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Neuroprotective effects of estrone on NMDA-induced toxicity in primary cultures of
rat cortical neurons are independent of estrogen receptors. M. KAJTA, W. LASOÑ,
E. BIEÑ, M. MARSZA£. Pol. J. Pharmacol., 2002, 54, 727–729.

It has been hypothesized that some estrogenic metabolites with low hormonal activ-
ity, such as estrone or estriol, may serve as endogenous neuroprotective agents. Since es-
trone naturally occurs in abundance in the human brain, we evaluated its effects on the
NMDA-induced toxicity in primary cultures of the rat cortical neurons. The results
showed that NMDA (1 mM) had toxic effect on the rat cortical neurons on 12, but not on
7 day in vitro. This effect was partially prevented by DL-2-amino-5-phosphonovaleric
acid (AP-5); a competetive NMDA receptor antagonist. Estrone (500 nM) attenuated the
NMDA-induced toxicity in estrogen receptor-independent way. These data support the
hypothesis that toxic effects of NMDA depend on stage of neuronal development and
point to non-genomic neuroprotective actions of estradiol metabolites.

Key words: estrogens, neurotoxicity, cortical culture, NMDA

��������	 
 ���� � ���	�	�	� �� ������������

������ ������� �� ��������

������ ���	
�� �� ���	�������

���� �� ����������� ����� � � !�!"!�#

���$ %�&�'(���

� correspondence� ������� ���	
����������������������������



A growing body of evidence indicates that es-
trogens affect excitotoxic and apoptotic processes
in neuronal cells. Estrogens protect neurons against
different insults, such as anoxia, oxidative stress,
hydrogen peroxide, iron or amyloid-� peptide [3].
It has not been clarified whether these effects are
genomic or non-genomic, especially after demon-
stration of the estrogen receptor-mediated, but not
genomic effects pointing to the presence of mem-
brane estrogen receptors in the striatum and hippo-
campus [6, 9]. Our recent study indicated that es-
triol inhibited excitatory amino acid-induced neu-
ronal damage with similar potency to that of
estradiol, suggesting that estrogenic metabolites
devoid of hormonal activity may serve as endoge-
nous neuroprotective agents [5]. Since estrone ex-
hibits low affinity for estrogen receptors, naturally
occurs in abundance in the human brain [7] and at-
tenuates kainate toxicity in vivo [2], we tested hy-
pothesis whether this steroid may affect the
NMDA-induced toxicity in primary cultures of the
rat cortical neurons.

Neocortical tissue for primary cultures was ob-
tained from Wistar rat embryos on 17th day of ges-
tation and cultivated essentially as described previ-
ously [1, 4]. Animal care followed official govern-
mental guidelines. The cells were suspended in
estrogen-free neurobasal medium supplemented
with B27 (Gibco) and plated at a density of 2 × 10%

cells per square centimeter onto poly-L-lysine (0.01
mg per ml; Sigma) coated multi-well plates (Nunc).
The cultures were maintained at 37°C in a humidi-
fied atmosphere containing 5% CO� and cultivated
for 7 or 12 days prior to experimentation.

Primary neuronal cultures were exposed to N-
methyl-D-aspartic acid (1 mM, NMDA; RBI; and
estrone (500 nM; Sigma), which were added to the
culture media for 24 h, separately or in combina-
tion. Specificity of NMDA-effects was verified
with an NMDA-receptor antagonist, DL-2-amino-
5-phosphonovaleric acid (100 �M, AP-5; Sigma).
An involvement of estrogen receptors in estrone ef-
fects was verified with estrogen receptor antago-
nist; ICI 182, 780 (1 �M; Tocris). AP-5 and ICI
182, 780 were dissolved in DMSO, which was
present in cultures at a final concentration of 0.1%.
Estrone was dissolved in ethanol, which final con-
centration in culture media was 0.1%.

Cell viability was assessed by measuring intra-
cellular esterase activity, which was determined af-
ter 24 h treatment with either neurotoxic (NMDA)

or potentially neuroprotective compound (estrone).
For this purpose the cells were incubated with 2 �M
calcein AM (Molecular Probes) in Locke’s buffer,
at room temperature for 30–60 min. The fluores-
cence of calcein was excited at 485 nm and its
emission was measured at 530 nm with a fluores-
cent plate reader (Fluoroscan Ascent, Labsystems).
Background fluorescence readings (cell-free con-
trol) were subtracted from all values prior to calcu-
lation of results. All data were normalized to the
fluorescence of vehicle-treated cells and presented
as a percentage of control established from 5–7 se-
parate platings ± SEM. Differences between con-
trol and experimental groups were assessed with
one-tailed Student’s t-test, with the significant dif-
ferences marked in the following way: & p < 0.05,
&& p < 0.01 (versus control cultures) and * p < 0.05,
** p < 0.01 (versus NMDA-treated cultures).

The present study has demonstrated that 1 mM
NMDA is toxic to cortical cultures, but only on 12
day in vitro, where it decreases cell survival by
27% (Fig. 1). This effect was only partially inhib-
ited by AP-5 (17% decrease in cell survival), sug-
gesting that either the blockade of NMDA recep-
tors in the culture for 24 h is insufficient or there
are some non-specific mechanisms involved. The
above effects seem to be similar to those observed
by Moore et al. [10], who showed that 24 h treat-
ment of rat cortical neurons with NMDA (0.1 mM)
on 11–13 day in vitro resulted in over 50% increase
in LDH-release, as compared to total LDH released
from lysed cultures.
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Our experiments showed that the NMDA-
induced toxicity was observed in cultures on 12
day, but not on 7 day in vitro. The difference in sus-
ceptibility of the cultures to toxic effects of NMDA
may be due to developmentally determined expres-
sion of NMDA receptor subunits [8]. The toxic ef-
fect of NMDA on 12 day in vitro was attenuated by
estrone at a concentration of 500 nM (Fig. 2). The
effect of estrone (85% cell survival versus 73% cell
survival in NMDA-treated cultures) was independ-
ent of the presence of estrogen receptor antagonist,
ICI 182, 780 (82% cell survival), suggesting non-
genomic rather than genomic action of the steroid.
Accordingly, Regan and Guo, demonstrated that 24 h
exposure of mouse cortical cells (neurons plated on
confluent glial cultures) to estrone (30 �M) inhibi-
ted the NMDA-induced LDH-release by about
25% [11]. Although their result is similar to that
observed in the present study, in our experiments
estrone was effective at much lower concentration.

Summarizing, our data support the hypothesis
that toxic effects of NMDA depend on stage of
neuronal development and indicate that estrone at-
tenuates the NMDA-induced toxicity in cortical
neurons, affecting the cell survival independently
of estrogen receptors.
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