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Abstract
In this study, we aimed to establish the effects of chronic corticosterone (CORT) and ethanol administration on mood-related
behaviour and the levels of mature brain-derived neurotrophic factor (mBDNF) and its precursor protein proBDNF in mice.
C57BL6 male and female mice received drinking water (n = 22), 1% ethanol in drinking water (n = 16) or 100 μg/ml cortico-
sterone in drinking water (containing 1% ethanol, n = 18) for 4.5 weeks. At the end of experimental protocol, the open field test
(OFT) and elevated plus maze test were performed. Brain and adrenal tissues were collected and mBDNF and proBDNF were
measured by ELISA assays. We found that the mice fed with corticosterone and ethanol developed anxiety-like behaviours as
evidenced by reduced time in the central zone in the OFT compared with the control group. Both proBDNF and mBDNF were
significantly decreased in the corticosterone and ethanol groups compared with the control group in the prefrontal cortex,
hippocampus, hypothalamus and adrenal. The ratio of proBDNF/mBDNF in prefrontal cortex in the corticosterone group was
increased compared with the ethanol group. Our data suggest that the ratio of proBDNF/mBDNF is differentially regulated in
different tissues. Ethanol and corticosterone downregulate both mBDNF and proBDNF and alter the balance of proBDNF/
mBDNF in some tissues. In conclusion, the ethanol and corticosterone may cause abnormal regulation of mBDNF and proBDNF
which may lead to mood disorders.
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Introduction

Chronic stress is a major contributor to the aetiology of mood
disorders including anxiety and depression. There is evidence
that increased blood levels cortisol (corticosterone in rodents)
is a consequence of hyperactivity of the hypothalamic-
pituitary-adrenal (HPA) axis under chronic stress conditions
(Pariante and Lightman 2008; Frodl and O’Keane 2013; Cai
et al. 2015). Thus, one of the methods to establish a chronic
stress rodent model can be achieved by direct administration
of corticosterone (CORT) to induce the depression and

anxiety-like symptoms (Donkelaar et al. 2014; Mishima
et al. 2015; Siopi et al. 2016). One advantage of this method
is that it reduces the individual or sex-dependent variability in
response to stress, as well as the variability in effectiveness of
the various chronic stressors (Zhao et al. 2008). Therefore,
administering corticosterone has successfully been used by
many researchers in rodents as a means to study the neurobi-
ological mechanism underlying stress-related mood disorders
and also used for screening effective anxiolytics and antide-
pressants (Zhao et al. 2008; Pazini et al. 2016).

Alcohol consumption is another factor that has been linked
to mood disorders in humans and animals. Clinical studies
suggested that people involved in alcohol misuse tend to have
changes in the limbic system especially reduced hippocampal
volume which could lead to the affective disorders (Morris
et al. 2005; Paul et al. 2008; Morris et al. 2010; Schneier
et al. 2010; Sameti et al. 2011; Lee et al. 2016). Animal
models also showed that rats chronically exposed to alcohol
develop depressive-like behaviour indicated by the reduction
in the sucrose preference test (SPT) and decreases the expres-
sion of brain-derived neurotrophic factor (BDNF) in the brain
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(Boden and Fergusson 2011; Briones and Woods 2013;
Pedrelli et al. 2016; Awaworyi Churchill and Farrell 2017).
However, the mechanisms responsible for such links are not
established yet.

Brain-derived neurotrophic factor (BDNF) and its precursor
protein proBDNF play opposing roles in neuronal plasticity and
mood regulation (Hempstead 2015). ProBDNF is a potent neu-
rodegenerative factor that significantly inhibits proliferation of
neural stem cells and reduces the number of differentiated neu-
rons, oligodendrocytes and astrocytes leading to neurite collapse,
neuronal apoptosis and suppressed neurogenesis (Sun et al.
2012; Li et al. 2017). There is evidence that mature BDNF is
downregulated whereas proBDNF is upregulated in major de-
pression patients and animal models of depression induced by
chronic stress (Zhou et al. 2013; Ruan et al. 2014; Yang et al.
2014a; Yang et al. 2014b). We have also shown that the
proBDNF/p75NTR/sortilin pathway is activated in peripheral
blood of patients with alcohol dependence (Gourley et al.
2008; Ali et al. 2015; Sousa et al. 2015; Zhou et al. 2018).
These results suggest that proBDNF may be contributing to
chronic stress- and alcohol-induced mood disturbances, and the
ratio of proBDNF/mBDNFmay be important in themaintenance
of brain functions in physiological conditions.

