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ackground: Previous studies have shown the importance of Brain Derived Neurotrophic Factor (BDNF) 

in different cognitive processes including learning and memory. Some previous studies have showed 

variations of BDNF protein during the day. But still there is no data that shows any circadian variation 

of BDNF in the brain of rodents. So, this study was aimed to determine any circadian variation of BDNF protein 

in brain structures involved in cognitive processes.  

Methods: Male Arvicanthis ansorgei diurnal rats were sacrificed at different zeitgeber times (ZT21, ZT17, ZT13, 

ZT9, ZT5 and ZT1). ZT12 and ZT0 defining lights off and on respectively. The brains were removed and brain 

homogenates were prepared from hippocampus and cortex tissues. The amount of BDNF protein was assessed 

using ELISA technique on the brain supernatants.  

Results: Both the structures i.e. cortex and hippocampus showed a circadian variation of BDNF protein. In 

cortex, two peaks were observed i.e. at ZT5 and ZT17. Post-hoc analysis showed a significant effect between 

ZT5 and ZT13 (P<0.05). Hippocampus, also showed two peaks i.e. at ZT9 and ZT21. Post-hoc analysis showed a 

significant effect between ZT1 and ZT21 (P<0.05).  

Conclusion: Our novel results showed that both brain structures of diurnal rodents follow a circadian rhythms 

of BDNF protein. This study provides a focus for designing experiments and techniques that are based logically 

how circadian rhythms of different proteins contribute in pathology and how we can treat. 
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Introduction  

The Brain Derived Neurotrophic Factor (BDNF) protein 

belongs to a family of brain proteins called neurotrophin 

family and it is suggested that BDNF is crucial in 

important physiological functions including synaptic 

plasticity, higher cognitive functions and complex 

behaviours [1]. It has been observed in all areas of the 

brain especially hippocampus and cortex [2]. Recent 

studies have indicated that amount of BDNF protein was 

altered during dark and light periods and BDNF mRNA 

have also shown variations during the day in the rat 

brain [3]. BDNF protein daily variations has also been 

observed in human plasma peak during morning and low 

during the evenings [4]. In addition to brain areas, 

hippocampal subfields have also been observed with 

daily variations of BDNF protein [5].  

In all mammals, physiological and behavioural 

functions are synchronised by the supra-chiasmatic 

nuclei (SCN) of the hypothalamus [6]. Circadian rhythms 

of these physiological and behavioural functions are 

entrained by the environmental cues, called zeitgebers 

like light [7]. As, BDNF protein has been involved in 

various processes like synaptic plasticity, learning, and 

memory. So, due to circadian rhythmicity of BDNF, 

different physiological and behavioural functions may 

vary during the day. In this way, it should be presumed 

that experimental results may vary at different time 

points during 24 hours. So, this may be important to 

mention circadian time of the experiments, as 

manipulation in vivo may have different results in 

different circadian time.  

Indeed, there is no sufficient data on BDNF protein 

circadian rhythms without any treatment. So, the goal of 

the current research was to determine any circadian 

effect on BDNF variations in diurnal rat. So, BDNF 

protein was quantified at six different time points 

(zeitgeber times) during 24 hours. Six different zeitgeber 

times were (ZT21, ZT17, ZT13, ZT9, ZT5 and ZT1). For 

diurnal rodents, zeitgeber time, ZT12 and ZT1 define the 

time of activity offset (light off) and onset (light on) 

respectively.  

Methods 
Ethical consideration: Experiments were performed after 

institutional approval and in compliance with 

institutional guidelines that complying with 

international (National Institute of Health publication, 

no. 86-23, revised 1985) and national (Service 

Vétérinaire de la Santé et de la Protection Animale and 

Ministère de l'Agriculture et de la Forêt) guidelines.  

Animals: For obtaining brain structures, young diurnal 

male Arvicanthis ansogei were used. For 

acclimatization, subjects were housed on 12/12 light-

dark cycle in temp. (20 ± 1°C) and relative humidity (40 

± 2%) with ad libitum food and water.  

Procedure: Subjects were sacrificed after euthanasia 

under CO2 at six different zeitgeber times. Both the 

brains structures i.e. cortex and hippocampus were 

quickly removed on ice, and were homogenised in 

extraction buffer, centrifuged (4000 rmp, 20 min), 

supernatants were separated and stored at -20°C till 

quantification of BDNF. BDNF quantification was done 

by using ELISA kit validated for rat and human BDNF 

detection (CYT306, Millipore) according to 

manufacturer’s recommendations [8,9]. 

