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The content of BDNF was measured in cerebral structures of intact C57Bl/6 and BALB/c
mice in winter and spring. The level of cerebral neurotrophic factor in laboratory mice
depended on genetic characteristics and chronobiological factors.
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Brain-derived neurotrophic factor (BDNF), specific
for the brain, provides neuronal growth and dif-
ferentiation and neuroplasticity of the brain [6].
Experimental studies demonstrated BDNF involve-
ment into the mechanisms of stress response [5].
For example, immobilization decreases BDNF syn-
thesis in rat hippocampus with restoration 2 h after
discontinuation of the exposure [13,15]. Expression
of BDNF in the hypothalamus increased under si-
milar experimental conditions [7,12]. Aversive expo-
sure (injection of hypertonic solution) decreased
BDNF level in the hypothalamus [3], while electric
pain exposure caused a decrease in BDNF pro-
duction in the hippocampus [9]. Photo- and sensory
stimulation increased the content of neurotrophin in
the cortex [4,10].

Analysis of published data indicated the invol-
vement of BDNF in the reaction to stress factors.

Possible causes of the detected opposite chan-
ges and different time-dependence of the effects
can be genetic heterogeneity of stress responses in
laboratory mice and chronobiological dependence
of BDNF content. Mammals exposed to stress exhi-
bit different behavioral strategies, the most pro-

nounced of which is reaction with predominating
exploratory activity and passive defense freezing
reaction. Studies on inbred animals and selection
by the inbreeding method proved the hereditary
nature of these behavioral forms [11]. Inbred C57Bl/6
and BALB/c mice sharply differ by the main neuro-
chemical and neurohumoral mechanisms of the stress
response [11]. In turn, neurotransmitters and hor-
mones involved in the formation of the stress reac-
tion are essential for the formation of BDNF [14].
However, chronobiological studies revealed seaso-
nal fluctuations in the content of endogenous regu-
lators, which can also be responsible for the dif-
ferences in BDNF levels detected during different
seasons [1].

We studied BDNF levels in cerebral structures
of C57Bl/6 and BALB/c mice in winter and spring.

MATERIALS AND METHODS

Experiments were carried out on inbred male C57Bl/6
and BALB/c mice (20 g) from Stolbovaya Breeding
Center, Russian Academy of Medical Sciences. The
animals were kept under standard vivarium condi-
tions in V. V. Zakusov Institute of Pharmacology during
at least 2 weeks before the experiment, 10 animals per
cage, on common diets at normal 12:12 h day:night
regimen. Experiment I was carried out in May, experi-
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ment II in December, and experiment III in February.
All experiments were carried out at 9.00-12.00.

The mice were decapitated immediately after
removal from the cage. The hypothalamus, hippo-
campus, striatum, and cortex were isolated from the
brain and stored at -70oC. The tissues were homo-
genized at 4oC by polytrone (Tissue TearorTM Bio-
spec Products, Inc.) in extraction buffer. BDNF
concentration was evaluated by enzyme immuno-
assay (ELISA) according to the Promega Company
protocol. Mouse behavior was evaluated in the
open field test. The results were statistically pro-
cessed using Jandel Scientific SigmaPlot and Sta-
tistica 6.0 software and Student’s bilateral t test for
independent samplings.

RESULTS

The content of BDNF in the cerebral structures of
C57Bl/6 and BALB/c mice was significantly higher
in May than in December and February (Table 1).
Differences between the December and February
values were less pronounced (Table 1). Seasonal
fluctuations can be responsible for these facts.
C57Bl/6 and BALB/c mice are widely used in phy-
siological, genetic, and psychopharmacological stu-

dies as experimental models of active and passive
behavior under conditions of mental stress. Their
behavior changes in spring, which is caused by
hormonal shifts [1]. Increased activity of BALB/c
mice in spring in comparison with other seasons is
confirmed in our study (Table 2). Differences in
BDNF levels (Table 1) can be due to increase in
testosterone production from winter to spring [1],
as it is known that testosterone stimulates the pro-
duction of BDNF [8].

The content of BDNF was different in different
cerebral structures. Our results are in line with pub-
lished data indicating higher concentrations of the
neurotrophin in the hypothalamus and hippocam-
pus in comparison with the striatum and cortex
[14]. Despite seasonal fluctuations in BDNF con-
tent, the ratio of its concentrations in cerebral struc-
tures remains unchanged (Table 1).

In the majority of experiments BDNF level was
somewhat higher in BALB/c mice (Table 1). These
differences in cerebral structures were recorded in
February; in December the only exclusion was the
hippocampus, while in spring the differences le-
veled (Table 1).

The phenotypes of C57Bl/6 and BALB/c mice
behavior under conditions of mental stress formed

TABLE 1. BDNF Content in the Cerebral Structures of BALB/c and C57Bl/6 Mice during Different Seasons (n=6; M±Sd)

BALB/c December 0.28±0.02***++ 0.23±0.03 0.07±0.01*+ 0.07±0.01*++

February 0.52±0.11** 0.31±0.1** 0.14±0.04** 0.15±0.03***

May 1.85±0.13*о 1.05±0.15о 0.27±0.02*о 0.55±0.07о

C57Bl/6 December 0.22±0.02++ 0.21±0.01++ 0.05±0.01 0.060±0.004

February 0.30±0.04 0.10±0.05 0.05±0.02 0.060±0.004

May 1.65±0.14о 1.07±0.26о 0.34±0.05о 0.51±0.01о

Note. *p<0.05, **p<0.01, ***p<0.001 vs. C57Bl/6, +p<0.01, ++p<0.001 vs. February, op<0.001 compared to December and February.

Mouse strain CortexStriatumHippocampusHypothalamus

TABLE 2. Differences in the Behavior of BALB/c and C57Bl/6 Mice in Illuminated Open Field Test during Different Months
(M±Sd)

Mouse strain Vertical
activity

Central
activity

Peripheral
activity

Total motor
activity

BALB/c December (n=15) 17.5±9.9оо 17.4±9.9о 0.1±0.2оо

February (n=10) 23.3±2.5 21.9±2.1 1.0±0.7*** 0.4±0.7

May (n=6) 76.2±57.3++ 60.3±51.5+ 15.7±12.4++ 0.2±0.4

C57Bl/6 December (n=15) 107.3±41.1 69.0±26.3 21.5±25.2 6.1±6.6 10.8±14.8

February (n=10) 96.1±3.6 67.9±2.6 21.6±1.7 6.6±1.1

May (n=6) 108.0±21.1 63.8±7.1 26.7±7.9 1.3±1.2 16.2±8.2++

Note. *p<0.001 vs. December, +p<0.05, ++p<0.01 compared to February, op<0.01, oop<0.001 compared to May.

Number of
excursions to

the center
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during different shifts in neurotransmitter and hor-
mone levels [2]. Some parameters did not differ in
intact mice of the two strains and were observed
only during the development of stress response,
while, e. g., the levels of ACTH and corticosterone
differed sharply in animals not exposed to stress
[11]. Our findings indicate that the level of BDNF
in cerebral structures is specific of animals of the
studied genotypes.

Hence, changes in BDNF content in brain struc-
tures of laboratory animals should be analyzed with
consideration for the genetic characteristics of mice
and chronobiological factors.
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