photomicrographs showing protective effects of sero

Cell cultures were immediately stained with trypan blue after 1 h ionomycin- and S

treated, and ionomycin (10 AM) plus serofendic acid (10 AM)-treated cultures, re

and S-nitroso-L-cysteine (200 AM) plus serofendic acid (10 AM)-treated cultures, re

before and 1 h during neurotoxin exposure. Calibration bar = 50 Am.
3.2. Effect of serofendic acid on acute Glu neurotoxicity

We examined the effect of serofendic acid on acute Glu

neurotoxicity. Exposure of the cortical cultures to 500 AM of

Glu for 1 h markedly increased the number of trypan blue-

stained non-viable cells (Fig. 2B). When serofendic acid (10

AM) was applied for 1 h before and 1 h during Glu exposure,

the number of non-viable cells was markedly reduced (Fig.

2C). Thus, we examined the time- and concentration-depen-

dency of the neuroprotective effect of serofendic acid.
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fendic acid on ionomycin- and S-nitroso-L-cysteine-induced neurotoxicity.

-nitroso-L-cysteine exposure. (A–C) show non-treated, ionomycin (10 AM)-

spectively. (D–F) show non-treated, S-nitroso-L-cysteine (200 AM)-treated,

spectively. In (C) and (F), cultures were treated with serofendic acid for 1 h



Fig. 6. Protective effects of serofendic acid on ionomycin (A)- and S-

nitroso-L-cysteine (B)-induced neurotoxicity. Cultures were exposed to

ionomycin (10 AM) or S-nitroso-L-cysteine (200 AM) for 1 h. Serofendic

acid (10 AM) was applied for 1 h before and 1 h during neurotoxin

exposure. **P< 0.01, compared with neurotoxin alone.

Fig. 7. Effects of cycloheximide (A) and actinomycin D (B) on

neuroprotection of serofendic acid against acute Glu neurotoxicity. Cultures

were treated with serofendic acid (10 AM) for 1 h before and 1 h during Glu

(500 AM) exposure. Cycloheximide (1 Ag/ml) and actinomycin D (1 Ag/ml)

were applied concomitantly with serofendic acid. **P< 0.01, compared

with Glu alone. n.s.; not significant.
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Simultaneous application of serofendic acid with Glu did not

affect the cell viability (Fig. 3A). But when we applied

serofendic acid for 30 min prior to Glu exposure, we

observed a significant protective effect (Fig. 3A). A similar

degree of protection was observed when serofendic acid was

applied for 1, 3 or 24 h prior to the Glu exposure (Fig. 3A).

Also, serofendic acid prevented Glu neurotoxicity in a

concentration-dependent manner (Fig. 3B). Interestingly, a

significant protective effect of serofendic acid was observed

at a concentration as low as 1 nM (Fig. 3B). Serofendic acid

(10 AM) alone had no significant effect on cell viability

(Figs. 2D and 3B).

It is revealed that serofendic acid exists in fetal calf serum

as an epimeric mixture with opposite configurations in the

sulfoxide group, and these two isomers were named sero-

fendic acid A and B, respectively (Kume et al., 2002a,b).

Thus, we compared neuroprotective activity among serofen-

dic acid A, serofendic acid B and an epimeric mixture of

serofendic acid. These compounds showed similar protective

activities against acute Glu neurotoxicity (Fig. 4).

3.3. Effects of serofendic acid on ionomycin- and S-nitroso-

L-cysteine-induced neurotoxicity

The influx of extracellular Ca2 + into the cytoplasm via

NMDA receptors and subsequent formation of NO are

considered to be key steps in Glu neurotoxicity. Thus, we

examined the effects of serofendic acid on neurotoxicity

induced by ionomycin and S-nitroso-L-cysteine. Exposure of
the cortical cultures to 10 AM of ionomycin for 1 h markedly

increased the number of non-viable cells (Fig. 5B). Simi-

larly, exposure to 200 AM of S-nitroso-L-cysteine for 1

h caused a marked increase in the number of non-viable

cells (Fig. 5E). Serofendic acid (10 AM) blocked the

neurotoxic action of ionomycin as well as S-nitroso-L-

cysteine (Figs. 5C,F and 6).

3.4. Effects of cycloheximide and actinomycin D on

neuroprotective effects of serofendic acid

Since the neuroprotective effect of serofendic acid re-

quired more than 30 min pretreatment prior to the Glu

exposure, we investigated the participation of de novo

protein synthesis in the neuroprotection. Cycloheximide

and actinomycin D were used for this purpose. Neurotox-

icity induced by exposure to 500 AM of Glu for 1 h was not

affected by cycloheximide and actinomycin D (data not

shown), indicating that this acute Glu neurotoxicity is not

regulated by de novo protein synthesis. Moreover, the

neuroprotecitive effect of serofendic acid was not affected

by cycloheximide (1 Ag/ml) or actinomycin D (1 Ag/ml)

(Fig. 7A,B). Cycloheximide and actinomycin D alone had

no significant effect on cell viability.
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4. Discussion

In the present study, we investigated the mechanism of

acute Glu neurotoxicity and the effect of serofendic acid on

acute Glu neurotoxicity using primary cultures of rat cortical

neurons. Consistent with our previous study (Nishikawa et

al., 2000), exposure of the cortical cultures to 500 AM of

Glu for 1 h caused a marked decrease in cell viability.

