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Abstract

Introduction: Different kinds of chronic stress can induce
various effects on body systems including the brain. One of
the factors related to brain function is brain derived
neurotropic factor (BDNF). So, the purpose of the present
study was to evaluate the influence of physical stress as
aerobic exercise/training and psychological stress on brain
derived neurotropic factor (BDNF) in Wistar rats.

Material € Methods: The study was semi experimental. 90
healthy male Wistar rats (weight 2004+40 gr) were randomly
divided in to 6 groups of Exercise (EX), Emotional stress
(ES), Physical stress (PS), exercise combined with emotional
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(EXES), exercise combined with physical stress (EXPS) and
control. Wistar rats were exposed to programs included one
session (acute) and two weeks (chronic) aerobic training on
treadmill with or without emotional and physical stress.
Blood samples, for BDNF measurement, were taken 12 hours
following the last session of treatment. Statistical tests of
analysis of variance and follow up Bonferroni test were used
for data analysis.

Results: After one session of the experiment, BDNF increased
significantly in the EX group compared to other groups
(p<0.05). After two weeks of training, BDNF significantly
decreased in the ES groups compared to other groups, while
BDNF increased in EXES compared to ES (P<0.05) group.
One session of EX increased BDNF compared to non-EX
groups, but following two weeks, chronic ES per se reduced
BDNF compared to non-ES groups. But when ES combined
with EX caused increasing of BDNF.

Conclusions: Present findings suggest that EX can probably
prevent decreasing effect of ES on BDNF. However, future
research should clarify the source of BDNF changes.

Keywords: Brain-Derived Neurotrophic Factor, Aerobic
exercise, Emotional stress, Physical stress.

1. Introduction

Brain-derived neurotrophic factor (BDNF) is a division of neurotrophin
family which is greatly expressed in mammalian brain (1) and some
peripheral tissues including muscles (2), and adipose tissues (3). BDNF
involve in central metabolic pathways (4), energy metabolism in
peripheral organs (5), proliferation, differentiation, and survival of
neurons, neurogenesis, synaptic plasticity, cognition function (6), body
weight control, and feeding behavior (7). Several factors including
gender, age and weight effect on BDNF levels in human (8).

Recent evidences have indicated the relationship between physical
activity and BDNF level. A recent review study by Haung et al (2013)
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reported that acute and chronic aerobic EX increase blood BDNF level
(9). But according to majority of studies, reported in this review, the
strength training was not effective on blood BDNF. Surprisingly, inverse
relationship has been reported between habitual physical activity and
physical fitness. So, there are many controversies related to the influence
of EX or physical activity on blood BDNF. Recent findings suggest that
blood BDNF is negatively related to some disease such as psychological
job stress and uncontrolled neuron hyperactivity may suppress BDNF
synthesis (10) but the cause of this suppression (peripheral, central or
both) is not clear. Rodent studies have indicated significant relationship
between blood and cortical BDNF levels (11, 12), suggesting that
peripheral serum BDNF may help as a substitute for cortical
measurements.

Although, the association between EX, physical activity and mental
health (13) and cognitive impairments (14) have been proved by many
studies, but sport participation may impose somatic, social and mental
stress (15). However, fewer studies have conducted on physiological
influences of different stresses (16) including exercise or sport.

Stress is defined as the conditions that are challenging emotionally and
physiologically (17). The capacity to cope with stress is individual, but is
accompanied by deregulation of active processes of adaptation, or
allostasis, and cause allostatic load (17). Previous studies have indicated
that chronic stress impairs muscular recovery of function and somatic
sensations (18) and decrease muscular and neural adaptations (19, 20).

Sometimes EX is a stress by itself (21). Acute and chronic EX may be
regarded as a stress for neuroendocrine system or play a dual role as a
stress and a modifier of stress within the neuroendocrine system (22).
Considering the relationship between physical activity or EX and mental
stress (23), and potent influence of stress on BDNF (24) or different
modulation of BDNF transcript by physical EX and stress (25), it is not
clear yet that while EX is/is not accompanied by mental or physical
stress, how it can influence on BDNF. Therefore, considering
discrepancies in findings about influence of EX and ES on BDNF, we
compared and studied the acute and chronic influence of combined and
separate exercise, physical and emotional stress on serum BDNF in rats.
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Material & Methods

Samples

90 Male wistar rats aged 3 months, weight 200440 were obtained from
animal laboratory of Shiraz University of Medical Sciences. They were
kept in constant situation including temperature (2241 ° C), light (from
7:00 am to 7:00 pm). All rats were given a standard rat diet and water
were ad libitum throughout the study. Wistar rats were randomly
divided to 6 equal acute and chronic treatment groups (every group
included 8 rats): exercise (EX), emotional (ES), Physical stress (PS),
exercise combined with emotional stress (EXES), exercise combined with
physical stress (EXPS) and control.

