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Highlights

® Six-week chronic unpredictable mild stress is sufficient to caused the depressive-like behavior in
Wistar rats.

® Melatonin produces a rapid antidepressant effect in Wistar rats.

® The sustained antidepressant effect of melatonin in rats is demonstrated by behavioral test.

® |ow-dose daytime melatonin administration will ameliorate depressed behaviors and cognitive

function in CUS models.

Abstract

The present study was aimed at evaluating the rapidity and duration of melatonin as an
antidepressant in a rat model of depression. The rats were subjected to a six-week period
of unpredictable mild stress followed by melatonin treatment. Three groups of rats were
included in this study: Controls (CON — no stress exposure), Chronic Unpredictable Mild
Stress (CUS) and CUS followed by melatonin (MT). Stressors consisted of exposure to
rotation on a shaker, placement in a chamber maintained at 4°C, lights off for 3h, lights on
overnight, exposure to an aversive odor, 45° tilted cages, food and water deprivation and
crowding and isolated housing. Subsequently, the saline vehicle (CUS) or melatonin was
administered at a dose of 10mg/kg for 14 days period. Body weight and behavioral tests

were used to evaluate depression-like behavior and its recovery following melatonin



treatment.

While body weight increases were significantly lower in rats exposed to CUS versus
CON, body weights of the MT group increased significantly following melatonin
treatment as compared with the CUS group. With regard to results obtained with
behavioral assays indicative of depression, rapid and long-term functional recoveries in
depression were observed in the MT as compared to the CUS group.

The results indicate that not only does melatonin induce an antidepressant-like action
within this rat model of depression, but does so with a rapid onset and prolonged efficacy.
As most current treatments for depression require an extended period of administration,
our current results suggest that melatonin may prove to be a particularly effect agent to
promote a rapid onset and prolonged behavioral benefits in the treatment of depression.
Key words

Melatonin; Depression; Behavior Test; Rats

1. Introduction

Depression affects millions of people and is one of the leading causes of disability
worldwide. It has been reported that depression is strongly associated with major
disruptions in circadian rhythms [1], although the underlied mechanisms remain unclear.
Moreover, stress plays a key role in depression [2,3]. As a result, a depression model can

be established in rats subjected to chronic unpredictable mild stress (CUS) [4].



In recent years, there has been a dramatic increase in the prescription of antidepressants
that act by interacting with the serotonin and norepinepherine neurotransmitter systems.
Unfortunately, such treatments are limited in their efficacy because their therapeutic
benefits take several weeks before setting in and they are only effective in approximately
one third of depressed patients [5]. Beyond that, antidepressant drugs are often associated
with extrapyramidal side effects, such as increase the body weight, electrocardiac
changes, hyperglycemia, hyperlipidemia and other adverse reactions [6]. Thus, there
exists an urgent need for antidepressants with better efficacy and reduced side effects.
Melatonin is the main biologically active substance secreted by the pineal gland, an organ
long considered as a vestigial structure isolated in 1958. Subsequent investigations have
revealed that melatonin is the mediator of photoperiodic information to the central
nervous system in vertebrates and allows a central circadian regulation of numerous
physiological homeostatic processes, including circadian rhythms, sleep, and mood [7,8].
Although the exact role of melatonin in pathogenesis of depression is uncertain, it has
been reported that decreased nocturnal melatonin levels are found both in animal models
of depression as well as in depressed patients [9,10]. A deficiency in melatonin is
associated with a predisposition for melancholic depression characterized by
psychopathological and neurobiological disturbances, including anhedonia, agitation,
sleeping disturbances, circadian fluctuations in mood, weight loss, and increases in
monoamine oxidase activity and plasma cortisol levels [11].

Findings from both clinical and epidemiological studies suggest a strong association



between melatonin and depression, and melatonin-related drugs have been shown to be
effective in the treatment of depression as indicated in several clinical studies [12].
Moreover, results from preclinical studies have indicated that the combination of
antidepressants (imipramine or buspirone) with melatonin serving as a particularly
effective strategy for the treatment of depression [13,14]. Based upon studies using
preclinical antidepressant behavior-based assays, it has been revealed that the melatonin
receptors, MT1 and MT2, are important targets for the development of novel
antidepressants [15,16]. Further support for this belief was provided from research
demonstrating that rapid MT2 receptor desensitization Kkinetics could facilitate
melatonin-mediated antidepressant-like effects following treatment with an MTi/MT:2
receptor agonist [17].

