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ABSTRACT—The effects of an ether extract of fetal calf serum (EE-FCS) on glutamate-induced cytotoxicity
were examined using primary cultures of rat cortical neurons. The simultaneous addition of EE-FCS and
glutamate reduced glutamate cytotoxicity in a concentration-dependent manner. EE-FCS also reduced the
cytotoxicity induced by S-nitrosocysteine, a nitric oxide (NO) donor. The findings indicate that EE-FCS
contains lipid-soluble, non-peptide substances with neuroprotective actions against NO-mediated glutamate

neurotoxicity.
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The neurotoxicity of glutamate is associated with a
wide range of neurological disorders including hypoxic-
ischemic brain injury (1, 2). In cultured cortical neurons,
glutamate induces Ca®" influx via N-methyl-D-aspartate
(NMDA) receptors and triggers formation of nitric oxide
(NO). NO diffuses to adjacent cells, resulting in the ap-
propriated physiological responses and glutamate-related
cell death. Thus, NO is regarded as a key substance in
NMDA -receptor-mediated glutamate neurotoxicity in the
cerebral cortex (3, 4). In search of endogenous substances
that protect against glutamate neurotoxicity, we found
that the conditioned medium of the striatal cultures (CM)
reduced glutamate neurotoxicity. Moreover, fetal calf
serum (FCS), contained in CM, also reduced glutamate
neurotoxicity. This finding led us to investigate the neuro-
protective action of FCS. We report here the protective
effect of an ether extract of FCS (EE-FCS) in cultured
cortical neurons against glutamate cytotoxicity and
reduction of cytotoxic action of NO.

Primary cultures were obtained from the cerebral cor-
tex and the striatum of fetal rats (1719 days of gesta-
tion). The procedures have been described previously
(5—-7). Cortical cultures were incubated in Eagle's
minimal essential salt medium (MEM) supplemented
with 10% heat-inactivated FCS (1-7 days after plating)
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or 10% heat-inactivated horse-serum (8—12 days after
plating), glutamine (2 mM), glucose (total of 11 mM),
NaHCO; (24 mM), and HEPES (10 mM) at 37C in a
humidified 5% CO, atmosphere. Striatal cultures were
maintained with the medium containing 10% FCS. After
6 days of plating, non-neuronal cells were removed by
addition of 10 uM cytosine arabinoside. Only mature
(10—-12 days in vitro) cultures were studied. All experi-
ments were performed in Eagle’s MEM at 37C. Cell
viability was assessed by means of trypan blue exclusion.
Over 200 cells per coverslip were counted to determine the
viability. In each experiment, cells on 5 coverslips were
counted to obtain means=S.E.M. of the cell viability.
The statistical significance of the data was determined by
Dunnett’s two-tailed test. Drugs used were FCS (JRH
Biosciences, Lenexa, KS, USA), (+)-MK-801 hydrogen
maleate (MK-801; Research Biochemicals Co., Natic,
MA, USA) and monosodium glutamate (Nacalai Tesque,
Kyoto). S-Nitrosocysteine (SNOC) was prepared as previ-
ously described (8).

Sixty milliliters of CM was obtained by incubating
striatal cultures (about 2 X 10® cells when plated) in the
medium containing 10% FCS and 500 M glutamate for
2 hr, and then it was lyophilized, dissolved in a small
volume of 1% acetic acid and used for chromatography
over a Sephadex G-25 column or for ether extraction.
Elution by the Sephadex G-25 column was performed to
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remove ingredients with small molecules such as gluta-
mate. For column chromatography, lyophilized CM was
redissolved in 1% acetic acid in a volume of 3 ml and
applied to the Sephadex G-25 column (17 X2 cm). The
column was eluted with 1% acetic acid with the elution
velocity of 3 ml/tube. While monitoring the elution pat-
tern by ultraviolet absorbance at 280 nm, 3-ml fractions
were collected (total of 5 fractions). Neuroprotective
activity was investigated in fractions 2—4, which cor-
responded to the 5th—7th tubes obtained from the gel
filtration chromatography (Fig. 1A). For ether extrac-
tion, CM and FCS were extracted with the same volume
of ether. Then the dried extracts were dissolved in a small
amount of ether and added to 2.5 ml of incubation me-
dium. The medium was then incubated at 37°C for 1 hr
to vaporize ether. Such a treatment of the medium with
ether alone did not affect glutamate cytotoxicity. For the
bioassay of the ether extracts, 6 ml ether extract of CM
(EE-CM), 1 ml EE-FCS and 10 ml EE-FCS contained
ether-soluble ingredients of FCS at the original volume of
6, 1 and 10 ml, respectively.

