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Table 1 Chronic variable stress procedure

DAY Manipulation

DAY |  Restraint stress (2 hr)

DAY 2 Foot shock stress (1.2 mA, 1 sec/10 sec, 5 min)

DAY 3 Water deprivation (24 hr) 1 cycle (1 week)
DAY 4  Cold water swim stress (4°C, 5 min) X 2 cycles (2 weeks)
DAY 5  Psychological stress (1 hr) 4 cycles (4 weeks)
DAY 6  Food deprivation (24 hr)

DAY 7  Tail-pinch stress (5 min)
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Effects of exposure to chronic variable stress (CVS) on the food or water intake in mice. Panel A-C: Time-course
pattern of food intake during exposure to CVS for I (A), 2 (B) and 4 (C) weeks. Panel D-F: Time-course pattern of
water intake during exposure to CVS for 1 (D), 2 (E) and 4 (F) weeks. Each point represents the mean with S.E.M.
of 12 mice.

(4)



2009 4E 4 F

(A) 120

Body weight gain (%)

DAY
(O) 120+
1154
110
105+
100

954

Body weight gain (%)

TR il 4 44 ARMEE R b L AHTEFET BRI & AR A T & OB

—209 —

T T T T T T T
9 1011 12 13 14 15

DAY

— 1 T T T 71

~ Non-stress

(

=

110 110
~

T T T T T T T T I I T T T T T T

9 10 11 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29

DAY

T Stress

~

—

(4

=
1

-

=3

<
T

&

Body weight gain (%) &5
g g
F T

Body weight gain (%

L%

-

-

<
T

Body weight gain (%)
2

I 1| Tz 2

<

L C 2 I L 2

>

Non-stress Stress

Fig. 2

exposure to CVS for 1 (D), 2 (E), 4 (F) week.
*P<0.05, **P<0.01 vs. Non-stress group.
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Effects of exposure to chronic variable stress (CVS) on the body weight gain in mice.
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Panel A-C: Time-course pattern
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Each point and column represents the mean with S.E.M. of 12 mice.
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Table 2 Effect of exposure to chronic variable stress on the weight of organs of mice
related to the immune (thymus and spleen) and endocrine (adrenal gland)

Group Thymus Spleen Adrenal gland (mg/10 g of B.W.)
Non-stress 16.71.3 33.8+2.1 1.8+0.08
Stress (1 week) 11.6+0.7%  27.1414% 1.74+0.06
Non-stress 16.0+1.2 37.1£3.8 1.74+0.10
Stress (2 weeks) 123+1.0%  269+0.8% 2.3+0.30
Non-stress 129+0.9 33.1+1.8 1.4+0.10
Stress (4 weeks) 10.5+1.1 30.242.4 1.5+0.10

The organs were removed immediately after the measurement of exploratory behavior
of mice on the hole-board. Each data represents the mean with S.EMM. of 11-12
mice. *p<0.05 vs. non-stress group.

Table 3 Influence of exposure to chronic variable stress on exploratory behavior of mice estimated by the hole-board test

Rearing Head-dips
Group Locomotion (cm)
Counts Buration (sec) Counts Duration (sec) Latency (sec)

Non-stress 2,174.5+884 280434 29.0+3.6 33.3+1.7 157+1.4 20.3£29
Stress (1 week) 2,273.84+76.5 253126 289440 44.2+3.0%* 21.7+1.9% 26.9+438

Non-stress 2,263.4+68.3 264124 27.7+3.6 36.14+3.8 17.6 1.7 282451
Stress (2 weeks) 1,887.9+71.3%* 26.1£2.5 30.0+3.8 348433 17.5+22 41.1£16.2

Non-stress 2,043.5+110.2 225422 22728 45.1E1.5 257412 214+34
Stress (4 week) 2,179.1+118.3 245+33 29.6+4.5 4291433 212427 19.3+4.1

Mice were exposed to various types of stress stimuli for 1,2 or 4 weeks.
exploratory behavior of mice on the hole-board were measured for 5 min.

of I1-12 mice. *p<0.05, **p<<0.01 vs. non-stress group
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Fig.3 Effects of exposure to chronic variable stress on the brain-derived neurotrophic factor (BDNF) levels in the frontal cortex

(A), amygdala (B), hippocampus (C), hypothalamus (D) and midbrain (E) of mice.
*P<0.05 vs. Non-stress group.

mean with S.E.M. of 11-12 mice.
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Relationship between emotional changes induced by chronic variable stress
and the brain-derived neurotrophic factor in mice
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Abstract

It is well known that the chronic stressful situation is one of the risk factors underlying the induction of emotional
disorders including depression. Increased evidence suggests that the brain-derived neurotrophic factor (BDNF), a member of
the neurotrophin family, may play an important role in the pathophysiology and treatment of emotional disorders. The aim
of the present study was to examine the changes in emotionality as well as the levels of BDNF in the brains of mice that have
been exposed to the chronic variable stress (CVS). The schedule of exposure to CVS was as follows : Day 1, restraint stress
(L hr); Day 2, foot shock stress (5min (intensity 1.2 mA, durationlsec, interval 10 sec)) ; Day 3, water deprivation (24 hr) ;
Day 4, cold swimming stress (Smin (4°C)); Day 5, psychological stress (1 hr); Day 6, food deprivation (24 h); Day 7,
tail-pinch stress (5 min). Mice were exposed to CVS for 1, 2 or 4 cycles (i.e. 1, 2 or 4 weeks). Twenty-fours after the final
exposure to CVS, the emotionality of mice was estimated by the hole-board test. Then, the brains of mice were rapidly
removed and dissected into five brain regions (frontal cortex, amygdala, hypothalamus, hippocampus and midbrain). The
concentration of BDNF in the brain regions were analyzed by ELISA. Exposure to CVS for | and 2 weeks produced an
increase in head-dipping behavior and a decrease in locomotor activity, respectively. These results suggest that CVS may
induce different types of emotional abnormalities depend on the duration of stress exposure. On the other hand, exposure
to CVS for 4 weeks did not induce any behavioral changes, indicating the development of stress adaptation. Furthermore,
exposure to CVS for | week produced a significant decrease in BDNF level in the frontal cortex and amygdala. In contrast,
BDNF levels in the amygdala significantly increased after exposure to CVS for 2 weeks. These biochemical changes also
diminished by exposure to CVS for 4 weeks. It is therefore suggested that BDNF may have a critical role in chronic
stress-induced emotional abnormalities as well as the development of stress adaptation.

<Key words> Emotional behavior, Hole-board test, Chronic variable stress, Brain-derived neurotrophic factor, Mice
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