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Effect of melatonin on hippocampal CA3 pyramidal cells following dexamethasone 
treatment in mice 
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Abstract 
 Prolonged exposure to dexamethasone (DEX), a synthetic glucocorticoid receptor agonist, has been shown to induce 
neuronal cell death in the hippocampus. Cell death is particularly pronounced in the CA3 pyramidal neurons, inducing 
cognitive dysfunction. The aim of this study was to investigate the effect of melatonin on hippocampal CA3 pyramidal cells in 
dexamethasone treated mice. The mice received a daily injection (i.p.) of dexamethasone at 60 mg/kg for 21 days. Melatonin 
(10 mg/kg) was injected (i.p.) before dexamethasone treatment for 30 minutes. Hippocampal CA3 damage was investigated 
by 0.1% cresyl violet staining. The co-treatment with melatonin 30 min prior to dexamethasone was found to significantly 
protect against the morphological changes and neuronal loss in the CA3 region. These results suggest that melatonin may have 
a protective effect against neuronal cell damage following dexamethasone treatment, and this may be helpful for improving 
brain cognitive function. 
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tressfuliconditionsicaniprecipitateianxietyiandidepression 
which can lead to excessive production of free radicals, 
which in turn results in oxidative stress. Stressful events 

also induce the release of adrenal stress hormones, including 
catecholamines and glucocorticoids.1-3 Chronic stress or 
prolonged exposure to high levels of corticosterone induces 
neuropathological alterations, such as dendritic atrophy in 
the hippocampal or striatal neurons.4,5 Similarly, 
administration of dexamethasone (DEX, a glucocorticoid 
receptor agonist) mimics the increased plasma level of 
corticosterone and harmful effects of DEX have been 
reported after the acute or prolonged administration of this 
drug.1-3 Moreover, administration of DEX has been shown  to 
produce neuronal cell death in CA3 and dentate gyrus of the 
hippocampus.6 Dexamethasone has been reported to endanger 
hippocampal neurons by exacerbating the excitotoxic 
glutamate-calcium-reactive oxygen species (ROS) cascade.7,8 
Recently, melatonin has been proposed to have antioxidant 
activity and anti-inflammatory effects against various 
pathophysiologic mechanisms.9,10 This compound has been 
found to prevent methylphenyltetrahydro-pyridine (MPTP) 
induced cell damage to the substantia nigra in experimental 
Parkinsonism, thereby preventing disease progression in the 
animals.11,12 Melatonin pretreatment reduced cerebral infarct 
size and edema after middle cerebral artery occlusion 
andoischemia-reperfusionoinjuryoinorats.13ooFurthermore, 
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many studies examining the neuroprotective effects of 
melatonin in various regions of the central nervous system 
have been demonstrated.14 
  The aim of this study was to investigate the effect of 
melatonin treatment on hippocampal CA3 cells following 
dexamethasone treatment in mice. 
 

Materials and methods 
Animals 
  Adult male ICR mice (25-30 grams) obtained from the 
National Laboratory Animal Center, Mahidol University 
Salaya Campus were used in this study. The experimental 
protocols conformed to the Home Office (UK) Animal 
Scientific Procedure Act 1986, and were approved by the 
animaljcarejandjusejcommitteejofjMahasarakhamjUniversity. 
Mice were housed one per plastic cage in a room. Animals 
were maintained on a 12:12 h light/dark cycle in an air-
conditioned constant temperature (24 + 2°C) room, with 
free access to food (normal rodent food) and water.  
 
Chemicals 
  Dexamethasone was purchased from T.P. Drug 
Labolatories Co.,Ltd., Thailand and melatonin was 
purchased from Sigma Chemical Co., St. Louis, Mo.  
 
Drug preparation 
 Melatonin was freshly prepared before injection. 
Melatonin (10 mg/kg)15 was dissolved in a small volume of 
ethanol and then diluted with saline. Final concentration of 
ethanol was 5%. Melatonin solution tubes were wrapped in 
aluminum foil to prevent light-induced degradation. 
 
Experimental design 
  Mice were randomly divided into four groups  
(6 animals/ group). The first group (control group), mice 
were i.p. injected with vehicle followed by 0.9% NSS 1 
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ml/kg. The second group (DEX group), mice were treated 
with vehicle followed by dexamethasone 60 mg/kg (i.p.).16 
The third group (Mel group), mice were injected with 
melatonin (10 mg/kg) followed by 0.9% NSS 1 ml/kg (i.p.). 
The fourth group (Mel+DEX group), mice were injected 
with melatonin (10 mg/kg) followed by dexamethasone 60 
mg/kg (i.p.). Vehicle (5% ethanol in 0.9% NSS) or 
melatonin was administered 30 min before the 0.9% NSS or 
dexamethasone treatment. Mice were injected with vehicle, 
melatonin and dexamethasone once daily between 5.00 pm 
and 6.00 pm for 21 days.  
 
Histological study 
 After 21 days treatment, mice were deeply  
anesthetized with sodium pentobarbital (45 mg/kg, i.p.)  
and perfused transcardially with 0.1 M phosphate-buffered 
saline (PBS, pH 7.4), and followed by 0.1% glutaraldehyde 
and 4% paraformaldehyde in 0.1 M phosphate buffer. The 
brain was removed and post-fixed with the same fixative 
overnight at 4°C. Following cryoprotection in 30%  
sucroseiin 0.1iMiPBS overnight ati4°C, free-floating coronal 
sections at the level of the dorsal hippocampus were cut at 
25 µm thickness on a cryostat microtome according to the 
stereotaxic atlas of the mouse brain.17 These were stored  
in 0.1 M PBS at 4°C prior to 0.1% Cresyl violet staining. 
 Hippocampal CA3 pyramidal cell counts and thickness 
were analyzed using systematic random sampling 
techniques. All microscopic analyses were conducted on a 
digital Axio Cam ICC3 analysis system (Carl Zeiss, 
Germany) at 20× magnification and the numbers of neurons 
were counted (UTHSCA Image Tool for Windows version 
3.0 software) 
 
Data analysis  
 Statistical analysis of the data was performed by one-
way analysis of variance (ANOVA) followed by post hoc 
Duncan’s multiple range tests. Results are presented as 
means±S.E.M. A level of P < 0.05 was accepted as 
statistically significant. 