This study was approved by local university ethic committee and was
performed according to protection and ethical rules for animal studies in
Shiraz University as well as the "Principles of laboratory animal care"
(26) were followed.

Exercise program

Rats performed aerobic EX on treadmill for one session (acute) or two
weeks (chronic). Before the main EX performance, all rats were placed
on the treadmill for 10 min during the first week to reduce the novelty-
induced stress. During the first day of the second week an incremental
test was performed on the rodent treadmill to determine the physical EX
intensity which was applicable in the training period. The indirect
measurement of oxygen uptake (VO2) peak was measured as
recommended by Brooks and White (1978)(27). Each rat could run for
about 23 min on the treadmill at a low-speed and then the speed was
increased to 5 m/min every 3 minutes until the rats were exhausted (i.e.,
could not continue running). The time to exhaustion (in minutes) and
workload (expressed by velocity in m/min) were recorded as indices of
EX capacity, and for estimating VO2 peak.

The EX intensity was controlled according to this index. From the
second day, all rats performed aerobic EX 50 min/day 5day/week by the
intensity of 60-75% of the maximum oxygen uptake. Each EX session
initiated with a 10 min-long warm-up (gradual increasing of speed)
followed by 30 min EX at intensity of 60-75% of the maximum oxygen



Acute and chronic stress and BDNF 69

consumption. During the last 10 min of each session the speed reduced
gradually for cool down.

The EX performed between 9:00 to 12:00 AM. Neither electrical shock
nor physical prodding was used in EX sessions and by tapping on the
back of animals they were encouraged to continue running in the case of
refusal. Not being able to run was a criteria for exclusion of rats. The
sedentary rats were kept in the similar running and shocking room on
the still treadmill or stress box but they did not perform EX or receive
any shock [adapted from Scopel et al., 2006 (28)].

Stress protocol

The rats were exposed to acute (one day) or chronic stress (2 weeks)
mental or physical stress during 9 to 12 am. We used a 50 x 25 x 25 cm
acrylic box which was divided into several rooms and rooms were
equipped with electrical shock intermittently. In the electrical shock
rooms, the physical stress group of rats received a 0.5 mA, 1-seconds foot
shock every 30 seconds during 10 min , five times a week during one
session per day for two weeks. No apparent tissue damage occurred in
the footpads of shocked rats. The ES groups just could see the physical
stress group but they did not receive any electrical shock.

The combined stress and EX groups performed running and received one
kind of stresses at 9:00 to 12 am. Stressed was administered immediately
after running on treadmill.

Sampling procedures

Regarding that blood BDNF reflect the brain tissue BDNF in rats (12),
BDNF was measured through blood sampling. Blood samples(2 ml)
were taken from ventral caudal artery of lightly etherized rats
immediately after the first main treat treatment and 12 hours following
the last session of treatment(after two weeks). The blood samples were
centrifuged for 10 min (3500 rev) and were kept in -20 °C. BDNF levels
were determined by enzyme linked immunosorbent assay (ELISA) using
Rat BDNF ELISA kit(made in Germany) according to related
recommendations.
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Statistical analysis

Data were evaluated by one way analysis of variance (ANOVA), and in
the case of significant findings followed by Bonferroni test. The results
expressed as the mean 4 standard deviation. The significant level was
set as P<0.05. Statistical analysis was performed using the Statistical
Package for social Science (SPSS) version 20.0.

Results
The BDNF descriptions (mean, SD, maximum and minimum) after the

first session (acute response) and after 2 weeks (chronic) are presented in
tables 1 and 2.

One way ANOVA test indicated a significant difference between study
groups in BDNF following the one session of EX (F=4.468, P=0.002)
(table 1). Bonferroni test indicated a significant difference between EX
compared to ES (P= 0.004), EX compared to PS (P= 0.023), EX
compared to control (P=0.018) groups. There was no significant
difference in other paired group comparisons (P>0.05). We found that
one session of EX increased BDNF compared to non-EX groups.

