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Abstract
Background—Major depressive disorder is a leading debilitating disease known to occur at a two-
fold higher rate in women than in men. The neurotrophic hypothesis of depression suggests that loss
of brain-derived neurotrophic factor (BDNF) may increase susceptibility for depression-like
behavior, although direct evidence is lacking.

Methods—Using the chronic unpredictable stress paradigm (CUS), we investigated whether male
and female mice with inducible BDNF deletion in the forebrain were more susceptible to depression-
related behavior.

Results—We demonstrate that in certain behavioral measures the loss of BDNF lowers the
threshold for females studied at random throughout estrus to display anxiogenic and anhedonic
behaviors after chronic stress compared to wild type females. However, the loss of BDNF in forebrain
does not increase the susceptibility to depression-like behavior in males.

Conclusions—These gender differences suggest a role for BDNF in mediating some aspects of
depression-related behavior in females.
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Introduction
Major depressive disorder (MDD) is a leading debilitating disease in the U.S. and affects about
14.8 million Americans over 18 each year. The clinical presentation of MDD has a spectrum
of symptoms including anxiety, anhedonia, loss of appetite, and sleep disturbances as set forth
in the Diagnostic and Statistical Manual (1). Notably, MDD occurs twice as often in women
than in men though the cause is currently unknown (2,3).

Recent work suggests an important role for neurotrophins in psychiatric diseases including
MDD (4,5). Brain-derived neurotrophic factor (BDNF), the most prevalent growth factor in
the brain, may underlie depression-related behavior and mediate the therapeutic action of
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antidepressants. The neurotrophic hypothesis of depression suggests that loss of BDNF from
hippocampus contributes to neuroanatomical and functional alterations that underlie aspects
of depression-related behavior, while antidepressants may mediate therapeutic effects in part
by increasing levels of BDNF in this brain region (6). Recent studies demonstrate that BDNF
heterozygous mice, and mice with inducible BDNF deletion in forebrain (inducible knockouts),
and conditional BDNF knockouts, display attenuated responses to antidepressants in forced
swim test (7–9), a paradigm that predicts antidepressant efficacy and by analogy ‘depression-
related’ behavior (10,11). Indeed, we have recently extended these findings to show that BDNF
in dentate gyrus of hippocampus is required for antidepressant efficacy in this paradigm (12).

While these studies demonstrated that loss of BDNF produces alterations in antidepressant
responses, BDNF heterozygous mice, inducible BDNF knockouts (KOs), and dentate gyrus
specific BDNF KOs were indistinguishable from wild type littermate control mice in ‘baseline’
depression-related behavior; this suggests that loss of BDNF per se is not sufficient to mediate
‘depression-like’ behavior (8,12,13). However, it is possible that loss of BDNF may increase
vulnerability to particular chronic perturbations.

To investigate this possibility, we exposed BDNF inducible KOs to a chronic unpredictable
stress (CUS) paradigm that is known to induce alterations in depression-related behaviors in
rodents. We examined BDNF inducible KOs, since this line has a regionally restricted forebrain
specific deletion of BDNF compared to our conditional line, to gain a direct assessment of the
neurotrophic hypothesis of depression. Since previous work demonstrated that loss of BDNF
produces gender specific effects, we examined both male and female inducible KO mice in
depression-related behavior following CUS.

Materials and Methods
Mice

The inducible BDNF knockout mice were generated from a trigenic cross of NSE-tTA, TetOp-
Cre, and floxed BDNF mice as previously described (8). For all behavior testing, male and
female mice were age (three to six months) and weight matched and groups were balanced by
genotype. Eight experimental groups of 7–14 animals were tested; male and female BDNF
knockouts (KOs) or wild type littermates (CTLs), nonstressed or stressed (Supplement 1 -
Table S1). The order of behavior tests was performed from least to most stressful and blind to
group and genotype (Supplement 2 -Figure S1A). For more information, refer to supplemental
methods (Supplement 3 –Materials and Methods).

Chronic unpredictable stress model
Our CUS model was adapted from Muscat et al. (14) and Monleon et al. (15). Mice were
exposed to one or two stressors for a period of 4–12 hours during each 24 hour period over 52
days, though animals were not stressed within eight hours of behavioral testing. Stressors
consisted of food or water deprivation, periods of overnight illumination, 45° cage tilt, single
housing, and bedding soiled with water or rat feces (Table 1).

