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Abstract 
Glucocorticoids have diverse effects in cellular processes in hippocampus (HIPPO) 
under stress. Beside genomic pathways, their effects are also mediated by direct 
activation of subfamily of mitogen-activated protein kinases termed, c-Jun-N-
terminal kinases (JNKs). We analysed the phosphorylation status of cytoplasmic 
and nuclear JNK isoforms, and expression of its inhibitor Hsp70 protein in HIPPO 
of rats exposed to diverse types of stress. Activity of JNK1 in cytoplasm and nu-
cleus was decreased in all types of stress, while the activity of cytoplasmic JNK2/3 
was markedly higher in acute stress, and unaltered or lowered in chronic and com-
bined stress. Hsp70 was significantly decreased in cytoplasm and increased in nu-
cleus under all stress conditions indicating its cytoplasmic-nuclear translocation. 

Introduction 
Hippocampus (HIPPO), part of limbic brain system, has a crucial role in response 
to stress by mediating inhibition of the hypothalamic-pituitary-adrenal (HPA) axis 
[1]. Stress hormones modulate brain functions by changing the structure of neurons 
and thus influencing neuronal damage or suppressing neurogenesis and cell sur-
vival [2]. Except for glucocortiocoid receptors, which are the main molecular regu-
lators of stress response, MAPKs are also sensitive to stress and activated by it [3]. 
The JNK family belongs to the MAPKs and it is comprised of three isoforms 
(JNK1, 2 and 3) which have been mainly considered as degenerative signal trans-
ducers and efficient activators of apoptosis in nervous system [4]. To prevent cellu-
lar damage, cells activate the transcription of heat shock proteins. Hsp70 mediates 
neuroprotection and its overexpression was shown to protect HIPPO neurons from 
cytotoxic effects of stress [5]. We studied how different stress types (acute, chronic 
or combined) alter JNKs activity, expression level of Hsp70 protein and cytoplasm-
nuclear translocation of both proteins in the HIPPO of Wistar rat brain. 

Experimental 
The adult Wistar male rats used in experiment were divided into four groups: (I) 
unstressed animals (controls); (II) acute immobilization, 30 min; (III) chronic isola-
tion stress for 21 day; (IV) chronic isolation followed by 30 min immobilization. 
HIPPO samples were prepared by differential centrifugation and separated by SDS-
electrophoresis. Western blot was performed using: anti-human JNK1/JNK2 
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monoclonal antibody, phospho-SAPK/JNK antibody, Hsp70 antibody and rabbit 
polyclonal anti-β-actin, for detection of Hsp70 and β-actin, respectively. 

Results and Discussion 
Effect of stress on JNKs activity: We estimated JNK1 (46kDa) and JNK2/3 
(54kDa) activities in the cytoplasm and nucleus of HIPPO under stress conditions 
by following its phosphorylation at Thr183 and Tyr185 that are crucial for their 
activation (Figure 1a and b). The ratio of pJNK1 to total (tJNK1) i.e. pJNK1/tJNK1 
indicated that cytoplasmic and nuclear JNK1 phosphorylation was low in all types 
of stress in respect to control. Only in the case of acute stress the phosphorylation 
of nuclear JNK1 was not significantly changed (Figure 1b and d). In contrast, the 
activation of cytoplasmic JNK2/3 was markedly higher in acute stress, while it was 
unaltered or lowered in other types of stress (Figure 1a and c).  
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
Figure 1. Western blot demonstrating the effects of acute immobilization, chronic isolation or the 
combined stress on the levels of JNKs (JNK1 at 46kDa and JNK2/3 at 54kDa) and their phospoiso-
forms in cytoplasm (a) and nucleus (b) of hippocampus. Phospo JNK immunoreactivities represented 
as ratio of 54kDa pJNK/tJNK (c) or 46kDa pJNK/tJNK(d). Results are presented as mean±S.E.M 
(n=8) *p<0.05, **p<0.01, ***p<0.001. 
 
Effect of stress on the Hsp70: In parallel with JNKs activity we investigated cy-
toplasmic and nuclear levels of Hsp70 in acute, chronic and combined stress. The 
cytoplasmic level of Hsp70 was significantly decreased under all stress conditions 
(Figure 2a and c). Increase in nuclear Hsp70 indicated its cytoplasmic-nuclear 
translocation in all types of stress, with most prominent elevation under chronic 
stress (Figure 2b and c).  
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Figure 2. Western blot demonstrating the effects of acute immobilization, chronic isolation or the 
combined stress on the level of Hsp70 in cytoplasm (a) and nucleus (b) of hippocampus.Hsp70 immu-
noreactivities (c) are represented as mean±S.E.M (n=8, *p<0.05, **p<0.01, ***p<0.001. 
 
Overall, the decreased activity of all JNK isoforms in both cell compartments un-
der all stress conditions could led to interruption of JNKs signaling, which may 
influence neurodegeneration or neural cell remodeling (neural plasticity). Nuclear 
translocation of Hsp70 on the other side may represent an adaptive mechanism to 
stress conditions by diminishing JNKs action.  

Conclusion 
Since both JNK isoforms (46kDa and 54kDa) are downregulated in both cytoplas-
mic and nuclear compartments, and Hsp70 is simultaneously translocated to the 
nucleus under most of the stress conditions, the degenerative JNKs function may 
be influenced by Hsp70 enabling cell adaptation or remodelling particularly under 
severe stress conditions. 
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