Table 1. Between groups comparison of Plasma BDNF (pg/ml) after acute experiments.

groups number Mean + SD F P
EX* 12 14.764+ 1.61 4.468 0.002
ES 15 8.75+ 2.13

PS 15 10.344- 2.51

EXPS 13 12.88+ 1.70

EXES 11 12.044- 2.18

Control 15 10.004 2.82

*significant difference (P<0.05) compared to ES, PS and control

Comparison of BDNF between study groups following two weeks of
study periods , using one way ANOVA test indicated a significant
between group difference(F= 22.61, P=0.001) (table 2). Paired group
comparisons using Bonferroni follow up test indicated a significant
difference in EX compared to ES (P=0.001), ES compared to PS
(P=0.003), ES compared to EXES (P=0.001), ES compared to EXPS
(P=0.001), ES compared to control (P=0.002) groups. We found that
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ES per se reduced BDNF compared to non-ES groups. But when ES
combined with EX, in EXES group, increased BDNF.

Table 2. Between groups comparison of Plasma BDNF(pg/ml) after chronic experiments.

groups Number Mean + SD F P
EX 10 13.37+ 1.09 22.63 0.001
ES* 13 7.39+ 1.55

PS 14 11.544+ 1.32

EXPS 12 15.034- 0.86

EXES 10 15.76+ 0.47

Control 13 11.01+ 1.35

*significant difference (P<<0.05) compared to EX, PS, EXPS and EXES

4. Discussion

There are different types of stress which can cause various effects. EX or
physical activity is a kind of stress, which is recommended for reducing
mental stress meanwhile athletes confront EX and mental stresses. So,
evaluating the influence of different acute and chronic stresses,
separately or in combination, on physiological responses, including
BDNF is important which was studied in the present research. We found
that one session of EX increased BDNF compared to non-EX groups,
but following two weeks, chronic ES per se reduced BDNF compared to
non-ES groups. But when ES combined with EX in EXES group caused
increasing of BDNF.

Some other study findings (29, 30) confirmed our findings and indicated
that acute aerobic EX increase BDNF. Although, the mode, type,
intensity and duration of exercise were heterogeneous in these studies.
But, Zoladz et al. (2008) reported no effect of one session of EX on
BDNF (31). Regarding chronic EX, Shiffer et al. (2009) confirmed our
findings and found that chronic aerobic EX did not significantly change
BDNF level (32) , while Some studies have indicated that chronic
aerobic or resistance EX can increase BDNF (31,33-35).

Limbic-hypothalamo pituitary-adrenal axis and its related hormones,
including corticotropin-releasing hormone, adrenocorticotropic hormone
and Glucocorticoids has an important role in adaptation to some stresses
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including EX (37). Glucocorticoids can increase the release of excitatory
amino acids (38) which can cause toxicity of hippocampus characterizing
by neural atrophy and significant decrease of cell numbers (39) and may
be related to BDNF changes. BDNF and its receptor TrkB play an
important role during stress injury and elevation of BDNF mRNA and
TrkB mRNA has been observed following acute injuries such as cerebral
trauma (40). According to the most of studies chronic and repeated
stress, decrease expression of BDNF. BDNF mRNA increased in
pituitary glands if stress induced for 60 min and decreased following
stress for 180 to 300 min (41). BDNF, directly or indirectly may
contribute to stress protection and if the chronic neural damage occur
(42), it can cause the reduction of BDNF. In the present study acute EX
caused significant increase of BDNF, while two weeks of EX caused no
significant influence on BDNF. Probably this period of time was not
sufficient to induce any significant effect or some neural adaptations
have occurred.