Concurrent application of NMDA receptor antagonists such

as MK-801, APV and DCQX significantly prevented acute

Glu neurotoxicity. The present study demonstrated that

serofendic acid prevents acute Glu neurotoxicity in a con-

centration-dependent manner and maximal protection was

observed when serofendic acid was applied for more than 30

min prior to the Glu exposure. We have previously reported

that serofendic acid did no affect NMDA-, a-amino-3-

hydroxy-5-methylisoxazole-4-propionic acid (AMPA)- and

kainate-evoked currents (Kume et al., 2002a). Taken togeth-

er, these findings indicate that the NMDA receptor plays a

crucial role in acute Glu neurotoxicity, but serofendic acid

does not directly inhibit the function of glutamate receptor

channels.

The influx of extracellular Ca2 + into the cytoplasm via

the NMDA receptor and subsequent formation of NO are

considered to play a crucial role in Glu neurotoxicity

(Akaike et al., 1994a; Dawson et al., 1991, 1993; Huang

et al., 1994). We demonstrated that removal of extracellular

Ca2 + from the culture medium, N-Arg and hemoglobin

prevented acute Glu neurotoxicity, supporting this hypoth-

esis. Thus, we used ionomycin, as a Ca2 + ionophore, and S-

nitroso-L-cysteine, as an NO donor, to clarify the neuro-

protective mechanism of serofendic acid. Serofendic acid

prevented the neurotoxic actions of both ionomycin and S-

nitroso-L-cysteine. From these results, we considered that

serofendic acid protects cultured cortical neurons from

cytotoxicity induced by a disruption of intracellular Ca2 +

homeostasis and the radical stress of NO.

It has been postulated that reactive oxygen species

participate in both Glu- and NO-induced neurotoxicity,

since the neurotoxicity was prevented by superoxide

dismutase, a catalytic enzyme that breaks down superox-

ide radicals to hydrogen peroxide and molecular oxygen

(Lipton et al., 1993; Dawson et al., 1993). NO yields

peroxynitrite anion by reacting with superoxide anion,

and rapid degradation of peroxynitrite anion produces

hydroxyl radical, which in turn induces potent cytotox-

icity via lipid peroxidation and DNA damage (Beckman

et al., 1990). We have previously demonstrated that

serofendic acid inhibited the formation of hydroxyl rad-

icals in a concentration-dependent manner by using

electron spin resonance spectroscopy (Kume et al.,

2002a). Although further study is required to determine

in detail the mechanisms of the neuroprotective action,

serofendic acid may protect cultured cortical neurons by

scavenging reactive oxygen species including peroxyni-

trite anion and hydroxyl radical.
Serofendic acid A and B, as well as an epimeric mixture

of serofendic acid, significantly attenuated acute Glu neuro-

toxicity with similar potency. We have previously reported

that both isomers showed similar protective activities against

S-nitroso-L-cysteine-induced neurotoxicity (Kume et al.,

2002a). These findings further support that the opposite

configuration in the sulfoxide group does not influence the

neuroprotective activity of serofendic acid against NO-me-

diated Glu neurotoxicity.

It is estimated that the concentration of serofendic acid

contained in fetal calf serum was in the order of tens of nM

(Kume et al., 2002a). In the present study, serefendic acid

caused a significant inhibition of acute Glu neurotoxicity

when applied at a concentration as low as 1 nM. Therefore,

serofendic acid is considered to play crucial roles in the

development and maintenance of CNS neurons at embryonic

stages by preventing Glu neurotoxicity.

Cell death is generally divided into apoptosis and necro-

sis. These are believed to be distinct mechanisms of cell

death with very different characteristic features, which can

be distinguished on the basis of their morphological and

biological properties (Wyllie, 1980; Clarke, 1990). Apopto-

sis is a naturally occurring process of cell destruction, which

requires metabolic energy to synthesize de novo RNA and

protein (Oppenheim, 1991) and is characterized by cell

shrinkage, membrane blebbing, fragmented nuclei with

condensed chromatin and the formation of apoptotic bodies

(Orrenius and Nicotera, 1994). In contrast, necrosis is non-

physiological accidental cell death and is characterized by

mitochondrial swelling and a loss of plasma membrane

integrity without severe damage to nuclei (Sapolsky,

2001). However, the type of neuronal death related to Glu

excitotoxicity is still controversial. Some groups have

reported that Glu induced necrosis (Choi et al., 1987; Dessi

et al., 1993; Sohn et al., 1998), but others reported features of

apoptosis (Kure et al., 1991; Bonfoco et al., 1995; Finiels et

al., 1995). Althought detail is unclear, intensity of the Glu

insult and difference in brain region may determine the fate

of neurons to be either apoptotic or necrotic death. Acute

neuronal death under our experimental conditions may be

necrotic because neurotoxicity was not affected by cyclo-

heximide and actinomycin D (data not shown). Also, we

revealed that the protective action of serofendic acid against

acute Glu neurotoxicity was not affected by cycloheximide

and actinomycin D. Therefore, these results indicate that

serofendic acid prevents necrotic neuronal death induced by

acute exposure to Glu and de novo protein synthesis is not

required for this neuroprotection.

In conclusion, the present study demonstrated that NO

acts as a mediator of acute Glu neurotoxicity and serofendic

acid prevented NO-mediated acute Glu neurotoxicity in

cultured cortical neurons. This neuroprotective effect of

serofendic acid did not require de novo protein synthesis

and the opposite configuration in the sulfoxide group does

not influence the neuroprotective activity of serofendic acid.

Therefore, serofendic acid may prevent neuronal death,



R. Taguchi et al. / European Journal of Pharmacology 477 (2003) 195–203202
interacting with functional molecules that act in key stages

of NO-mediated Glu neurotoxicity and promote neuronal

survival by augmenting the resistance to radical stress in

CNS neurons.
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