Locomotor Activity
Mice were placed in cages and locomotor activity was recorded for 2 hours under red light by
photocell beams linked to computer acquisition software (San Diego Instruments, San Diego,
CA).

Autry et al. Page 2

Biol Psychiatry. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Open field
Mice were assessed for activity in a 72×72 cm open field (OF) arena at 40 lux for 5 minutes.
Movement was tracked by video (Ethovision3.0 Noldus, Leesburg, Virginia) for time spent in
center (14×14 cm) and peripheral zones (5 cm around perimeter).

Fur state assessment
Mouse fur state was rated on a 4-point scale with another point each for either hunched posture
or redness around eyes (6 points total). The fur scoring scale (Supplement 3 – Materials and
Methods) was adapted from Mineur et al. (16).

Sucrose consumption test
Sucrose consumption test (SCT) protocol was adapted from Gourley et al. (17). Mice were
habituated to 1% sucrose solution and water deprivation periods followed by 1 hour of sucrose
access. On test day, mice accessed sucrose solution for 1 hour and the following day accessed
water. We measured percent sucrose intake compared to total volume consumed in both trials.
For more information, refer to Supplement 3 – Materials and Methods.

Novelty suppressed feeding
The novelty suppressed feeding (NSF) task was performed as previously described (18).
Detailed methods listed in Supplement 3.

Tail suspension test
The tail suspension test (TST) was performed as previously described (19) and detailed
methods are listed in Supplement 3.

Forced swim test
The forced swim test (FST) was performed as previously described (10) and detailed methods
are available in supplemental methods (Supplement 3 – Materials and Methods).

Corticosterone measure
Blood serum was isolated from trunk blood samples by centrifugation. A high sensitivity
corticosterone (CORT) enzyme immunoassay (EIA) was performed according to
manufacturer’s instruction (Immunodiagnostic Systems Ltd., Fountain Hills, AZ).

Quantitative RT-PCR
Fresh frozen whole hippocampi were dissected and total RNA was extracted using Trizol
reagent (Invitrogen) according to manufacturer’s instruction. Conditions for cDNA synthesis,
amplification, and primer sequences were described previously (20). Fold change in BDNF
expression is normalized to GAPDH.

Statistical analysis
Weight and locomotor data were analyzed with repeated measures ANOVA using SAS
software to determine statistical significance (p<0.05). The fur score data were analyzed by
logistical regression analysis followed with a Mantel-Haenszel test for frequency comparison
between groups. Anxiety data, SCT, NSF, FST, TST, CORT, and BDNF expression data were
analyzed by a 2-way ANOVA followed with multiple comparisons using a Bonferroni t-test
to assess the difference among groups. Data are presented as mean ± SEM.
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Results
Weight

Mouse weights were monitored at an early, mid, and late time point during the time period of
CUS (days 5, 21 and 40)(Supplement 2 - Figure S1B). In females, there was a significant stress
effect (p<0.0001, F1,11=36.42), while there was no significant knockout effect
(p=0.2722,F1,11=1.34) or interaction effect (p=0.2075,F1,10=1.82). For males, there was a
significant stress effect (p=0.0135, F1,8=9.96), while there was no significant knockout effect
(p=0.3016, F1,7=1.24) or interaction effect (p=0.3256,F1,7=1.12). Inducible BDNF KO mice
have normal weight compared to littermate CTLs, similar to data previously reported (9). Our
CUS paradigm was found to significantly impact weight of the animals over the course of the
experiment. However, loss of BDNF in either sex did not further contribute to a change in
weight following CUS.

