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Nerve growth factor prevents nitric oxide release and
nitric oxide synthase gene expression induced
by glutamate in primary cortical cultures of fetal rats
WU Jun-Fang WANG Pingl ZHANG Jun-Tian

(Dept . of Pharmacology, Institute of Materia Medica,

Chinese Academy of Medical Sciences Chinese Union Medical University,
Beijing 100050 ! Shangrao Secondary Hospital )

Aim  To study the effects of nerve grow th factor (NGF) on nitric oxide (NO ) release
and constitutive nitric oxide synthase (¢cNOS) gene expression induced by glutamate
(Glu) in cortical neuronal cultures. Methods Neuron viability was measured to assay
NGF effect. NO content and the expression of cNOS mRNA were determined by fluo-
Glu (0.5~2.0 mmol/L)
induced a marked increase of neuronal death and NO content in cultured cerebral cortical
neurons. L-NAME (100 zmol”L) and NGF (100 ;Ag/L) significantly increased neuronal
surviving and decreased NO release. Hemolglobin (Hb), which binds NO, completely
prevented Gluinduced cell death and NO release at 500 pumol” L. NGF (50, 100 pg” L)

significantly inhibited cNOS mRNA expression induced by Glu (0.5 mmoV'L). Conclu-

rometric method and Northern blotting respectively. Results

sion

NO mediates Glu neurotoxicity in cortical neuronal cultures and NGF protects

the neurons against G lu neurotoxicity via inhibiting the activity of ¢cNOS and the release

of NO.
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Nitric oxide (NO) has recently been rec-
ognized as an important neuromodulator and
neurotransmitter in the central nervous system
12 But excessive NO release may lead to the
then death.
(NMDA) causes release

of NO from rat spinal cord in vitro and NO

meurotoxicity, and neuronal

N-methyl-D-aspartate

mediates glutamate neurotoxicity in primary
. 3.4 . .
cortical cultures' ™. Recent data indicated that

nerve grow th factor (NGF) prevents glutamate

1998— 08— 31 &A%, 1998— 00— 18 4=

R, &, 34 8RR, BEHL LB £ 2T T,
AP LR Th I,

kHm, B, 66 %, #i%, PELHEFLEEFR, T EAFVEY

HEF R,

nerve growth factor ; cerebral cortex ; cell ; culture ; glutamic acid ; nitric

toxicity in hippocampal and cortical neuronal
cultures ™ . Up to now, the molecular mecha-
nisms of NGF against glutamate neurotoxicity
have not been elucidated. In the present studys,
rat primary cortical cultures were used to ex-
plore the relationship between NO and NGF a-
gainst glutamate toxicity.

1  Materials and Methods

NGF, the purity =95%, was
obtained from Chinese Academy of Military
Medical Sciences. L-Glutamic acid (Glu), L-
Arginine (L-Arg), NG-nitro-Larginine methyl
ester (L-NAME) and hemoglobin (Hb) were
Dulbecco s M odified

1.1 Reagents

purchased from Sigma
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Eagle Medium (DMEM) was a Gibco product.
The probe of constitutive nitric oxide synthase
(cNOS) ¢DNA was obtained from Beijing
Medical University. a-"P<dCTP (111X 10 ° GB
q/mol) was purchased from Beijing Furei Ra-
dioactive Isotope Co..’H Cu R (27X 10 ¥ Bg)
was a product of Shanghai Radiomedicine In-
stitute. All other reagents were of purity of
AR.

1.2 Cell culture'”
cultures were prepared from cerebral cortex of

fetal rats (16 ~18 d gestation). The tissue was

Primary dissociated cell

dissected , incubated in 0. 125% trypsin for 15
min, and then transferred to DM EM contain-
ing 10% horse serum and 10% fetal bovine
serum. The cortex was mechanically dissociat-
ed by gentle triturate 20 ~30 times with a pol-
ished pipette. The isolated brain cells were fil-
tered through nylon (200 mesh, hole width 95
pm) and plated at a density of 1>X 10 %/ ml in
L-polylysine-coated 24-well plates or 250 ml
bottles. Cells were maintained in grow th
medium consisting of 90% DMEM, 5% horse
serum and 5% fetal bovine serum at 37 C in
5% CO 2" humidified atmosphere. The medium
w as changed twice weekly.

1.3 Experiments with glutamate and NGF
Experiments were performed in 8 ~10 day -old
cultures because previous studies showed that
at this time in culture the neurons are vulnera-
ble to Glu toxicity and can be protected against
excitotoxic and metabolic insults by neu-
rotrophic factors'™ . Before application of Glu,
the cells were washed two times with Locke s
solution without MgH (NaCl 154, KCI 5.6,
NaHCO3 3.6, CaCl22.3, glucose 5.6, HEPES
5mmol” L, pH 7.4), and then incubated with
Glu for 30 min . L-NAME, Hb, or NGF were
added prior to Glu in the Locke s solution and
incubated at 37 Cfor 24 h. After exposure to

Glu, the medium was replaced by Locke s so-

lution with 0.4% trypan blue, which stains
nonviable cells. Two to four photographs
(10 ~20X ) were made of each well, and viable
versus nonviable cells were counted.