A number of rodent studies have investigated the effects of
chronic corticosterone and ethanol administration on mood-
related behaviours and BDNF expression in the brain. Many of
these studies have shown that the animals develop anxiety and/or
depression-like behaviours in parallel with decreased levels of
BDNF in the hippocampus (Gourley et al. 2008; Ali et al.
2015; Sousa et al. 2015; Pazini et al. 2016). However, studies
investigating the effects of corticosterone or ethanol on the levels
of proBDNF or the ratio of proBDNF to BDNF in the brain or
periphery are lacking, while this is important because both
BDNF and proBDNF have functional roles and may be signifi-
cant regulators of mood behaviours (Davis 2008; Logrip et al.
2015). Thus, in this study, we hypothesised that chronic cortico-
sterone and ethanol administration to mice would cause changes
in proBDNF and mature BDNF in parallel with mood distur-
bances. Our main aim was to investigate the effects of chronic
corticosterone and low level of ethanol consumption (1% admin-
istered to mice in drinking water) on the levels of mature BDNF
and proBDNF in the prefrontal cortex (PFC), hippocampus and
tissues related to HPA axis and examine the anxiety-like
behaviours.

Methods

Animals

All animal procedures and behavioural tests were performed
in compliance with the protocols approved by the Animal
Ethics Committee of the University of South Australia

(project number U23-15). Fifty-six 8-week-old C57BL6 mice
(male n = 28, female n = 28) were bred in the Reid Building
Animal facility (University of South Australia) and main-
tained under standard conditions (12:12-h light/dark cycle,
lights on between 6 a.m. and 6 p.m., temperature of 22 ±
1 °C, humidity of 52 ± 2%). Mice were housed in groups of
4–5 per cage and provided with free access to water and con-
ventional food. Animals were acclimatised to the environment
for 1–2 weeks prior to the experiments and then randomly
assigned to specific experimental groups such as control
group, ethanol group and corticosterone (CORT) group.
Mice were weighed before experiments and weekly thereafter.
Behavioural tests were carried out during the light phase be-
tween 09:00a.m and 5:00 p.m. On completion of this experi-
ment, the mice were deeply anaesthetised and humanely killed
for tissue collection. The brain and peripheral tissues includ-
ing prefrontal cortex, hippocampus, hypothalamus, pituitary
and adrenal glands were collected and kept at − 80 °C for
further analyses.

Drugs and Treatments

Pure (purity ≥ 98%) corticosterone (CORT) (11β,21-dihy-
droxy-pregn-4-ene-3,20-dione) was obtained from Cayman
Chemical (USA) and was dissolved in ethanol (100%) and
added to the drinking water to make a treatment solution
containing 1% ethanol and 100 μg/ml of CORT. Mice were
divided into three groups for experimental purpose (control,
ethanol and CORT); all groups received their treatments via
drinking water for a total duration of 4.5 weeks. The con-
trol group (n = 22, male = female) received tap water; the
ethanol group (n = 16, male = female) received 1% ethanol
made in tap water; the CORT group (n = 18, male = female)
received CORT solution (in 1% ethanol in tap water).
Drinking bottles containing CORT solution were covered
by tinfoil and the solution was changed every 3 days to
avoid any possible CORT degradation. The amount of con-
sumption was closely monitored and calculated by
weighing bottles to ensure the sufficient provision. We
housed mice in groups of 4–5/cage and could not measure
consumption of liquid by individual mouse in this study.
However, we measured total amount of consumed liquid by
all mice in each cage on a daily basis during the last
2 weeks of the study and estimated that each mouse con-
sumed about 5 ml/day (on average). Thus, the approximate
amount of ethanol and corticosterone consumed by one
mouse was 50 μl/day and 0.5 mg/day, respectively.