Locomotor Activity
Previous studies showed that a reduction in locomotor activity after CUS correlates to
depression-like behaviors (21). Examining two hour locomotor activity in females following
CUS revealed a significant stress effect (p=0.0335,F1,42=4.83) and knockout effect
(p=0.0461,F1,42=4.22) while there was no significant interaction effect (p=0.1104,F1,42=2.66).
Multiple comparisons using a Bonferroni t-test indicated that stressed KOs were significantly
hypoactive compared to the other groups (*p<0.05)(insert, Figure 1A). To gain a better
understanding of this difference in females, data were analyzed in 5-minute epochs (Figure
1A); there was a significant main effect of stress (p<0.0001, F1,11 =62.00) and a significant
main effect of genotype (p<0.0001, F1,9 =57.91) and the number of beam breaks significantly
decreased over time (p<0.0001, F23,299 =52.56) with a significant interaction between stress
and genotype (p<0.0001, F1,9 =50.76) while there were no other significant interaction effects
(* p<0.05). Total locomotor activity in males during a two hour period following CUS revealed
a significant stress effect (p=0.0092,F1,30=7.75), with no significant knockout effect
(p=0.1796,F1,30=1.89) or interaction effect (p=0.9385,F1,30=0.01). Multiple comparisons
using a Bonferroni t-test indicated that under nonstressed conditions BDNF KOs are
significantly hyperactive compared with wild type mice and that following stress CTLs show
a significant decrease in locomotor activity compared to nonstressed CTLs (*p<0.05)(insert,
Figure 1B). For males, locomotor data were analyzed in 5-minute epochs (Figure 1B); there
was a significant main effect of stress (p<0.0001,F1,8 =86.32), a significant main effect of
genotype (p=0.0046,F1,7=16.73), and the number of beam breaks significantly decreased over
time (p<0.0001,F23,208 =50.57) while there was no significant interaction effect (*p<0. 05).

Anxiety-related behavior
To determine the effect of CUS on anxiety-like measures, we assessed open field behavior. In
this paradigm a decrease in duration of time in the center or a decrease in the number of entries
to center is suggestive of an increase in anxiety related behavior (22). For females, examining
duration in the center of the open field revealed a significant stress effect (p=0.0499,F1,45=4.06)
while there is no significant knockout effect (p=0.5305,F1,45=0.40) or interaction effect
(p=0.1829,F1,45=1.83). Multiple comparisons using a Bonferroni t-test indicated that stressed
KOs spend significantly less time in the center compared to nonstressed KOs suggestive of an
increase in anxiety (* p<0.05)(Figure 3A). In females, we examined the number of entries to
the center and found a significant stress effect (p=0.0155,F1,45=6.33) while there was no
significant knockout effect (p=0.3545,F1,45=0.88) or interaction effect (p=0.3239,F1,45=0.99).
Multiple comparisons using a Bonferroni t-test indicated that stressed KOs have a significant
decrease in the number of entries in the center of the open field compared to nonstressed KOs
(*p<0. 05)(Figure 2C). We examined total distance traveled and during this test, like the initial
five minute data point for locomotor activity, we did not observe any significant effect of stress

Autry et al. Page 4

Biol Psychiatry. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(p=0.0854,F1,44=3.10), knockout (p=0.4798,F1,44=0.51) or interaction (p=0.8529,F1,44=0.03)
for female mice and no significant difference among groups (p>0.05)(Supplement 4 - Figure
S2A).

Measures of duration in the center of the open field for males revealed no significant stress
effect (p=0.7146,F1,31=0.14), knockout effect (p=0.0884,F1,31=3.09) or interaction effect
(p=0.3666,F1,31=0.84)(Figure 2B). In males, we examined the number of entries in the center
and found no significant stress effect (p=0.4262,F1,31=0.65), knockout effect
(p=0.0873,F1,31=3.12) or interaction effect (p=0.6111,F1,31=0.26)(Figure 2D). For total
distance traveled, we did not observe any significant effect of stress (p=0.8213,F1,29=0.05),
knockout (p=0.8842,F1,29=0.02) or interaction (p=0.5427,F1,29=0.5427) for male mice and no
significant difference among groups (*p>0.05)(Supplement 4 - Figure S2B).

