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Chronic stress and gonadectomy decrease the levels of neurotrophin-3

and brain-derived neurotrophic factor in adult mouse brain
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Abstract: The present study was to determine the impact
of exposure to chronic stress on the levels of neurotrophic
factors in the mouse brain, and investigate whether the
stress-induced decline in reproductive hormone may impli-
cate this process. Intact adult male mice and gonadec-
tomized ones were exposed to the scheduled stress episode
for 60 consecutive days. The protein levels of brain-de-
rived neurotrophic factor ( BDNF) and neurotrophin-3
(NT-3) were significantly decreased in the dentate gyrus,
CA1, CA2 and CA3 subfields of the hippocampus and in
the cerebral cortex, consistently, these brain regions
showed significantly neurodegeneration in intact stressed
mice. Interestingly, the stress-induced diminution of
BDNF and NT-3 protein levels in these brain regions were
significantly intensified by gonadectomy. Particularly,
NT-3 level in the dentate gyrus of stressed mice was pref-

Likewise, the

stress-induced neurodegeneration in these brain regions,

erentially decreased by gonadectomy.

especially the dentate gyrus was also aggravated by go-
nadectomy. The results demonstrate that chronic stress
decreases NT-3 and BDNF protein levels and produces
neurodegeneration in the hippocampus and the cerebral
cortex, and gonadectomy exacerbates these deleterious ef-
fects of chronic stress on the brain, indicating that go-
nadectomy increases the vulnerability of neurons to neu-
ropathology of stress, and suggesting that stress-induced
testosterone deficit play a contributive role in neurodegen-
eration. This study also suggests that the diminishments of
BDNF and NT-3 protein levels contribute to the neurode-
generation in the brain during chronic stress.
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At least three members of neurotrophic factors
are expressed in the hippocampus: nerve growth
factor (NGF ), brain-derived neurotrophic factor
(BDNF), and neurotrophin-3(NT-3)m , and they
are necessary for the normal development, survival

(23] Siress and corticos-

and plasticity of neurons
terone were reported to be capable of affecting
mRNA statement of neurotrophins as evidenced by
the facts that BDNF mRNA levels are reduced,
whereas NT-3 mRNA levels increased in the hip-
pocampus by repeated stress™, and that BDNF
and NT-3 mRNA levels are downregulated in the
hippocampus after 1 week of daily injections with
high doses of corticosterone, which is equivalent to
the plasma level of corticosterone released from a-
drenal during high intensive stress' .

It is well known that stress accelerates repro-
ductive endocrine degeneration, which means sex
hormone deficits, and the aging of the brain. And
reproductive endocrine dysfunction is often accom-
panied by degeneration of cognitive processes in
middle and late life. So we hypothesized that
chronic stress may influence expression of neuron-
trophins at protein level, and this event may be
involved in the neuropathological effects of chronic
stress on the brain, and that some interaction or
relationship exists between brain aging and repro-
ductive endocrine degeneration. This study was to
observe the impact of chronic stress, which pro-
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duced impairment of learning and memory and
testosterone deficit, on BDNF and NT-3 protein
levels in the hippocampus and the cerebral cortex.
And the influence of gonadectomy on the stress-
induced changes in the neurotrophic levels was al-
so to be observed.

1 MATERIALS AND METHODS

1.1 Stress paradigm

Adult male Kun-Ming mice (3 — 4 month of
age) were purchased from Animal Center of Chi-
nese Academy of Medical Sciences and maintained
in our laboratory for at least 1 week prior to exper-
imental use. These animals were housed in a tem-
perature regulated (25.0 + 0.5)°C, light-con-
trolled (14:10 h light: dark, lights at 5:00 am),
and allowed free access to mouse chow and water.
Mice were divided into three groups [ control,
stress, and gonadectomy(GDX) plus stress) of 12
animals each. Mice of the gonadectomy group
were gonadectomized under ether anesthesia and
injected intramuscularly with 0. 1 mlL Combiotic
(‘procaine penicillin G plus dihydrostreptomycin
sulfate, 0.1 GU-L™") for 5 weeks prior to the
stress episode .

