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Figure 3.  Docosahexaenoic acid (DHA) prevented corticosterone (CORT)-induced changes in the cellular composition of rat mixed cortical cultures. (A) Representative 
photomicrographs of cells immunocytochemically stained for �III-tubulin (green), glial �brillary acidic protein (GFAP) (red), and bisbenzimide (blue). (B) Quanti�ca-
tion of total cells stained with bisbenzimide. (C) Percentage composition of �III-tubulin+cells (D) and GFAP+cells. Scale bar = 50 �m. Intergroup comparisons: *P�<�0.05, 
**P�<�0.01 compared with control; &P�<�0.05 and &&&P�<�0.01 compared with CORT (200��M). Data are presented as mean – SEM (n�=�3).

Figure 4.  Docosahexaenoic acid (DHA) prevented corticosterone (CORT)-induced apoptosis in rat mixed cortical cultures. (A) Representative photomicrographs of cells 
immunocytochemically stained for terminal deoxynucleotidyl transferase�mediated nick-end labeling (TUNEL) (red), �III-tubulin (green), and bisbenzimide (blue). (B) 
Percentage composition of TUNEL+cells. (C) Percentage of �III-tub+TUNEL+/ �III-tub+cells. Scale bar = 100 �m. Intergroup comparisons: **P�<�0.01 compared with control; 
&P�<�0.05 and &&P�<�0.01 compared with CORT (200��M). Data are presented as mean – SEM (n�=�3).
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BDNF mRNA and Protein Expression Levels

Subsequently, we wished to establish whether CORT-induced 
GR downregulation in neurons is associated with reductions in 
the neurotrophin BDNF mRNA levels and whether such effects 
are reversed by DHA intervention. In CORT-treated (200��M, 72 
hours) rat mixed cortical cultures, we found a signi�cant reduc-
tion in BDNF (P < .05) expression levels. DHA reversed the CORT-
induced decrease in BDNF mRNA expression levels, as shown 
in Figure�5C. However, no changes were observed at BDNF pro-
tein levels in any of the experimental groups upon treatment 
(Figure�5D-E).

Discussion
The present study demonstrates a key role for DHA in reversing 
CORT-induced cellular changes in cerebral cortex. Speci�cally, 
we show that CORT-induced cellular toxicity exerts a bimodal 
effect on the neuronal and glial cell composition, which is abol-
ished by DHA treatment in vitro. We demonstrate that DHA 
reverses CORT-induced neuronal apoptosis and attenuates 
CORT-induced reductions in BDNF expression levels in these 
cultures. We show that DHA inhibits CORT-induced downregu-
lation of GR expression on neurons.

We �rst demonstrated that CORT, in a dose- and time-
dependent manner, reduces rat cortical cell viability. In accord-
ance with our �ndings, a CORT-dependent decreased cellular 

viability in different rat brain areas such as cortex (Liu et� al., 
2010a, 2010b), hippocampus (Zhou et�al., 2000), and hypothala-
mus (Zhang et�al., 2012) has been already shown. We also dem-
onstrated that CORT treatment increased the n-6:n-3 fatty acid 
ratio. A� higher n-6:n-3 ratio has been previously associated 
with the development of stress-related pathologies (Maes et�al., 
1996; Peet et�al., 1998). Interestingly, our study showed differen-
tial CORT effects on the cellular composition of the rat mixed 
cortical primary culture. Indeed, the percentage composition of 
neuronal cells was reduced by CORT, whereas the percentage 
of astrocytes was increased. Speci�cally, our data also showed 
that cortical neuronal cell death was induced by apoptosis. That 
CORT decreases the number of neurons is in line with earlier 
in vitro and in vivo investigations at cortical, hippocampal, and 
hypothalamic levels (Sapolsky et� al., 1985; Crochemore et� al., 
2005; Liu et� al., 2010a, 2010b; Zhu et� al., 2013). However, evi-
dence of the impact of glucocorticoids on glial cells is limited. 
Bridges et� al. (2008) have shown that chronic CORT adminis-
tration, over a period of 21�days, increases astrocyte numbers 
in the CA1 hippocampal region of both male and female rats. 
Accordingly, it has been shown that stress increases the hip-
pocampal GFAP-immunoreactive astrocytes by 30% compared 
with control (Lambert et� al., 2000). However, the meaning of 
astrocyte overgrowth subsequent to stress or CORT treatment 
remains unknown. This phenomenon could be considered as 
part of a greater neuronal damage by impeding the neuron-glia 
interaction. Indeed, astrogliosis has been shown to impede the 

Figure 5.  Docosahexaenoic acid (DHA) prevented corticosterone (CORT)-induced changes in the glucocorticoid receptor (GR) and in the gene expressions of rat mixed 
cortical cultures. (A) Representative photomicrographs of cells immunocytochemically stained for �III-tubulin (green) and GR (red). (B) Mean densitometry analysis of 
GR protein in �III-tubulin+cells. Scale bar = 100 �m. (C) Relative brain derived neurotrophic factor (BDNF) gene expression from RNA extracted by rat mixed cortical cul-
tures. (D- E) BDNF protein expression levels in rat mixed cortical cultures. Intergroup comparisons: **P�<�0.01 compared with control, &&P�<�0.01 compared with CORT 
(200��M). Data are presented as mean – SEM (n�=�3).