Depression-like behavior
To address the impact of CUS on depression-like measures, we examined fur state, sucrose
intake, and feeding in a novel environment. In examining fur state we were interested whether
CUS resulted in more of an ‘unkept’ appearance, as observed by an increase in fur score as a
measure of depression-like behavior. There was no significant main stress and main genotype
effect and interaction effect from Logistic regression analysis (*p>0.05). However, in females
we noted significantly poorer fur state in stressed BDNF KO mice as assessed by a higher fur
score with respect to the other groups of animals (*p<0.05)(Figure 3A). In contrast, in males
we generally noted a poorer fur state than in females, however there was no significant
difference between groups (p>0.05)(Figure 3B). SCT is a paradigm used to measure an
animal’s responsiveness to a natural reward (23). A loss of sensitivity to reward has been
suggested as a measure of anhedonia, an important feature of major depression. In females,
there was a significant genotype × stress interaction effect (p=0.0278,F1,45=5.17). Multiple
comparisons using a Bonferroni t-test indicated that stressed KOs had a significant decrease
in percent sucrose intake compared to nonstressed KOs or stressed CTLs (*p<0.05)(Figure
3C). Importantly, there was no significant stress effect (p=0.0546,F1,45=3.89), knockout effect
(p=0.7688,F1,45=0.09) or interaction effect (p=0.8213,F1,45=0.05) on water intake (*p>0.05)
(Supplement 5 - Figure S3A). For males, there was a significant stress effect
(p=0.0199,F1,31=6.02), while there was no effect of knockout (p=0.8997,F1,31=0.02) nor an
interaction effect (p=0.5528,F1,31=0.36). Multiple comparisons using a Bonferroni t-test
indicated no significant differences between groups (*p>0.05)(Figure 3D). The amount of
water consumed was not significantly affected by stress (p=0.3893,F1,31=0.76), knockout
(p=0.6705,F1,31=0.18) or interaction (p=0.9741,F1,31=0.00)(*p>0. 05)(Supplement 5 - Figure
S3B). In NSF testing, an increase in the latency to feed suggests an increase in anxiety (18).
In females, there was a significant stress effect (p=0.0049,F1,43=8.79) while there was no
significant knockout effect (p=0.6509,F1,43=0.21) or interaction effect (p=0.5913,F1,43=0.29).
Multiple comparisons using a Bonferroni t-test indicated that stress significantly increased the
latency to feed in the CTLs (*p<0.05), with a similar trend observed in KOs (Figure 3E). For
males, there was a significant knockout effect (p=0.0052,F1,29=9.16), while there was no effect
of stress (p= .0532,F1,29=4.06) nor an interaction effect (p=0.1754,F1,29=1.93). Multiple
comparisons using a Bonferroni t-test indicated that stress significantly increased latency to
feed in CTLs compared to nonstressed CTLs and stressed KOs (*p<0.05)(Figure 3F).

We performed FST and TST, paradigms that are commonly referred to as depression-like tests
and which have been shown to increase immobility in mice after CUS in other studies (24).
An increase in immobility time is suggestive of an increase in depression-like behavior. For
females in FST, there was no significant stress effect (p=0.9963,F1,45=0.00), knockout effect
(p=0.4718,F1,45=0.53) or interaction effect (p=0.0931,F1,45=2.94)(Supplement 6 - Figure
S4A). For males in FST, there was no significant stress effect (p=0.5919,F1,29=0.29), knockout
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effect (p=0.2265,F1,29=1.53) or interaction effect (p=0.9603,F1,29=0.00)(*p>0.05)
(Supplement 6 - Figure S4B). Examining females in TST, there was no significant stress effect
(p=0.7447,F1,31=0.11), knockout effect (p=0.6301,F1,31=0.24) or interaction effect (p=0.8980,
F1,31=0.02)(*p>0.05)(Supplement 6 - Figure S4C). Males tested in TST displayed no
significant stress effect (p=0.2959,F1,30=1.13), knockout effect (p=0.4904,F1,30=0.49) or
interaction effect (p=0.2051,F1,30=1.68)(*p>0.05)(Supplement 6 - Figure S4D).