However, regarding emotional and physical stress we found different
findings compared to the EX. We found that chronic ES caused
significant reduction of BDNF, but while it was combined with the EX,
caused increasing of BDNF. Two conclusions can be obtained by this
finding: 1- chronic ES can cause degeneration of neural cells and 2- EX
by different mechanisms from ES has a neural protective effect. Some
previous studies have confirmed our findings and indicated that stressful
conditions reduce BDNF expression (43, 24). In adult male rats, chronic
application of foot shock caused decreased of BDNF (44), while acute
foot shock increased BDNF in hippocampus of female but not male rats
(45). Molteni et al. (2004) reported that EX reverse the reduction in
BDNF in especial situations (46). Possible biological mechanism is that,
EX may oppose the harmful effect of stress on neural plasticity and as a
result BDNF production. Although, some studies have indicated that EX
counteract down regulation of BDNF as a result of stress (47), but the
exact related physiological mechanism is not clear yet. Kavushansky et
al (2009) suggested that psychophysical stress (electric foot shock) differs
from psychosocial (social defeat) stress in the expression of plasticity
related genes (neural pathways) in the rat (48). It has been indicated
that social stress causes down regulation of BDNF transcripts through
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increasing the dimethylation levels of histone H3 lysine 27(H3K27me2)
at the corresponding BDNF promoters (49). There are also some
evidences that specific stresses may cause specific responses which may
be related to activating different brain systems (50).

One limitation of this study was not measuring of hippocampus BDNF,
and because the probable influence of other sources of BDNF in different
stressful conditions is not clear, measurement of influences of different
kinds of stresses on hippocampus as well as peripheral BDNF is
recommended for future studies.

5. Conclusion

In conclusion , our findings suggest that in short time EX is the most
important provoker stress for increasing BDNF, but in long time ES is
the most important reducing stress for BDNF and when chronic EX
combined with ES the response of BDNF is revered and cause increasing
of BDNF. So, EX probably could be a suitable treatment to enhance
brain capability to deal with stressful conditions. However, since
controlling of environmental stress in human subjects was almost
impossible, this study was conducted on rats, and also regarding the
mentioned limitations of this study, application of the present findings in
human subjects needs more clarifications by future studies.

Conflict of interests: There was no conflict of interest among authors.

References

1. Poo MM. Neurotrophins as synaptic modulators. Nat Rev Neurosci
2001; 2: 24-32.

2. Cassiman D, Denef C, Desmet VJ, Roskams T. Human and rat
hepatic stellate cells express neurotrophins and neurotrophin
receptors. Hepatology 2001; 33: 148-158.

3. Sornelli F, Fiore M, Chaldakov GN, Aloe L. Adipose tissue-derived
nerve growth factor and brain-derived neurotrophic factor: results
from experimental stress and diabetes. Gen Physiol Biophys 2009; 28:
179-183.



74 S. Ghanbari Ghooshchi and M. Koushkie Jahromi

4. Wisse BE, Schwartz MW. The skinny on neurotrophins. Nature Nat
Neurosci 2003; 6: 655-656.

5. Pedersen BK, Pedersen M, Krabbe KS, Bruunsgaard H, Matthews
VB, Febbraio MA. Role of exercise-induced brain-derived
neurotrophic factor production in the regulation of energy
homeostasis in mammals. Exp Physiol 2009; 94: 1153-1160.

6. Zagrebelsky M, Korte M. Form follows function: BDNF and its
involvement in sculpting the function and structure of synapses.
Neuropharmacology 2014; 76: 628-638.

7. Noble EE, Billington CJ, Kotz CM, Wang C. The lighter side of
BDNF. Am J Physiol Regul Integr Comp Physiol 2011; 300: R1053-
R1069.

8. Lommatzsch M, Zingler D, Schuhbaeck K, Schloetcke K, Zingler C,
Schuff-Werner P, et al. The impact of age, weight and gender on
BDNF levels in human platelets and plasma. Neurobiol Aging 2005;
26: 115-123.

9. Huang T, Larsen KT, Ried-Larsen M, Mgller NC, Andersen LB. The
effects of physical activity and exercise on brain-derived neurotrophic
factor in healthy humans: A review. Scand J Med Sci Sports 2014; 24:
1-10.

10. Mitoma M, Yoshimura R, Sugita A, Umene W, Hori H, Nakano H,
et al. Stress at work alters serum brain-derived neurotrophic factor
(BDNF) levels and plasma 3-methoxy-4-hydroxyphenylglycol
(MHPG) levels in healthy volunteers: BDNF and MHPG as possible
biological markers of mental stress? Prog Neuropsychopharmacol
Biol Psychiatry 2008; 32: 679-685.

11. Karege F, Schwald M, Cisse M. Postnatal developmental profile of
brain-derived neurotrophic factor in rat brain and platelets. Neurosci
Lett 2002; 328: 261-264.