Although these antidepressant effects of melatonin have been clearly demonstrated in
animal models, as well as in humans with depression [18,19,20], the time course of these
effects remain to be established. Specifically, the onset and duration of melatonin’s
effects upon depression remain unclear. These represent important issues with regard to
the use of melatonin in the treatment of depression. Therefore, the present study was
designed with two goals: (1) to determine the onset of melatonin’s effects upon
depression as assessed after a relatively short-term two-week administration period and

(2) to determine the duration of melatonin’s effects in a CUS model of depression.

2. Materials and methods



2.1 Animals

Thirty male Wistar rats (2 months, body weights = 200-250 g) were obtained from the
animal center of Weifang Medical University, China and were group-caged under
controlled conditions of lighting (lights on: 07:00-19:00h) and temperature (25 + 2°C)
with food and water available ad libitum. Rats were allowed to acclimate to these
laboratory conditions for seven days prior to use in the experiment. The study was
approved by the Institutional Animal Care Committee of Weifang Medical University.
Rats were randomly divided into three groups (N = 10/group): Controls (CON), Chronic
Unpredicted Stress (CUS), and CUS treated with melatonin (MT). Animals were
subjected to CUS for a 6-week period followed by a 2-week period of melatonin
administration and euthanized after completion of all behavioral tests.

2.2 Animal model of depression

With the exception of the CON group, rats in the CUS and MT groups were subjected to
chronic unpredictable mild stress. A total of 10 different stressors was used (rotation on a
shaker, placement in an ambient chamber maintained at 4°C, lights off for 3h, lights on
overnight, exposure to an aversive odor, 45° tilted cages, food and water deprivation,
crowding and isolation housing). On each day, rats were exposed to two types of stressors
that were randomly administered and were of a three-hour duration. There was a
minimum four-hour period between the two stressors administered.

2.3 Drugs and treatments

The melatonin was manufacturer by the Kang Long Group Corp. (POMONA CA91766



USA). Melatonin(10mg/kg, i.g.) was freshly prepared each day and dissolved in a
minimum volume of sterilized saline solution (0.9% NaCl). The melatonin was wrapped
to prevent light-induced degradation [16]. The final volume of ethanol in vehicles was

less than 1%.The basic design (time course) of this experiment as follows, Figure 1.

(Insert Figure 1 here)

2.4 Methods of behavioral assessments

2.4.1 Body weight

For evaluation of long-term effects of melatonin administration on weight gain, the body
weight at 0 month was taken as the baseline of 100%. Body weights were recorded at the
initiation of the experiment and then weekly throughout the duration of the experiment.
2.4.2 Sucrose Preference Test

Rats were individually housed for 3 days prior to the onset of the test. They were
permitted a 3-day training period to familiarize them with consuming water from two
bottles. During this 3-day training period, the two bottles containing water were replaced
for 1 h a day with two bottles filled with a 2% (w/v) sucrose solution. Forty-eight hours
later the rats were tested for their ability to discriminate and select between the two
bottles, one containing water and the other the sucrose solution. To avoid conditioned
place preference learning, the position of the bottles was altered at the middle of the light

and dark phases. Bottles were weighed at the onset of the light and dark phases in order



to measure the amount of sucrose water consumed.

2.4.3 Elevated plus maze Test (EPM)

The EPM apparatus consisted of a plus-shaped maze elevated 60 cm above the floor. Two
opposite arms (42x14.5 cm for each arm) were enclosed with walls (22.5 cm), while the
other two arms were open. Rats were placed in a central square and allowed to freely
explore the maze for 5 minutes. Behaviors recorded included mobility distance and the
time spent and entries in the open arms (non-anxiety state) of the maze. Data were
analyzed using the SMART video tracking system.