Corticosterone levels
To assess the effect of stress on CORT levels in CTL and BDNF KO mice, we collected trunk
blood 10–15 minutes after FST, an acute swim stress. We analyzed sera from these samples
for CORT concentration by EIA. For female CORT concentrations, there is a significant
genotype × stress interaction effect (p=0.0013,F1,42=11.92). Multiple comparisons using a
Bonferroni t-test indicated that nonstressed KOs had a significant decrease in CORT levels
compared to nonstressed CTLs and that stress significantly increases CORT levels in BDNF
KOs compared to either nonstressed KOs or stressed CTLs (*p<0.05)(Figure 4A). For male
CORT concentration, there is a significant knockout effect (p=0.0001, F1,24=20.25) while there
is no significant stress effect (p=0.2152, F1,24=1.62) or interaction effect
(p=0.3988,F1,24=0.74). Multiple comparisons using a Bonferroni t-test indicated that
nonstressed KOs had a significant decrease in CORT levels compared to nonstressed CTLs
and that stressed KOs had a significant decrease in CORT levels compared to stressed CTLs
(*p<0.05)(Figure 4B).

BDNF levels
We quantified expression of BDNF in hippocampus, a region of interest in stress-response and
a well-characterized site of BDNF knockdown in this mouse line (9), to determine the gender-
specific impact of stress on BDNF mRNA levels. We collected whole hippocampi from all
mice subjected to behavioral testing and used quantitative PCR to analyze BDNF mRNA levels.
For female BDNF levels, there is a significant knockout effect (p=0.0040,F1,34=9.51) and stress
effect (p=0.0185,F1,34=6.12) while there is no significant interaction effect
(p=0.4947,F1,34=0.48). Multiple comparisons using a Bonferroni t-test indicated that
nonstressed CTLs are significantly different from the other three groups (*p<0.05)(Figure 4C).
For male BDNF levels, there is a significant knockout genotype interaction effect
(p=0.0040,F1,25=10.04). Multiple comparisons using a Bonferroni t-test indicated that,
similarly to females, nonstressed CTLs are significantly different from all other groups
(*p<0.05)(Figure 4D).

Discussion
Results of this study demonstrate that in several behavioral paradigms female mice are more
vulnerable to CUS than males. We found that loss of BDNF makes female mice more sensitive
to some measures of anxiety and particular features of depression-like behaviors following
CUS compared to littermate CTLs. In contrast, loss of BDNF in males fails to increase most
measures of anxiety, anhedonia and depression-like behavior following CUS compared to wild
type CTLs. This is not to say that there were no genotype effects observed following CUS in
males, but rather that the effects of stress and genotype were more extensive in females than
males. Collectively, these data suggest that loss of BDNF does not result in greater
susceptibility to depression-related behavior per se, but rather is linked to expression of these
behaviors in a gender-specific manner in response to stress. CUS paradigms have produced
alterations in locomotor activity, anxiety-like behavior, fur state, sucrose consumption, forced
swim test, tail suspension tests, and corticosterone levels in rodents (25,26). However, most
robust CUS effects on these measures are in rats and effects in mice have been more difficult
to ascertain suggesting that mice may be more resilient to chronic stress (25). Most CUS studies
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have relied solely on males and our data would largely support the resiliency of male mice to
stress in many of these behavioral paradigms. However, our data with female mice suggests
they may have an increased vulnerability in some behavioral measures following CUS.

In females, we found that stress produced a significant decrease in total locomotor activity of
inducible KOs compared to nonstressed CTLs, nonstressed KOs, and stressed CTLs suggesting
that loss of BDNF in females exacerbated locomotor deficits. In males, we found that
nonstressed inducible KOs were significantly hyperactive compared to nonstressed CTLs in
agreement with previous findings (9). Following CUS, male CTLs displayed significant
hypoactivity compared to nonstressed CTLs while a similar trend, although not significant,
was observed in BDNF KOs.

We assessed anxiety-related behavior using the OF test. In females, we found that CUS in
BDNF KOs significantly reduced the time in the center of the arena and the number of entries
to the center, indicative of an increase in anxiety-like behavior, compared to nonstressed KOs.
In males, loss of BDNF did not alter anxiety related behavior following CUS. Our data is in
contrast to previous findings of anxiolytic like effects of CUS in elevated plus maze (27),
however other reports utilizing chronic variable stress report anxiogenic like effects in this test
(28) and further studies suggest that these differences may be accounted for by the length of
time between stress exposure and testing (29).