A 1-hr exposure to glutamate (500 zM) induced a sig-
nificant reduction in the viability of cortical cultures but
not in that of striatal cultures. Glutamate exposure must
exceed 4 hr to observe significant cytotoxicity in striatal
cultures (7). Figure 1A summarizes protective effects of
CM against glutamate cytotoxicity. For samples eluted

A B

with column chromatography, significant reduction of
glutamate cytotoxicity was observed with fraction 2 but
not with fractions 3 and 4. For the sample eluted with
ether, 6 ml EE-CM markedly reduced glutamate cyto-
toxicity with an activity similar to that of 1 M MK-801, a
NMDA-receptor antagonist. Thus, the study was focused
on the non-peptide and hydrophobic components.

As we found in pilot studies that EE-FCS also pos-
sessed neuroprotective activity, though weaker than that
of EE-CM, we assumed that EE-FCS contains neuro-
protective substances with properties similar to that of
EE-CM, Figure 2 shows examples of protective effects of
EE-FCS against the cyototoxicity induced by glutamate
and SNOC which spontaneously releases NO. A 1-hr ex-
posure of the cortical cultures to either 500 M glutamate
or 100 #M SNOC markedly increased the number of cells
stained by trypan blue (Fig. 2, Ab and Bb). Concomitant
addition of 10 ml EE-FCS with either glutamate or SNOC
reduced the number of cells stained by trypan blue (Fig.
2, Ac and Bc). As shown in Fig. 1B, 1-hr exposure to 10
ml EE-FCS alone did not affect cell viability, but EE-FCS
reduced glutamate cytotoxicity in a concentration-de-
pendent manner. Moreover, 10 ml EE-FCS significantly
reduced SNOC cytotoxicity (Fig. 1C).

Both EE-FCS and EE-CM protected cultured cortical
neurons against glutamate cytotoxicity. As EE-CM was
more potent than the samples of CM eluted by Sephadex
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Fig. 1. Effects of the conditioned medium of the striatal cultures (CM) and the fetal calf serum (FCS) on cytotoxicity induced
by glutamate (Glu) and S-nitrosocysteine (SNOC) in cultured cortical neurons. Cultures were exposed to either glutamate or
SNOC for 1 hr. Samples eluted with the Sephadex ¢olumn (Fractions No. 2—4), 6 ml ether extract of CM (EE-CM), MK-801
(1 xM), and 1 and 10 ml ether extract of FCS (EE-FCS) were added to glutamate-containing or SNOC-containing medium.
Cont.: control (non-treated cultures). **P<C0.01, compared with glutamate-treated group (A and B) or SNOC-treated group
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Fig. 2. Effects of ether extract of fetal calf serum (EE-FCS) on cytotoxicity induced by glutamate (A) and S-nitrosocysteine
(SNOC, B). Cultures were exposed to either glutamate (500 ¢M) or SNOC (100 uM) for 1hr. EE-FCS was added to
glutamate-containing medium. Culture fields were photographed after trypan blue staining followed by formalin fixation. Aa
and Ba indicate the non-treated cells (control). Ab and Bb show glutamate- and SNOC-treated cells, respectively. Ac and Bc
shows cells treated with 10 ml EE-FCS plus glutamate and cells treated with 10 ml EE-FCS plus SNOC, respectively.

column, the study was focused on the ether extract. Con-
comitant application of EE-FCS with glutamate sig-
nificantly reduced glutamate cytotoxicity, indicating that
EE-FCS contains substances possessing inhibitory actions
on the cascade starting from NMDA-receptor stimula-
tion. Because it prevented the cytotoxicity of an NO
donor, the neuroprotective action of EE-FCS is at least
partly due to its ability to reduce NO-mediated cytotoxic-
ity. This activity resembled those of brain-derived neuro-
trophic factor and vitamin By, analogs, although these
substances prevented glutamate cytotoxicity only after
chronic application (9, 10). Further studies are required
to isolate neuroprotective substances from EE-FCS.
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