2.4.4 Open Field Test (OFT)

Rats were placed at the corner of a white-painted open field arena (100 x 100 x 40 cm).
The arena was divided by transverse lines into 25 equal squares. Each rat was placed in
the same corner of the arena facing in the same direction and was allowed to freely
explore the arena for 5 minutes. When both hind limbs entered a square, a crossing was
recorded. Locomotor and exploratory activity were evaluated by counting the number of
line crossings and rearing events. The sessions were recorded with a digital video camera.
Mobility distance, the number of boundaries traversed and time spent in the center were
analyzed using the SMART video tracking system.

2.4.5 Forced Swim Test (FST)

Thirty-six hours after the last injection, rats were habituated to the FST testing room for
30 min prior to the onset of the test. Rats were subjected to a pre-swim before the final

test session by placing them into cylinders containing a depth of 30 cm of clean tap water



at 22°C for 15 min to induce a state of behavioral despair. The testing area was dimly
illuminated to reduce stress or anxiety. The sessions were videotaped for subsequent
analysis. Rats were forced swimming for total 6 min (the same conditions as pre-swim),
the cumulative immobility time was recorded during the last 4 min of the test by a trained
observer who was unaware of the rat’s treatment condition [16]. After testing, each rat
was gently dried, placed in a preheated holding cage with normal bedding, and covered
by an absorbent paper towel for 30 min. Subsequently, rats were returned to their home
cages.

2.4.6 Water Maze Test (WMT)

The water maze (Morris) consists of a pool of water diameter: 1.55 m, 50-cm high rim.
For first task a 12x12-cm escape platform is hidden at one of four quadrants (E, S, W, and
N) in the pool with the top surface 2-3 cm below the water level. In this way the platform
is not visible to the performing rat. Rats were trained to locate the platform at different
locations for 5 consecutive days. On day 6, the original platform was removed and the
quadrant that had contained the platform was defined as the target quadrant. The actual
path of the rat and the time of escape latency is recorded using the SMART video
tracking system.

2.5 Statistical analysis

All data were expressed as mean + standard error of the mean (SEM), and performed
using the statistical software package SPSS18.0. Specifically, student-t (two-tailed) test

was used for comparison of body weight and FST results between groups, while one-way



analysis of variance (ANOVA) was used for comparison of SPT, EPMT, OFT and WMT
results. The difference between groups was considered statistically significant when
P-value was less than 0.05.

3. Results

3.1 Weight changes

Reductions in body weight increases represent a major symptom of depression in the
CUS model. Both the CUS and MT groups showed significantly decreased growth over
the initial six-week stress exposure period (Mean ==SEM in gm: CON=375%24.9,
MT=253£17.8, CUS=265%18.6, P<0.05). However, by the sixth week of melatonin
treatment, body weights of the MT group started to increase and were now significantly
greater than that of the CUS rats (MT=342+12.5, CUS=263+15.2, P<0.05). When
expressed as the percent of weight gained, similar gains in body weight were observed

between the MT and CUS animals.

(Insert Figure 2 here)

3.2 Behavioral test results

3.2.1 Sucrose Preference Test (SPT)

Anhedonia, a major symptom of depression, was evaluated using the sucrose preference
test. Exposure of rats to the six-week stress regime was successful in eliciting an

anhedonia-like condition as demonstrated by significantly lower Percent Sucrose Uptake



scores within the MT and CUS rats as compared to CON (F1, 28=6.37, P=0.018). On day
64 of melatonin treatment, the Percent Sucrose Uptake scores of the MT group were

significantly increased as compared to CUS group (F1, 18=6.07, P=0.021).

(Insert Figure 3 here)

3.2.2 Elevated Plus Maze (EPM) Test

In the elevated plus maze test, the number of entries into, and durations of time spent
within, the open arms of the maze are negatively correlated with anxiety in rats. When
tested after six-weeks of the stress regime, both the MT and CUS groups showed
significantly lower ratios of entry into the open arm as compared with CON (F1, 28 = 6.52,
P=0.012). These results indicate that a higher level of anxiety was present within these
two groups of stressed rats. On day 113 (8 weeks after melatonin treatment), rats in the
MT group showed significantly more entries, and longer durations within the open arms
as compared with their scores at six weeks (F1,9 = 5.52, P=0.027). In contrast, the CUS
group failed to show any significant changes between these two time periods ( P = 0.062).
Such reductions in anxiety scores with melatonin suggest an antidepressant effect of this

treatment.