The stress used in these studies was always
carried out between 9:00 am and 3:00 pm. The
chronic stress was accomplished by alternatively
using four stressors including hanging tail, swim-
ming in cold water, periodic food deprivation and
restraint. In order to avoid habituation for stress,
the stress intensity was increased step by step with
progression of the stress episode. In d 1 -3 of the
episode, animals in groups of stress and GDX +
stress were exposed to hanging tail (2 h-d™") dai-
ly. In d 4 — 6 the animals were forced to swim
daily (5 min-d™") in cold water with 20 cm deep
and a regulated temperature (10.0+0.5)°C. In
d 7 -9 the animals were deprived of their food for
72 h. In d 10 = 12 the animals were exposed to
restraint daily (2 h- d™!), which was accom-
plished by placing the animals in the glass bottles
of 50 mL volume. In d 13 — 15 animals were again
subjected to tail-hanging daily for the time 1 h

longer (3 h*d™") than the last hanging, in d
16 — 18 to the swimming with a temperature 1°C
lower (9 +0.5)°C than the last stress, in d 19 —
21 deprived of their food for 72 h, in d 22 — 24 to
the restraint for the time 1 h longer (3 h- d-1
than the last ones. In this pattern, the stress in-
tensity was progressively increased until the sched-
uled 60 d stress episode was finished. During the
whole episode, animals in control group were not
disturbed in cages.

1.2 Immunohistochemistry

After 24 h of termination of the final sched-
uled stress episode, mice under anesthesia were
perfused with saline, followed by 4% para-
formaldehyde in phosphate buffered saline ( PBS,
pH 7.4) through heart. Brains were post-fixed.
Thirty-five micrometer -thick coronal sections were
continuously cut through the hippocampus with a
vibratome. The every third and fourth sections
were used for examination of NT-3 and BDNF im-
munoreactivity, respectively. Adjacent sections
were stained with Nissl for examination of neuronal
structure .

Immunohistochemistry was performed on free-
floating sections with a standard avidin-biotin-per-
oxidase ( ABC) protocol ( Vectastain Elite ABC
kit, Vector Labs, Burlingame, CA). The peroxi-
dase reaction was visualized with diaminobenzidine
with nickel intensification for BDNF and NT-3.
The primary antibodies (Santa Cruz Biotechnolo-
gy, Delaware, CA) were used at dilutions of 1:
200, 1:500, respectively. The secondary anti-
body was employed at a dilution of 1:200. The
specificity of the immnuoreaction was tested by in-
cubating a few sections without the primary anti-
body or with nonspecific rabbit IgG. Tissue from
control and treated animals was processed in paral-
lel to eliminate day-to-day variation in the staining
procedure .

Average optical density (A *mm~?) of
BDNF- and NT-3-immunoreactivity in the curtain
area was quantified with computer-assisted image
analyst. Average optical density correlates posi-
tively with the number and staining density of
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BDNF- or NT-3-immunoreactive granules and with
the average level of BDNF or NT-3 protein in the
brain area measured. After shading correction,
the cerebral cortical and hippocampal images were
corrected for film background, and the average of
the cell layers of the CA3 and CA4 regions and
the dentate gyrus and the cerebral cortex was mea-
sured. Three to four sections from each piece of
tissue were used for measurement of NT-3 and
BDNF protein levels. Animals in each group were
5-6.
1.3 Statistical analysis

Data were expressed as the mean average op-
tical density of BDNF- or NT-3-immunoreactivity
and the mean percentage of the control protein
levels x + s as indicated in the table captions.
Differences between groups were tested statistical-
ly by analysis of variance (ANOVA) according to
Student-Newman-Keuls test.

2 RESULTS

2.1 Chronic stress-induced changes in NT-3
and BDNF protein levels in the cerebral cortex
and hippocampus

Chronic stress for 60 consecutive days pro-
duced impairment of learning and memory in male
mice (results were reported in other paper). Tab
1 shows the effects of chronic stress and GDX on
INT-3 protein level shown as the absorbance of NT-
3-immunoreactivity, which correlates positively
with NT-3 protein level, in the cerebral cortex
and the hippocampus. The dark-granules, which
were in solid circles, depict NT-3 positive gran-
ules in cells. In control (unstressed mice), NT-3
positive granules were abundantly present in the
granular layer of the dentate gyrus, and the CA3
and CA4 layers of the hippocampus, and the cere-
bral cortex. But in mice subjected to chronic
stress, the positive granules were decreased in
number and density, and the positive granules
were further decreased in number and density in
GDX mice throughout the brain (Fig 1). Consis-
tent results were found in the quantitative analysis
of NT-3-immunoreactivity. NT-3 levels in the