1.4 Measurement of NO and ¢NOS NO
content in culture supernatant was determined

. The cells

were harested, total RNA was extracted with

. 9
by spectrofluorometric method'”

singlestep method'” and hybridized with
¢NOS c¢DNA probe by the method of Northern

blot hybridization i,

2  Results

2.1  Effects of NGF on glutamate neurotxi-
city Glu (0.5 mmol” L) decreased the num-
ber of surviving neurons to 31.3+4.2% (n =6
. L-NAME (100 #mol” L), a potent
NOS inhibitor, inhibited the decreasing of the

number of surviving neurons induced by Glu.

wells)

Addition 1 mmol” L L-A g to the exposure so-

lution completely reversed the effect of
LNAME. Hb, which binds NO, Completely
prevented G luinduced cell death at 500 pmol”
L. NGF 100 ug/L suppressed the death of cor-

tical neurons induced by Glu, the action is

similar to that of L-NAME (Tab 1).
Tab 1
for 30 min with glutamate (0.5 mmol”L) and pre-
treated with NAME (100 #mol” L), Hb (500 #mol”
L), or NGF (100 g’ L) .NAME, Hb, or NGF was

Surviving neurons in primary cultures treated

added 30 min before glutamate respertively (n =6
wells, x £5)

Group Surviving neurons (% of total)
Control 92 44+18 3

G 1u(0. 5 mmol/ L) 31 3£4 2"

G lut+NAM E(100 pmol/ L) 85.2416.4"

G lutHb (500mol/ L) 90 7+19. 5**
Glut-NAME+ L-Arg( 1 mmol/ L) 27.5+t3 7
Glu-NGF(100 g/ L) 84.6+18.5" "

Compared with contwl L8 p<9.01. Compared with Glu
group ™ “P<0.01
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2.2 Effects of NGF on NO release induced
by Glu Glu (0.5~2.0mmol” L) stimulated
the release of NO in cortical cultures by 314%;,
528%, and 695% comparied with Glu-free, re-
spectively. Increase of NO content in cultures
by Glu was antagonized by L-NAME. Hb (500
rmol” L) completely inhibited Glu-induced NO
release. NGF 100 ttg” L. attenuated Glu (0.5~
2.0 mmol/L)-induced release of NO (Fig 1).
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Fig1 Effects of NGF (100 t:g’L), NAME(100 {:mol”
L) and Hb ( 500 #mol” L) on release of NO induced by
glutamate (0.5 ~2.0 mmol” L) in cerebral cortical

neuronal cultures(n =6 wells, ¥ +=)
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Fig2 Effects of NGF (1~100 p1g” L) against gluta-
mate(0.5 mmol” L) neurotoxicity in cultured cortical

neurons (n =6 wells, x %)

NGF (3~100 pg” L) dose-dependently at-

tenuated Glu (0.5 mmol”L)- induced release of
NO. All the four concentrations of NGF ele-
vated the number of surviving neurons in a
concentrationdependent manner (Fig 2).

2.3  Effects of NGF on ¢cNOS mRNA levels
induced by Glu  Fig 3 showed that Glu 0.5
mmol” L stimulated cNos mRNA expression in
cultured cerebral cortical neurons NGF (50, 100
rrg” L) significantly inhibited this ¢tNOS gene
expression (Fig 3).

Fig 3  Effects of NGF (50, 100 }ig/L Jon ¢cNOS mRNA
expressions induced by glutamate (0. 5 mmol L) in cul
tured crebral cortical neurons. Total RNA of cells was
extracted and hybridized with cDNA probe and under-
taken autoradiograph for 10 days
A : control 5 B :glutamate (0.5 mmol” L) ;C and D :
glutamate (0.5 mmol/L)+NGF (50, 100 [1g/L )
3 Discussion

Glutamate may mediate the neurotoxicity
in hypoxicischemic brain injury, selective an-
tagonist of the NMDA subtype of glutamate
receptor may prevent neuronal cell death in an-
imal models of hypoxicischemic brain in-
jury.Glutamate neurotoxicity has also been im-
plicated in neurodegenerative disorders such as
Alzheimer and Huntington diseases. The pre-
sent results showed that glutamate stimulated
the release of NO, indication that NO mediates
glutamate neurotoxicity in neuronal cultures.
L-NAME, an inhibitor of NOS, and Hb, which
binds NO,
death.

prevent glutamate mediated cell
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Excessive glutamate release may lead to
the production of NO through the activation of
the enzyme NOS. The previous data demon-
strated that the constituent calcium-dependent
NOS (¢NOS) is mainly present in cortex s
Our results support this view that glutamate
stimulated ¢tNOS gene expression in cultured
cortical neurons.
T he mechanism by which NO kills cells is
unknow n. Free radical formation has been im-
plicated in various forms of neurotoxicity, and
NO itself is a reactive free radical. NGF in-
hibited the NO release and ¢NOS gene expres-
sion induced by glutamate in cortical cultures.
In addition, Lin er al'" reported that NGF
protected  cortical neurons against gluta-
mate-induced toxicity via“stabilizing” intracel-
lular free calcium ([ Caz‘] i) level or suppress-
ing the rising in [Ca2+] i. So that, loss of cal-
cium homeostasis has been postulated to po-
tentiate neuronal damage through the activa-
tion of NOS and the subsequent production of
NO .The other findings have shown that NGF
increase the activities of antioxidant GHZymCS[6]
All together, NGF may prevent glutamate
neurotoxicity by modulating calcium home-
ostasis, inhibiting the activity of ¢cNOS and the
release of NO.
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