Behavioural Tests

After 4.5 weeks, all mice were subjected to behavioural tests
including open field test (OFT) and elevated plus maze test
(EPM) to assess spontaneous locomotor activity and anxiety-
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like behaviour. Behavioural tests were conducted during light
phase between 9:00 a.m. and 5:00 p.m. and only single test
was allowed on 1 day. OFTwas performed in an open field of
white Plexiglas container with the dimensions of 40 cm
(long) × 40 cm (wide) × 40 cm (height). The open field was
divided into 5 cm × 5 cm equal squares and the middle nine
squares (3 × 3) were defined as the central zone. Mouse was
placed in the central area of the open field and was able to
travel freely in the field for 5 min. The activities of mouse
were immediately recorded by an overhead digital camera
and results were analysed by ANY-maze software. EPM test
used a plus-cross-shaped grey Plexiglas apparatus which was
elevated 50 cm above the floor. The apparatus consisted of
two closed arms (50 cm long × 10 cm wide × 40 cm height)
and two open arms, the same as closed arms but without two
walls, as well as a central platform (7 × 7cm). The mouse was
placed in the centre of the maze with nose pointing to the
closed arm. The travel distance and the number of entries to
different arms were recorded for 5 min by the ANY-maze
video software elevated to a height of 50 cm, in which two
arms were open and two were closed. The number of times the
animal entered each of the arms and the time spent in each arm
were recorded during the 5-min test period. The procedures
were performed in the special behavioural test room in the
animal house.

Enzyme-Linked Immunosorbent Assay

ELISA is a highly specific assay developed in our laboratory
that allows differential detection of proBDNF and mature
BDNF(mBDNF) levels in tissues (Lim et al. 2015). Tissues
were homogenised in RIPA buffer (50 mM Tris, 150 mM
NaCl, 1 mM EDTA, 0.5% Triton X-100, 0.5% Sodium
deoxycholate, pH 7.4) with a protease inhibitor cocktail
(Sigma St. Louis, USA), spun for 30 min at 4 °C and super-
natants were collected and stored at − 80 °C until ELISA assay
(Lim et al. 2015). The protocols of mBDNF and proBDNF
sandwich ELISA were described in the previous publication
(Lim et al. 2015). The levels of mBDNF and proBDNF and
the ratio of proBDNF/mBDNF in different tissues including
hippocampus, PFC, hypothalamus, pituitary and adrenal
grands were measured and compared.

Western Blot

To validate proBDNF ELISA results, selected samples
from different brain regions were used for proBDNF
Western blot. Western blot experiments were conducted
as described previously (Lim et al. 2015). Results were
quantified using Image Quant TL software (GE
Healthcare Life Sciences, UK) and the ratios of OD
values of proBDNF/β-actin were calculated.

Statistical Analysis

Statistical analyses were performed by using one-way analysis
of variance (ANOVA) followed by Tukey’s multiple compar-
isons test as a post hoc analysis using GraphPad Prism 7.03 for
Windows, GraphPad Software (San Diego, CA, USA). The
correlation between proBDNF levels assayed by ELISA and
Western blot methods was tested by Spearman’s correlation
analysis. All data were expressed as means + S.E.M (standard
errors of the mean) and a value of p < 0.05 was considered
statistically significant. Fifty-six samples (male = 28, female =
28) were used in the analysis of behavioural tests and 22–28
(male = female) samples were analysed for the ELISA.