cerebral cortex and the hippocampal dentate
gyrus, CA3 and CA4 layers of stressed mice were
markedly decreased compared with control as
demonstrated by that the average optical density of
NT-3-immunoreactivity in these brain regions of
stressed mice was significantly reduced compared
with control. Furthermore, the stress-induced
diminution of NT-3 levels in all these brain re-
gions were exacerbated by gonadectomy as evi-
denced by that the average optical density of NT-
3-immunoreactivity in GDX mice was significantly
diminished compared with intact-stressed mice
(Tab 1). And it is noticeable that NT-3 level in
the dentate gyrus was preferentially decreased in
GDX mice because the relative average optical
density of NT-3-immunoreactivity to control in
the dentate gyrus(25.6 = 3.0)% was obviously
decreased compared with the cerebral cortex
(40.0+9.0) %, the hippocampal CA3 (40.7 +
11.0)% and CA4(34.4 +7.0)% subfields in
the same group, respectively.

The stress-induced alterations in BDNF pro-

tein levels were similar to changes in NT-3 levels.

Fig1. The expression of NT-3 protein in the brain
with immunohistochemical ABC-stained method. The
dark-granules depict NT-3 positive granules in cell nucleus of the
cerebral cortex (A — C) and the dentate gryus (D - F). Note abun-
dantly positive granules in control (A and D), decreases in NT-3-im-
muoreactivity in the stressed mice (B and E) and further decreases in

the mice gonadectomized prior to exposure to the stress (C and F) .
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Tab 1. Effects of chronic stress and gonadectomy on NT-3 protein levels in brain
NT-3 protein level
Group
Cortex Dentate CA3 CA4

Control 0.099+0.018 0.325+0.028 0.182+0.033 0.352+0.022
Stress 0.056+0.013" "~ 0.162+0.027" " 0.107+0.018"~ 0.184+0.024" "
GDX + stress 0.040£0.009* * * 0.083+0.010" * * 0.074+0.021" * * 0.121£0.025"* * *

Data in Tab 1 are the average optical density (A+mm~2) of NT-3-immunoreactivity in cerebral cortex, dentate, CA3 and CA4 subregions of

hippocampal dentate gyrus. Animals in stress were exposed to the controlled stress episode. Animals in “GDX + stress” were gonadectomized

for 5 weeks prior to the same stress episode. Three to four brain sections from each animal were analyzed. x +s, n=5-6. ** P<0.01,

compared with control; *P<0.03, compared with stress.

The average optical density of BDNF-immunoreac-
tivity in the cerebral cortex and the hippocampus
of stressed mice was significantly decreased com-

And the
diminution of the average optical density of BDNF-

pared with control. stress-induced
immunoreactivity was also aggravated by gonadec-
tomy (Tab 2). But the relative average optical
density of BDNF-immunoreactivity to control in
the dentate gyrus(41.5+5.0) % was not prefer-
entially decreased compared with cortex(45.0 +
4.0)% and CA3(51.9+6.0)% in GDX mice.
The results demonstrated that chronic stress signif-
icantly reduced BDNF protein level in the cerebral
cortex and the hippocampus, and this change was
intensified by gonadectomy.
2.2 Chronic stress-induced change in mor-
phology of cortical and hippocampal neurons
In order to understand the relationship be-
tween the diminution of NT-3 and BDNF and neu-
ronal structure degeneration, the sections from the
same piece of brain tissue that were used to ob-
serve immunoreaction of neurotrophic factors were
stained with Nissl. Fig 2 shows the deleterious ef-
fects of chronic stress on neuronal structure in the

cerebral cortex and the dentate gyrus. It is in-

triguing that neurodegeneration in the dentate
gyrus is the most obvious among all the hippocam-
pal subregions in GDX mice, that is consistent
with the preferential diminution of NT-3 level in
this region of GDX mice, suggesting that neu-
rotrophin deficit be involved in stress-induced
neurodegeneration. Furthermore, other morpho-
logical degeneration such as neuronal apoptosis in
the dentate gyrus was shown in the 6 pm-thick
sections cut by rotary microtome in these animals
(results not shown) .