12. Klein AB, Williamson R, Santini MA, Clemmensen C, Ettrup A,
Rios M, et al. Blood BDNF concentrations reflect brain-tissue
BDNF levels across species. Int J Neuropsychopharmacol 2011; 14:
347-53.



13.

14.

15.

16.

17.

18.

19.

20.

21

22.

Acute and chronic stress and BDNF 75

Wei M, Gibbons LW, Kampert JB, Nichaman MZ, Blair SN. Low
cardiorespiratory fitness and physical inactivity as predictors of
mortality in men with type 2 diabetes. Ann Intern Med 2000; 132,
605-611.

Lautenschlager NT, Cox KL, Flicker L, Foster JK, van Bockxmeer
FM, Xiao J, et al. Effect of physical activity on cognitive function in
older adults at risk for Alzheimer disease: a randomized trial. JAMA
2008; 300: 1027-1037.

Markser VZ. Sport psychiatry and psychotherapy. Mental strains
and disorders in professional sports. Challenge and answer to
societal changes. Eur Arch Psychiatry Clin Neurosci 2011; 261: 182-
185.

Salmon P. Effects of physical exercise on anxiety, depression, and
sensitivity to stress: a unifying theory. Clin Psychol Rev 2001; 21:
33-61.

McEwen BS. Physiology and neurobiology of stress and adaptation:
central role of the brain. Physiol Rev 2007; 87: 873-904.

Stults-Kolehmainen M A, Bartholomew JB, Sinha R. Chronic
psychological stress impairs recovery of muscular function and
somatic sensations over a 96-hour period. J Strength Cond Res 2014;
28: 2007-2017.

Bartholomew JB, Stults-Kolehmainen MA, Elrod CC, Todd JS.
Strength gains after resistance training: the effect of stressful,
negative life events. J Strength Cond Res 2008; 22: 1215-1221.

Stranahan AM, Khalil D, Gould E. Social isolation delays the
positive effects of running on adult neurogenesis. Nat Neurosci 2006;
9: 526-533.

. Wilcox S, King AC. The effects of life events and interpersonal loss

on exercise adherence in older adults. J Aging Phys Act 2004; 12:
117-130.

Hackney AC. Stress and the neuroendocrine system: the role of
exercise as a stressor and modifier of stress. Expert Rev Clin
Immunol 2006; 1: 783-792.



76

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

S. Ghanbari Ghooshchi and M. Koushkie Jahromi

Stults-Kolehmainen M A, Sinha R. The effects of stress on physical
activity and exercise. Sports Med 2014; 44: 81-121.

Bath KG, Schilit A, Lee FS. Stress effects on BDNF expression:
effects of age, sex, and form of stress. Neuroscience 2013; 239: 149-
156.

Teraci A, Mallei A, Musazzi L, Popoli M. Physical exercise and acute
restraint stress differentially modulate hippocampal brain-derived
neurotrophic factor transcripts and epigenetic mechanisms in mice.
Hippocampus 2015; 25: 1380-1392.

US Department of Health and Human Services. NIH Publication No.
86-23, (revised 1985). National Institutes of Health, Bethesda, MD,
USA.

Brooks GA, White TP. Determination of metabolic and heart rate
responses of rats to treadmill exercise. J Appl Physiol 1978; 45:
1009-1015.

Scopel D, Fochesatto C, Cimarosti H, Rabbo M, Bell6-Klein A,
Salbego C, et al. Exercise intensity influences cell injury in rat
hippocampal slices exposed to oxygen and glucose deprivation. Brain
Res Bull 2006; 71: 155-159.

Nofuji Y, Suwa M, Sasaki H, Ichimiya A, Nishichi R, Kumagai S.
Different Circulating Brain-Derived Neurotrophic Factor responses
to acute exercise between physically active and sedentary subjects. J
Sports Sci Med 2012; 11: 83-88.

Heyman E, Gamelin FX, Goekint M, Piscitelli F, Roelands B, Leclair
E, et al. Intense exercise increases circulating endocannabinoid and
BDNF levels in humans possible implications for reward and
depression. Psychoneuroendocrinology 2012; 37: 844-851.

Zoladz JA, Pile A, Majerczak J, Grandys M, Zapart-Bukowska J,
Duda K. Endurance training increases plasma brain-derived

neurotrophic factor concentration in young healthy men. J Physiol
Pharmacol 2008; 59: 119-132.