Results

The Effects of Ethanol and CORT on Mice Behavioural
Change

Open Field Test

One-way ANOVA was used to analyse the data from OFT.
Although the total distance of OFT showed no difference
among control, ethanol and CORT groups (Fig. 1a), the travel
distance in the central zone was significantly reduced in both
ethanol and CORT groups compared with the control group
(Fig. 1b). There were significant reductions in the number of
entries to the central zone in both ethanol and CORT groups
compared with the control group (Fig. 1c). Meanwhile, the
mice from the CORT group spent less time in the central zone
than the control and ethanol groups (Fig. 1d). The percentage of
time in the central zone decreased significantly in the CORT
group compared with both ethanol and control groups (Fig. 1e)
whereas there was a significant increased percentage of time in
the peripheral zone in the CORT group when compared with
ethanol and control groups (Fig. 1e). The significant reductions
of distance in the central zone and the numbers of entries to the
central zone in the ethanol and CORT groups compared with
the control group indicated that both ethanol and CORT have
effects on these behavioural parameters (Fig. 1b, c).

Elevated Plus Maze

CORT group showed a significant decrease in the total dis-
tance and the distance in the closed arm as well as the number
of entries to the closed arm compared with the control group
(Fig. 2a–e). These decreases were also noticed between CORT
and ethanol groups but did not reach the statistical significance
(Fig. 2a–e). CORT and ethanol groups showed reduced time
and distance travelled in the open arm as well as the number of
entries to the open arm compared with the control group but
did not reach statistical significance (Fig. 2b–f).

62 J Mol Neurosci (2019) 69:60–68



The Effects of Ethanol and CORT on BDNF
and proBDNF

BDNF and proBDNF Changes in the Brain Tissues of PFC
and Hippocampus

In the prefrontal cortex (PFC) and hippocampus, there were
significant decreases in the level of mBDNF when comparing
CORT and ethanol groups with control group (Fig. 3a). A
further significant decrease in the level of mBDNF was found
in the PFC when comparing CORT group with the ethanol
group (Fig. 3a). The levels of proBDNF in the PFC and hip-
pocampus were also reduced significantly in both CORT and
ethanol groups compared with the control group (Fig. 3b, e).
There was no significant difference in the levels of proBDNF
between CORTand ethanol groups in the PFC and hippocam-
pus (Fig. 3b, e). The ratio of proBDNF/mBDNF increased
significantly in the PFC in the CORT group when compared
with the ethanol and control groups (Fig. 3c). Both CORTand
ethanol groups have shown the tendency of increased ratio of
proBDNF/mBDNF in the hippocampus compared with the
control group but did not reach the statistical significance
(Fig. 3f).

BDNF and proBDNF Changes in the Tissues of HPA Axis
Including Hypothalamus, Pituitary and Adrenals

In the hypothalamus, the level of mBDNF was significantly
decreased in the CORT group compared with the control and
ethanol groups (Fig. 4a); both ethanol and CORT groups

showed significant reductions in the level of proBDNF com-
pared with the control group (Fig. 4b), and the ratio of
proBDNF/mBDNF in the ethanol group was significantly de-
creased vs the control and CORT groups (Fig. 4c).
Interestingly, the level of mBDNF in the pituitary was signif-
icantly increased in the CORT group compared with the eth-
anol group and control group (Fig. 4d, Meanwhile, the
proBDNF level was significantly decreased in the ethanol
group but not in the CORT group compared with the control
group (Fig. 4e). There was no difference in the ratio of
proBDNF/mBDNF among three groups in the pituitary (Fig.
4f). Both CORT and ethanol groups have shown significant
reductions in the levels of mBDNF and proBDNF in the ad-
renal tissues compared with the control group (Fig. 4g, h).
However, the ratio of proBDNF/mBDNF in the adrenals did
not change in three groups (Fig. 4i).