(Insert Figure 4 here)



3.2.3 Open Field Test (OFT)

Spontaneous motor activity in the open field test also provides an index of
anxiety/depression that can be present in rats subjected to stress. With this test, reductions
in carding and crossing numbers indicate higher levels of anxiety/depression. Carding
numbers at six weeks were significantly decreased in the MT and CUS groups as
compared with CON (F1, 28 = 5.826, P= 0.024; Fig. 5a). Crossing numbers of the MT
group at day 113 (8 weeks after melatonin treatment)were significantly higher than those
obtained at six weeks (F1, 9 = 10.526, P= 0.024; Fig. 5b). No statistically significant
differences among the three groups were obtained for the number of upright postures (Fig.

5¢).

(Insert Figure 5 here)

3.2.4 Forced Swim Test (FST)

The forced swim test was also employed to assess the anti-depressant effects of melatonin.
In this test, shorter latencies of immobility indicate higher levels of depression. Following
the six-week period of chronic stress MT and CUS rats showed shorter latencies of
immobility (110.50+5.77 s) as compared with CON (150.50+3.75 s). However, on day 64
(days after melatonin treatment), post-melatonin immobility latencies of the MT group
(170.43+7.56 s) were significantly increased (P<<0.01) as compared with their scores at

six weeks, as well as to that of the CUS rats on day 64 (125+4.82 s). Immobility latency



times of the CUS group failed to increase significantly between six weeks of stress

exposure and day 64, post-saline treatment.

(Insert Figure 6 here)

3.2.5 Water Maze Test (WMT)

As memory can also be affected with depression, we assessed memory function in these
rats with the Water Maze Test. When tested in the water maze test, reductions in escape
latencies and distance traveled to the platform provide an index of memory function.
Within the CON group escape latency and distance traveled decreased over the training
period, indicating that an effective memory process was present. Escape latencies of the
MT and CUS groups were significantly increased in comparison to CON (F1, 28 = 4.326,
P= 0.021). After treatment with melatonin, escape latencies of the MT decreased
significantly compared to CUS group(F1,9 = 5.526, P=0.032)(Table 1).

With regard to distance traveled, the number of entries and the time spent in the target
quadrants by the CON was significantly greater than that of the MT and CUS groups (F1,
28 =5.36, P= 0.026). After melatonin treatment, the MT group demonstrated significantly

more entries into the target quadrants than that of the CUS group (F1, 28 = 6.37, P=0.021).

(Insert Table 1 here)



4 Discussion

4.1 The depression model in rats

Depression is related to many psychiatric conditions, especially stress. Chronic
unpredictable mild stress is widely used in animal studies to create models for
investigating the neurobiological characterizations of psychiatric disorders, like
depression, and the efficacy of drugs for the treatment of these disorders [21]. Our study
demonstrates that a six-week chronic stress regime was sufficient to establish a
depression model in rats as revealed by the results of these behavioral tests,such as stress
exposed rats exhibited reduced weight gain (Figure 2) and a diminished preference for
saccharin (Figure 3) and so on. which are in accordance with previous findings [22].
While a previous study had shown that a four-week exposure to stress did not affect
spatial learning in the WMT [23], we found that a six-week stress regime was effective in
impairing memory in this test (Figure 7).

4.2 Rapidity of antidepressant effects of melatonin

It had been reported that a duration of melatonin administered in low doses was effective
in diminishing behavioral and cognitive changes observed in depressed rats and no
significant side effects [24,25,26]. In the present study we show that a two-week
administration of melatonin can produce a relatively rapid antidepressant effect as
indicated by its capacity to alleviate anhedonia (Figure 3). Melatonin act similar to
agomelatine (melatonin analog) also showed analogous result which induced

comparatively rapid antidepressant effect both in neurogenesis level and behaviour tests



[27]. Such effects were observed by responses within a number of tests, including time
spent in the open arms of the elevated plus maze (Figure 4), increases in the number of
entrances within the center of the open field (Figure 5) and decreases in immobility times
in the forced swim test (Figure 6).