We examined the effects of CUS in inducible KOs in paradigms that provide measures of
depression-like behavior. We examined the fur state of animals to assess grooming behavior,
SCT as a measure of anhedonia, and latency to feed in the NSF test in CTL and BDNF KO
animals following CUS. In females, we found that in nonstressed conditions loss of BDNF did
not alter fur score, sucrose intake or latency to feed in the NSF test compared to CTLs.
Following CUS, we found that female BDNF KOs had a significantly poorer fur score and
were more anhedonic than nonstressed KOs or stressed CTLs and displaying a strong trend
towards an increase in latency to feed compared to nonstressed KOs. In male KOs, CUS did
not produce significant differences in fur score or sucrose consumption compared to other
groups, and in the NSF test BDNF KOs appeared less anxious following CUS than CTLs.
Collectively, this data suggests that loss of BDNF in CUS females may increase anxiety related
behavior and some measures of depression related behavior, however these effects are gender
specific since similar effects were not observed in males.

We examined mice in the FST and TST, tests that are commonly used to assess antidepressant
efficacy and, by extension, depression (30). Surprisingly, we did not observe increased
depression-like behavior as assessed by increased immobility in either FST or TST following
CUS in either females or males independent of genotype. The FST and TST are often associated
with depressive phenotypes in rodents following acute stress (24). Our lack of a change in
immobility in these paradigms may be due to the adaptive aspect of stress responses to CUS
over time (31). Recent interest has focused on uncovering the genetic mechanism behind the
consistent observation that some animals display resilience to stress (32,33). To this end,
neither susceptible nor resilient mice display differences in the FST or TST after chronic social
defeat stress (33), although this finding is not unequivocal(34). It is possible that the lack of a
change in depression-like behavior as determined here could be due to the fact these tests are
designed to predict antidepressant efficacy rather than as measures indicative of depression-
like behavior (10,35).

As a physiological measure of stress to support our behavioral findings, we assessed CORT
concentration. Rather surprisingly, we found that under nonstressed conditions loss of BDNF
is associated with decreased CORT levels in both males and females. Furthermore, we found
that susceptibility for developing depression-related behaviors in female BDNF KO mice after
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CUS was correlated to a significant increase in CORT levels compared to nonstressed KOs
and stressed CTLs. In contrast, in males we found that CUS did not significantly alter CORT
levels compared to baseline levels of CORT in nonstressed CTLs and KOs. These findings
suggest that under nonstressed conditions there is an interaction between BDNF and CORT in
that loss of BDNF significantly reduced plasma CORT levels although this was not
significantly correlated with decreased anxiety or depression like behavior. Following CUS,
we found gender specific effects of the interaction between BDNF and CORT. Interestingly,
a significant increase in CORT levels following CUS was observed in female BDNF KOs, the
animals with the most pronounced anxiety and in some measures depression like behavior here.

We examined BDNF mRNA expression in all female and male groups. We found that under
nonstressed conditions, both female and male KOs had a significant reduction in BDNF in
hippocampus in agreement with previous data (9). Following CUS, we found that both male
and female CTLs showed a significant reduction in the amount of BDNF in hippocampus.
Rather surprisingly, CUS did not further reduce BDNF levels in KOs compared to nonstressed
conditions. This data suggests that there is a floor effect in the amount of BDNF reduction in
hippocampus. Thus while there were significant behavioral differences in KOs following CUS,
this was not directly correlated with the amount of BDNF mRNA.

Interestingly, studies examining the effect of gender on stress responses have shown that BDNF
levels in dentate gyrus are reduced in females but not males after restraint stress in rats (36),
contrary to what we observed. Instead, our data suggests that dysregulation of the
hypothalamic-pituitary-adrenal (HPA) axis stress response between males and females may
account for the gender differences in agreement with previous literature (37,38). Recent studies
have suggested that depression based gender differences may be the result of alterations in
hormonal levels (39–41) or in neuroanatomical differences between males and females (42).
It is for this reason that many laboratories utilizing female mice control for estrus cycle.
However, in this study, we did not control for the estrous stage of females. While there may
be concern that female mice cycling at different stages could impact the behavioral data and
result in inconclusive data, we were able to observe significant behavioral effects even in spite
of this concern. Our very large number of females in each group, which likely represents a
sampling across all stages of cycling, may well have contributed to our ability to observe
significant behavioral effects.