Discussion

Our main findings are as follows: (a) Mice in both corticoste-
rone and ethanol groups have shown significant anxiety
symptoms as indicated in the OFT and EPM; (b) The levels
of mBDNF and proBDNF were significantly reduced in the
PFC and hippocampus in both CORT and ethanol groups; (c)
ethanol has effects on the HPA axis by reducing the levels of
proBDNF in hypothalamus, pituitary and adrenal; (d) CORT
treatment resulted in the increased ratio of proBDNF/mBDNF
in PFC but not in other tissues. Our ELISA results were con-
sistent with the results of Western blots (Fig. 5a) in that both

Fig. 1 Effect of ethanol and corticosterone on the behaviours assessed by
open field test. a Total travel distance. b Travel distance in the central
zone. cNumber of entries to the central zone. d Time in the central zone. e

Percentage of time spent in the central zone; f Percentage of time spent in
the peripheral zone. Data are mean ± SEM. *p < 0.05, **p < 0.01,
***p < 0.001, compared with appropriate groups as shown
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ethanol and CORT reduced the levels of proBDNF in the
hippocampus (although only the ethanol group reached statis-
tical significance). Furthermore, the proBDNF levels assayed
by the ELISA method were positively correlated with the
results produced by Western blot (Fig. 5b). These results

suggest that our ELISA assay technique is reliable for the
measurement of proBDNF.

In this study, we used ethanol for two purposes: (1) to
investigate its own effects on behaviour and biochemistry
and (2) to use it as a vehicle control for CORT group (in

Fig. 3 Effect of ethanol and corticosterone on the levels of mature BDNF
and proBDNF in the prefrontal cortex (PFC) and hippocampus as deter-
mined by ELISA. amBDNF levels in PFC. b proBDNF levels in PFC. c
Ratio of proBDNF/mBDNF in PFC. d mBDNF levels in the

hippocampus. e proBDNF levels in the hippocampus. f Ratio of
proBDNF/mBDNF in the hippocampus. Data are mean ± SEM.
*p < 0.05, **p < 0.01, ***p < 0.001, compared with appropriate groups
as shown

Fig. 2 Effect of ethanol and corticosterone on the behaviours assessed by
elevated plus maze test. a Total travel distance. b Travel distance in the
open arm. c Travel distance in the closed arm. d Number of entries to the
open arm. e Number of entries to the closed arm. f Percentage of time

spent in the open arm. g Percentage of time spent in the closed arm. Data
are mean ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001, compared with
appropriate groups as shown
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drinking water) similar to many previous studies investigating
mood disorders (Xu et al. 2011; Donkelaar et al. 2014;
Mishima et al. 2015). We found that mice treated with 1%
ethanol in drinking water exhibited significant anxiety-like
behaviours. In the OFT, there were significant decreases in
the distance travelled in the central zone and the number of
entries into the central zone when comparing the ethanol
group with the control group. The total ambulatory distance

in open field test showed no difference between groups indi-
cating that locomotor activities were not affected by the etha-
nol treatment (Seibenhener and Wooten 2015). Therefore, the
reductions of activities in the central zone were due to anxiety-
like behaviour. Thus, this study demonstrated that chronic low
concentration of ethanol (1%) treatment can result in signifi-
cant anxiety-like behaviours in mice. Our finding is consistent
with previous studies that repetitive long-term consumption of

Fig. 4 Effect of ethanol and corticosterone on the levels of mBDNF and
proBDNF in the hypothalamus, pituitary gland and adrenal gland as
determined by ELISA. a mBDNF levels in the hypothalamus. b
proBDNF levels the hypothalamus. c Ratio of proBDNF/mBDNF in
the hypothalamus. d mBDNF levels in the pituitary gland. e proBDNF

levels in the pituitary gland. f Ratio of proBDNF/mBDNF in the pituitary
gland. g mBDNF levels in the adrenal gland. h proBDNF levels in the
adrenal gland. i Ratio of proBDNF/mBDNF in adrenal gland. Data are
mean ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001, compared with appro-
priate groups as shown