Schiffer T, Schulte S, Hollmann W, Bloch W, Striider HK. Effects of
strength and endurance training on brain-derived neurotrophic



33.

34.

35.

37.

38.

39.

40.

41.

42.

Acute and chronic stress and BDNF 77

factor and insulin-like growth factor 1 in humans. Horm Metab Res
2009; 41: 250-254.

Rasmussen P, Brassard P, Adser H, Pedersen MV, Leick L, Hart E,
et al. Evidence for a release of brain-derived neurotrophic factor
from the brain during exercise. Exp Physiol 2009; 94: 1062-1069.

Ruscheweyh R, Willemer C, Kriiger K, Duning T, Warnecke T,
Sommer J, et al. Physical activity and memory functions: an
interventional study. Neurobiol Aging 2011; 32: 1304-1319.

Suijo K, Inoue S, Ohya Y, Odagiri Y, Takamiya T, Ishibashi H, et
al. Resistance exercise enhances cognitive function in mouse. Int J
Sports Med 2013; 34: 368-375.

Korte SM. Corticosteroids in relation to fear, anxiety and
psychopathology. Neurosci Biobehav Rev2001; 25: 117-142.

Powers SK, Locke M, Demirel HA. Exercise, heat shock proteins,
and myocardial protection from I-R injury. Med Sci Sports Exerc
2001; 33: 386-392.

Sousa N, Lukoyanov NV, Madeira MD, Almeida OF, Paula-Barbosa
MM. Reorganization of the morphology of hippocampal neurites and
synapses after stress-induced damage correlates with behavioral
improvement. Neuroscience 2000; 97: 253-266.

Tsukinoki K, Saruta J, Sasaguri K, Miyoshi Y, Jinbu Y, Kusama M,
et al. Immobilization stress induces BDNF in rat submandibular
glands. J Dent Res 2006; 85: 844-848.

Fujihara H, Sei H, Morita Y, Ueta Y, Morita K. Short-term sleep
disturbance enhances brain-derived neurotrophic factor gene

expression in rat hippocampus by acting as internal stressor. J Mol
Neurosci 2003; 21: 223-231.

Murakami S, Imbe H, Morikawa Y, Kubo C, Senba E. Chronic
stress, as well as acute stress, reduces BDNF mRNA expression in

the rat hippocampus but less robustly. Neurosci Res 2005; 53: 129-
139.



78

43.

44.

45.

46.

47.

48.

49.

20.

S. Ghanbari Ghooshchi and M. Koushkie Jahromi

Duman RS, Monteggia LM. A neurotrophic model for stress-related
mood disorders. Biol Psychiatry 2006; 59: 1116-1127.

Rasmusson AM, Shi L, Duman R. Downregulation of BDNF mRNA
in the hippocampal dentate gyrus after re-exposure to cues
previously associated with footshock. Neuropsychopharmacology
2002; 27: 133-142.

Lin Y, Ter Horst GJ, Wichmann R, Bakker P, Liu A, Li X, et al.
Sex differences in the effects of acute and chronic stress and
recovery after long-term stress on stress-related brain regions of rats.
Cereb Cortex 2009; 19: 1978-1989.

Molteni R, Wu A, Vaynman S, Ying Z, Barnard RJ, Gémez-Pinilla
F. Exercise reverses the harmful effects of consumption of a high-fat
diet on synaptic and behavioral plasticity associated to the action of
brain-derived neurotrophic factor. Neuroscience 2004; 123: 429-440.

Kwon DH, Kim BS, Chang H, Kim YI, Jo SA, Leem YH. Exercise
ameliorates cognition impairment due to restraint stress-induced
oxidative insult and reduced BDNF level. Biochem Biophys Res
Commun 2013;434: 245-251.

Kavushansky A, Ben-Shachar D, Richter-Levin G, Klein E. Physical
stress differs from psychosocial stress in the pattern and time-course
of behavioral responses, serum corticosterone and expression of
plasticity-related genes in the rat. Stress 2009; 12: 412-425.

Tsankova NM, Berton O, Renthal W, Kumar A, Neve RL, Nestler
EJ. Sustained hippocampal chromatin regulation in a mouse model

of depression and antidepressant action. Nat Neurosci 2006; 9: 519-
525.

Pacdk K, Palkovits M. Stressor specificity of central neuroendocrine
responses: implications for stress-related disorders. Endocr Rev 2001;
22: 502-548.