Results 
Our current data on BDNF showed variations of BDNF 

protein in cortex and hippocampus of diurnal rats, 

Arvicanthis ansorgei when subjects were sacrificed and 

BDNF quantification at six different zeitgeber time 

(ZT21, ZT17, ZT13, ZT9, ZT5 and ZT1). During 24 hours, 

both the brain structures showed a variation of BDNF 

especially at the transitions of light and dark periods. In 

the cortex, two peaks were observed at ZT5 (5 hours after 

light on) and ZT17 (5 hours after light off). Post-hoc 

analysis of the data showed a significant effect between 

ZT5 and ZT13 (P<0.05) and a marginal significant effect 

was noted among all the zeitgeber times (Fig.1).  

 
Figure 1: BDNF protein circadian rhythms in cortex of Arvicanthis 
ansorgei 

  
Figure 2: BDNF protein circadian rhythms in hippocampus of 
Arvicanthis ansorgei 

In the hippocampus, we also observed two peaks of 

protein at ZT9 (light period) and ZT21 (dark period). 
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ZT1 and ZT21 (P<0.05) and a marginal significant effect 

was noted among all the zeitgeber times (Fig.2). 

Discussion  
In this study, our novel data showed a unique variation 

of BDNF protein in both the brain structures of diurnal 

subjects when subjects were sacrificed at six different 

zeitgeber time (ZT21, ZT17, ZT13, ZT9, ZT5 and ZT1). 

During 24 hours, two peaks of BDNF proteins were 

observed either in cortex or hippocampus. Interestingly, 

one peak was in the light period (5hours after light on). 

This interesting finding may indicate that either light or 

dark acts like a zeitgeber (stimulus) and BDNF protein is 

low at both transitions time points. These two peak time 

points may have importance for better leaning and/or 

other cognitive tasks and chrono-therapeutic point of 

view. We used  Arvicanthis ansorgei as diurnal rodents 

active during light as human, and are considered best 

animals to study diurnal circadian rhythms [10]. BDNF 

protein was quantified by using ELISA technique that is 

convenient method for quantifying protein in fluids and 

tissue homogenates with sensitivity and specificity [11]. 

Cortical and hippocampal structures were quantified for 

BDNF protein as these structure are identified with 

higher levels of BDNF [2]. Again, there is interaction 

between hippocampus and cortex in perspective to 

neurochemicals linked with memory and emotions and 

any alteration in this interaction contributes to 

psychiatric disorders [12]. 

Recent studies have shown time of the day effects on 

neurophysiology and different cognitive processes 

including learning and memory formation [13]. Studies 

have also suggested that there are common mechanisms 

underlie circadian rhythmicity and long-term memory 

formation [14]. In addition to BDNF, few other brain 

proteins like mitogen-activated protein kinase that are 

implicated in cognitive processes have also showed a 

circadian variations during 24 hours [15].  

There is no much data available on circadian 

variations of BDNF in diurnal subjects especially the in 

brain structures. This may be due to the fact that there 

is lack of diurnal model. However, data by Challet et al 
(2002) showed that Arvicanthis ansorgei can be good 

subject in diurnal studies. Data from studies on A. 
ansorgei have shown an interesting circadian variations 

of activity with two peaks at the transitions of dark and 

light periods [16]. And it has also been observed that 

activity is linked with high levels of BDNF protein 

responsible for increased memory formation [17]. So, 

two peaks of activity may lead to two peaks of BDNF 

protein in brain structures. Furthermore, study on 

corticosterone, two peaks have been observed at the 

transitions of dark and light periods during 24 hours 

[18]. This rhythmic variation of corticosterone is parallel 

with the activity pattern of studied by Slotten.  

As BDNF has been shown to be involved in memory 

performance like some other proteins like Perk1/2 and 

Perk1/2 is observed to vary rhythmically in rats [19]. The 

circadian variation of Perk1/2 protein follow the pattern 

of memory performance in rodents [20]. However, these 

studies show a single peak during the 24 hours and this 

may be due type of subjects as they used nocturnal 

subjects. There is no data available on BDNF protein 

circadian in relation to synaptic plasticity and memory 

performance, especially in diurnal animals but results 

from our data, we may suggest that there can be a 

parallel effect. At least, this has to be examined. For this, 

it will be necessary to assess closely the biphasic 

circadian relation between BDNF and memory 

performance in diurnal rodents. In addition, our results 

suggest to perform experiments in specific time of the 

day, as light as zeitgeber alters the level of proteins 

during different times of the day. This also suggest to 

keep maximum possible zeitgebers constant for 

experiments in vivo that will result in quality and 

reproducibility of the data. 
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