Fig. 5 Validation of proBDNF
ELISA assay by Western blots. a
Representative Western blot
images on selected samples from
three different groups using β-
actin as a reference. The levels of
proBDNF in the hippocampus
were arbitrarily calculated using
OD values and expressed as the
ratios of proBDNF to β-actin. b
proBDNF levels assayed by both
ELISA assay and Western blots
on selected tissues of hippocam-
pus and prefrontal cortex were
analysed by Spearman correlation
analysis
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alcohol can cause mood changes in both experimental animals
and in humans (Kushner et al. 2000; Kliethermes 2005).
However, these anxiety-like behaviours induced by ethanol
(concentration between 0.2% and 1%) have not been reported
in the studies using ethanol as a vehicle for dissolving CORT
to develop rodent depression model (Donkelaar et al. 2014;
Mishima et al. 2015). Therefore, it should be used with cau-
tion as a vehicle for the future studies as ethanol itself even at
low concentrations in drinking water (1%) can cause behav-
ioural changes.

In accord with the behavioural changes, we found that an-
imals treated with ethanol also showed reduced mBDNF and
proBDNF in the peripheral and central tissues such as PFC,
hippocampus, pituitary and adrenals except in the hypothala-
mus, where mature BDNF was increased. Our results are in
agreement with findings from other studies that long-term
exposure to ethanol reduces BDNF mRNA in the hippocam-
pus, suggesting this decrease may play a role in neurodegen-
eration (Davis 2008). Recent studies from Dorit Ron’s labo-
ratory showed that chronic ethanol consumption reduces
BDNF in the cortex and hippocampus but increases in the
striatum and the changes in BDNF expression levels are asso-
ciated with heightened ethanol intake (Jeanblanc et al. 2013;
Logrip et al. 2015). However, these studies focused on the
ethanol addiction by feeding animals with 10% ethanol.
Interestingly, the animals consuming very low levels of etha-
nol (1%) in the present study also showed the reduction of
mBDNF and proBDNF expression in the PFC, hippocampus
and adrenals suggesting that even low levels of ethanol can
cause a decrease in BDNF synthesis in the brain and periph-
ery. The main novelty of our present study is the simultaneous
measurement of mBDNF and proBDNF in the regions exam-
ined showing their reduction in the most of brain regions and
also in the adrenal gland. In addition, by looking at the ratio of
proBDNF/mBDNF in different regions, we found that the
ratio appears decreased in the hypothalamus, suggesting that
low level of ethanol consumption may alter proBDNF pro-
cessing in this region. Together, these studies indicate that
consumption of ethanol even as low as 50 μl/day/mouse can
alter the expression levels of mBDNF and proBDNF in dif-
ferent brain regions.

The stress-induced increase of corticosteroids is well
known to be associated with mood disorders in humans
(Pariante and Lightman 2008; Frodl and O'Keane 2013) and
animals (Donkelaar et al. 2014; Pazini et al. 2016; Siopi et al.
2016). In the present study, we found that mice treated with
corticosterone dissolved in ethanol (the final concentration of
1% ethanol) showed more obvious anxiety-like behaviours
than the control and ethanol groups in some behavioural out-
comes. There was a statistical reduction of time in the central
zone and increase of time in the peripheral zone in the CORT
group versus control and ethanol groups. The percentage of
time in the central zone was significantly reduced in the

CORT-treated mice compared with the ethanol and control
groups (p = 0.001). The CORT-treated mice exhibited signifi-
cant thigmotaxis, an anxiogenic behaviour, when the mouse
tends to avoid open or danger areas and remains close to the
walls (Seibenhener and Wooten 2015). Thus, the increase of
anxiety-related emotional behaviour in the CORT-treated
mice can be concluded (Wang et al. 2017).

Similar to ethanol, it is well known that corticosterone
downregulates the levels of mature BDNF and proBDNF in
the prefrontal cortex and hippocampus. Our study is consistent
with the previous studies which showed corticosteroid is a
strong negative regulator of BDNF gene expression in the
hippocampus (Schaaf et al. 1997; Schaaf et al. 1998;
Vellucci et al. 2001) and other brain regions (Smith et al.
1995). We have made additional findings that the effect of
corticosteroid on proBDNF and BDNF expression is not only
brain-specific, but also occurs in peripheral tissues such as the
adrenal glands where the BDNF gene is expressed. This
downregulation response in both central and peripheral sys-
tems is understandable, as it is known that corticosteroids are
lipophilic molecules which penetrate the brain, and the
glucocorticoid/glucocorticoid receptor complex can bind the
promotor region of the BDNF gene as a suppressor for its
expression in hippocampal neurons (Chen et al. 2017).