3 DISCUSSION

The present results demonstrate that the 60
consecutive days of chronic stress not only de-
creases BDNF and NT-3 protein expressions
throughout the brain especially in the hippocam-
pus, but also causes structural changes and neu-
ronal damages as well as cognitive impairment
(results shown in other papers). Chronic stress-
induced diminution of BDNF protein levels in this
study is supported by the study that immobilization
and administration of corticosterone diminished
BDNF mRNA levels in the hippocampus[s]. And
the reductions in NT-3 protein level especially in

Tab 2. Effects of chronic stress and gonadectomy on brain-derived neurotrophic factor protein levels in brain
Brain-derived neuntrophic factor protein level
Group
Cortex Dentate CA3
Control 0.244 +0.023 0.609 +0.053 0.602 +0.059
Stress 0.158+0.019" * 0.390+0.025" " 0.425+0.051" "
GDX + stress 0.110£0.010" * # 0.253+0.030" " *# 0.312+0.036" " *#

Data in Tab 3 are the average optical density (A*mm~2) of BDNF-immunoreactivity. See Tab 1 for the treatment. z + s, n=5—6.

** P<0.01, compared with control; * P <0.05, compared with stress.
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Fig 2.  Nissl-stained cells in dentate gyrus of hip-
pocampus and cerebral cortex. Hippocampus(A, B, C),
cerebral cortex(D, E, F), control(A,D), stress(B,E), GDX +
stress(C, F). Note marked changes in necrosis of neurons in the
sections of the groups of stress and “GDX + stress” .

the dentate gyrus are consistent with the results
that seizures or ischemia reduced NT-3 mRNA

levels in the dentate gyrus[6_8] , but opposite to

the enhancement of NT-3 mRNA levels in the hip-
pocampus during 7 consecutive days of repeated
immobilization'*' . These facts imply that the neu-
rons exposed to different duration of stress or dif-
ferent insults may show different expression of
neurotrophic factors.
Corticosterone is  found
BDNF and NT-3 statement® 3. In the present
study, the diminution of BDNF and NT-3 protein
levels in the brain of GDX mice is also related to

to downregulate

corticosterone because the stress-induced en-
hancement of adrenal weight and adrenal/body
weight ratio were further significantly increased by
gonadectomy prior to the stress. Androgen was
found to inhibit the increase in hypothalamic corti-

cotrophin-releasing hormone (CRH) and CRH-im-

munoreactivity was increased following gonadecto-
my[g] , so it is reasonable that gonadectomy ex-
acerbated the stress-induced enhancement of
adrenal/body weight ratio in this study. The pref-
erential diminution of NT-3 protein level in the
dentate gyrus of GDX mice indicated that go-
nadectomy increased the vulnerability of neurons
in the dentate gyrus to stress damage, but the
mechanisms underlying this process are not clear.
This study provides a more direct evidence for the
fact that stress plays an important role in negative
regulation of neurotrophic factors statement, and
indicates that testosterone is involved in a regula-
tion of neurotrophins levels at least via indirect
pathway, suggesting that it may be useful to delay
the aging of the brain to maintain normal testos-
terone level during late life in male.

Neurotrophic factors have dramatic effects on
the function and the morphology of mature neu-
rons. For example, BDNF simulates synaptic
transmission in hippocampal neurons '*~ 2} and
BDNF knockout mice display attenuated LTP in
the CA1 region of the hippocampusm’m]. In ad-
dition, BDNF and NT-3 both decrease the vulner-
ability of cultured hippocampal neurons to glucose
deprivation, and NGF and BDNF reduce gluta-
mate neurotoxicity in these neurons'*) . So the low
levels of BDNF and NT-3 protein statement (in
dentate gyrus, CA3, and CA4) observed in this
study would increase the vulnerability of neurons
in these subfields to various insults from chronic
stress. And it is conceivable that the decreases in
BDNF and NT-3 protein level play a contributive
role in the stress-induced impairment of cognition
and neurodegeneration .

In summary, this study demonstrates that
chronic stress reduces NT-3 and BDNF protein
levels in the hippocampus and the cerebral cortex,
and these suppressive actions of chronic stress on
BDNF and NT-3 are aggravated by gonadectomy.
But how gonadectomy exacerbated stress-induced
diminishment of neurotrophins in the brain and
why NT-3 level in the dentate gyrus of stressed
brain was preferentially reduced by gonadectomy
are not clear.
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