Intriguingly, a recent study has shown that in conditional BDNF KO mice there is evidence of
increased depression-like behavior in females BDNF KOs but not males (9), however it is
difficult to make direct correlations with the data presented here and the previous study as the
pattern of BDNF deletion in these various BDNF lines is quite different suggesting that regional
pattern of BDNF deletion may influence depression based behavior. Future studies will be
necessary to examine the mechanistic link between BDNF, gender differences, and the regional
effect of BDNF in susceptibility to depression-related behavior.

Our findings suggest that loss of BDNF in forebrain contributes to some aspects of depression-
like behavior in a complex manner with gender. The finding that BDNF deletion in males was
not sufficient to produce alterations in many behaviors examined suggests that the neurotrophic
hypothesis related to depression is more complicated than simply that loss of the gene triggers
depression. The loss of forebrain BDNF increased vulnerability in aspects of depression-related
behaviors in females after CUS suggesting a role for BDNF in mediating features of depression-
related behavior in females.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
CUS produces significant effects on locomotor activity. (A) CUS produced a significant stress
(F1,42 =4.83, p<0.05) and genotype effect (F1,42 =4.22, p<0.05) on locomotor activity in
females. The female stressed BDNF KOs were significant hypoactivity compared to stressed
CTLs and nonstressed BDNF KOs (*p<0.05). (B) CUS produced a significant stress effect
(F1,30 =7.75, p<0.01) on locomotor activity in males. Male BDNF KO mice were hyperactive
compared to CTL mice at baseline (*p<0.05). After CUS, male mice (*p<0.05) were
significantly less active than their nonstressed cohorts while no significant effect was observed
in nonstressed KOs compared to stressed KOs (p>0.05).
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Figure 2.
Females displayed heightened anxiety following CUS as assessed in the open field test. (A,
C) In females, CUS produced a significant stress effect in the duration of time in the open field
(F1,45 =4.06, p<0.05) as well as in the frequency to enter the center area (F1,45 =6.33, p<0.05).
CUS in the BDNF KOs resulted in a significant decrease in duration of time in the center
(p<0.05) and in the number of entries in the center (p<0.05) compared to nonstressed BDNF
KOs. (B, D) Male mice did not differ in their anxiety behavior before or after stress regardless
of genotype.
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Figure 3.
CUS increases certain depression-like behaviors in females. (A–B) Females, but not males,
show a poorer fur state after CUS and there is an additional effect of genotype. (C–D) CUS
results in significant alterations in sucrose consumption in female and male mice. Female
stressed KOs consumed significantly less sucrose than both nonstressed KOs and stressed
CTLs (* p<0.05). (E–F) In the novelty suppressed feeding task, stress significantly increased
latency to feed in female mice (F1,43 =8.79, p<0.005) but no effect in male behavior, and both
stressed CTL and KO females took significantly longer to feed than their unstressed cohorts
(p<0.05). However, there was a significant difference in male feeding behavior after stress in
CTL mice compared to both nonstressed CTLs and stressed KOs(p<0.05).

Autry et al. Page 14

Biol Psychiatry. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Corticosterone and BDNF levels following chronic stress. (A–B) Stress did not have a main
effect on CORT levels in male or female mice. However, in females, stress and genotype have
significant interaction on CORT measures (F1,42 =11.92, p<0.05). In both sexes, CORT levels
are significantly lower in BDNF KOs under non stress conditions (p<0.05). In females, BDNF
KO mice show heightened CORT levels after stress compared both to nonstressed KOs and
stressed CTLs (p<0.05). However, in males, BDNF KOs displayed significantly lower CORT
levels after stress compared to stressed CTLs (p<0.05). (C–D) BDNF levels following chronic
stress. For female BDNF levels, there is a significant knockout effect (p=0.0040,F1,34=9.51)
and stress effect(p=0.0185,F1,34=6.12) while there is no significant interaction effect
(p=0.4947,F1,34=0.48). Multiple comparisons using a Bonferroni t-test indicated that the
nonstressed CTLs are significantly different from other three groups (*p<0.05). For male
BDNF levels, there is a significant knockout × genotype interaction effect
(p=0.0040,F1,25=10.04). Multiple comparisons using a Bonferroni t-test indicated that,
similarly to the females, the nonstressed CTLs are significantly different from the other three
groups (* p<0.05).
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