Both ethanol and corticosterone have a strong impact on
the mood changes such as anxiety and depression. However,
their mechanisms underlying the impact on mood are less
understood. Here, we have provided the evidence that the
downregulation of BDNF gene and abnormal processing of
proBDNF may be common mechanisms that explain their
effects on the mood. One of the aims of this study was to test
the hypothesis that corticosterone and ethanol would cause the
imbalance between proBDNF and mature BDNF, seen in the
chronically stressed rodents and in patients with depression
and alcoholics. Numerous studies in animals and humans have
shown that BDNF plays a pivotal role in the mood regulation.
proBDNF plays opposite functions to mature BDNF in regu-
lating neuronal cell death, neurite collapse and neuronal mi-
gration (Suliman et al. 2013; Zheleznyakova et al. 2016;
Castrén and Kojima 2017). Our previous studies showed that
proBDNF and its receptors are highly upregulated in the blood
of patients with major depression (Zhou et al. 2013) and in
alcoholic patients (Zhou et al. 2018) but mature BDNF and
trkB are downregulated in these subjects; however, whether
similar changes occur in the brain of these patients is not
established yet; thus, we cannot make direct comparisons be-
tween our study and the previous human studies. Therefore,
future studies should focus on investigation of how ethanol
and corticosteroids affect mature BDNF and proBDNF levels
both in the brain and in the blood to establish if the changes in
the blood are representative of the changes in the brain.

In the present study, we showed that the changes in the
level of mBDNF and proBDNF were associated with
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anxiety-like behaviours in response to chronic alcohol con-
sumption. Our findings are in agreement with recent studies
showing that alcohol treatment can affect synaptic plasticity
and reduce neurogenesis as well as the expression of
mature BDNF and proBDNF in the brain of rodents therefore
leading to mood changes (Tapia-Arancibia et al. 2001; Miller
et al. 2002; Susick et al. 2016; Bazovkina et al. 2017). We
found that both ethanol and corticosterone not only led to
changes in anxiety behaviours but also triggered differential
levels of mature BDNF and proBDNF in the brain and tissues
of hypothalamus, pituitary and adrenal gland(HPA axis).
However, we found the reduction of only proBDNF but not
mature BDNFwas observed in the tissues related to HPA axis.
There was also a significant increase in the ratio of proBDNF/
mature BDNF in the prefrontal cortex but no changes in the
other tissues examined, suggesting that corticosteroids may
also regulate the conversion of proBDNF to mature BDNF.
Our data suggest that corticosteroids may be only responsible
for the imbalance of proBDNF/mature BDNF in the brain but
not in other tissues. The reason why ethanol and corticoste-
rone cause differential effects on some brain regions is not
known but our results are consistent with earlier reports in
rodents that CORT treatment suppresses the expression of
mature BDNF and proBDNF in the hippocampus and prefron-
tal cortex (Gourley et al. 2008; Ali et al. 2015; Sousa et al.
2015; Pazini et al. 2016; Sawamoto et al. 2016). Whether
corticosteroids affect the expression of proBDNF processing
enzymes such as tPA, MMPs and PAI-1 requires further
examination.

In conclusion, the treatment with corticosterone and low
levels of ethanol caused anxiety-like behaviours and a signif-
icant reduction of mature BDNF and proBDNF levels in the
brain and HPA axis in mice. CORT increased the proBDNF/
mBDNF ratio in PFC, which may contribute to anxiety-like
behaviours in response to CORT. Our study suggests that both
stress-induced corticosteroids and low levels of ethanol con-
sumption are detrimental and may have a combined effect to
cause anxiety by downregulating BDNF gene expression and
abnormal conversion of proBDNF to mature BDNF.
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