 
Results 
Effects of melatonin on CA3 thickness   
 After treatment for 21 days, the thickness of the CA3 
pyramidal cell layer in the DEX group was significantly 
less than the control and Mel group (P<0.05). In melatonin 
pretreated mice (Mel+DEX group), the neurons of the 
hippocampal CA 3 regions were significantly preserved 
compared to mice receiving dexamethasone treatment only 
(P<0.05) (Figure 1). 

 
Figure 1. Quantitative analysis of CA3 pyramidal layer thickness. 
Values are expressed as means±SEM per section. The CA3 
pyramidal layer thickness in the dexamethasone treated group was 
significantly less than control group (P<0.05) and the CA3 pyramidal 
layer thickness in the Mel+DEX group was significantly more than 
DEX group (P<0.05). Six mice were used for each treatment group. 
*P<0.05, compared with control group; **P<0.05, compared with 
dexamethasone treated group. 

 
CA3 cell number 
 QuantitativeianalysisiofitheinumberiofiCA3ihippocamp
al neurons in the DEX group indicate significantly lower 
number than in the control group (P<0.05). Furthermore, the 
number of CA3 hippocampal neurons in the Mel+DEX 
group was significantly higher than the dexamethasone 
treated group (P<0.05). This data revealed that melatonin 
attenuated dexamethasone-induced neuronal loss in the CA3 
cells layer (Figures 2 and, 3). 
 

 
Figure 2. Quantitative analysis number of neuronal cells in CA3 
hippocampal subfield. Values are expressed as means±SEM per 
section. Number of CA3 neuronal cells in the dexamethasone 
treated group was significantly less than control group (P<0.05) and 
theinumberiofiCA3ineuronalicellsiin the melatonin-pretreated groups 
was significantly more than dexamethasone-treated group (P<0.05). 
Six mice were used for each treatment group. *P<0.05, compared 
with control group; **P<0.05, compared with dexamethasone 
treated group 
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Figure 3. Photomicrographs of 0.1% cresyl violet staining  
in the hippocampus CA3 region are shown for (A-B): control  
(Cont.) group; (C-D): dexamethasone (DEX) treated group; (E-F): 
melatonin (Mel) treated group and (G-H): melatonin-pretreated 
(Mel+DEX) group. Morphological changes in pyramidal neurons 
were observed in CA3 in DEX treated mice (arrows). Scale bar = 
200 µm in panels A, C, E and G. Scale bar = 50 µm in panels B,  
D, F and H. 
 
Discussion 
  Elevated circulating adrenal steroids secreted during 
stressful situations may be involved in triggering 
morphological alterations in the brain. Repeated restraint 
stress or daily treatment with corticosterone induced a 
reversible atrophy and loss of hippocampal CA3 pyramidal 
neurons in rats.18,19 A prenatal treatment with high doses of 
dexamethasone in rhesus monkeys resulted in an 
approximately 30% reduction of hippocampal size later in 
life.20 Moreover, the influence of activated glucocorticoids 
on oxidative stress-induced neuronal cell death in  
vitro has been investigated by employing hippocampal 
model systems.21 The effects of both dexamethasone and 
stress-induced glucocorticoids  on hippocampus damage 
and memory dysfunction have also been reported.22,23 
Additionally, dexamethasone has been suggested to 
endanger hippocampal neurons by exacerbating the 
excitotoxic glutamate-calcium-reactive oxygen species 
(ROS) cascade.7,8 The present study demonstrated that 
subchronic dexamethasone treatment caused hippocampus 
morphological change and a decrease in CA3 pyramidal 
neurons. These effects may be due to oxidative stress 
enhancement. Additionally, melatonin pretreatment 
prevented impairment of neurons in the CA3 region induced 
by dexamethasone. In this case, melatonin administration 
has been shown to be effective in counteracting the 
oxidative stress conditions induced by dexamethasone.  

This is likely to be due to melatonin has a remarkable anti-
oxidant activity and plays a crucial role in the genesis of 
neurodegenerative diseases. In addition to scavenging 
oxygen free radicals like super oxide radical (O2-), 
hydroxyl radical (*OH), peroxyl radical (LOO*) and 
peroxynitrite anion (ONOO-), melatonin enhances the 
antioxidative potential of the cell by stimulating the 
synthesis of antioxidative enzymes like superoxide 
dismutase (SOD), glutathione peroxidase (GPX), and also 
the enzymes that are involved in the synthesis of 
glutathione.24 A disturbance of melatonin rhythm and 
secretion has also been noted in patients suffering from 
certain neurodegenerative diseases.25 Taken together, these 
finding indicated that melatonin has a neuroprotective role. 
However, the precise mechanism by which melatonin 
prevents dexamethasone-induced impairment of CA3 
neurons needs to be further investigated. 
 
Conclusion 
  In our study, melatonin was found to prevent neuronal 
loss from dexamethasone treatment in adult hippocampus 
CA3 regions. Therefore, melatonin may be helpful for 
ameliorate CA3 neuronal impairment caused by 
dexamethasone treatment which may be useful for 
preventing impairment of brain cognitive function. 
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