4.3 Duration of antidepressant effects of melatonin

Our current findings are supported by numerous studies which have shown that melatonin
treatment results in long-term behavioral and cognitive changes associated with
antidepression in rats as demonstrated in a variety of paradigms such as sucrose
preference, forced swimming, elevated plus maze, open field and the water maze test as
well as in different models of depression, including learned-helplessness, environmental
stress, chronic mild stress, prenatal restraint stress and transgenic mouse models of
depression [28]. Results obtained from studies utilizing anxiety tests indicated that high
doses of melatonin produced beneficial effects upon long-term exposures to chronic mild
stress [29]. However, in our study involved with testing the effects of lower doses of
melatonin, clear antidepressant effects, which persisted over an eight-week period of drug
administration, were observed in rats as demonstrated in several behavioural test
paradigms. The results testify that melatonin not only can be as an antdepressant, but can
do so over an extended period of time.

4.4 Limitations and future outlooks

Our present results demonstrate that melatonin treatment not only induced a rapid onset,

but also a persistent long-term antidepressant effect in rats, and provide important



referenced value for the clinical treatments in long-term curing or improving
depression-like behaviors by melotonin and melatonin-related drugs. Meanwhile, our
current results show that daytime melatonin administration was sufficient to improvement
depression, although melatonin levels peak during the night phase in rodents as well as
humans [30]. Therefore, future studies will be required to elucidate the mechanisms
underlying this effect, as well as any potential metabolic side effects that may result from
these treatments. And the possibility exists that a nocturnal strategy of melatonin
administration might prove even more beneficial than that achieved during the daytime.
Besides, numerous researches indicate that melatonin, neurogenesis, stress, hippocampal
function are relevant strongly, thus future studies would be of great value in assessing
this relationship among them[31,32,33].

4.5 Conclusion

The present work revealed that melatonin exerts rapid and prolonged antidepressant and
anxiolytic effects within a CUS rat model of depression. The sustained antidepression
effects were demonstrated in a number of test paradigms including sucrose preference,
FST, EPMT, OFT and WMT. Accordingly, the findings presented in this study provide

new insights into the time-course efficacy of the antidepressant effects of melatonin.

Acknowledgements
This work was supported by the Science and Technology Innovation Fund of Weifang

Medical University K1301011, the Research Award Foundation Program of Outstanding



Young Scientist of Shandong Province BS2014YY043, and the Education Teaching
Reform and Research Fund of Weifang Medical University 2015Y024. The content of
review is solely the responsibility of the authors and does not necessarily represent the

official views of the funding agency and institutes.

References

[1] C.A. McClung, Circadian rhythms and mood regulation: insights from pre-clinical models, Eur.
Neuropsychopharmacol. 21( Suppl 4,2011)S683-93.

[2] A. Jelovac, E. Kolshus, D.M. Mcloughlin, Relapse following successful electroconvulsive therapy for
major depression: a meta-analysis, Neuropsychopharmacol. 38(2013)2467-74.

[31 T.M. OConnor, DJ. O'Halloran, F.  Shanahan, The stress response and the
hypothalamic-pituitary-adrenal axis: from molecule to melancholia, Qjm. 93(2000)323-33.

[4] H. Qiao, M.X. Li, C. Xu, H.B. Chen, S.C. An, X.M. Ma, Dendritic Spines in Depression: What We
Learned from Animal Models, Neural Plastic., 2016.

[5] W.E. Craighead, B.W. Dunlop, Combination Psychotherapy and Antidepressant Medication Treatment
for Depression: For Whom, When, and How, Annu. Rev. Psychol., 65(2014)267-300.

[6] C.J. Spindelegger, Cardiovascular Adverse Reactions During Antidepressant Treatment: A Drug
Surveillance Report of German-Speaking Countries Between 1993 and 2010, Int. J.

Neuropsychopharmacolog., 18(2015).


http://xueshu.baidu.com/s?wd=author:(Ana%20Jelovac)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Erik%20Kolshus)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Declan%20M%20McLoughlin)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(O'Connor%20TM)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(O'Halloran%20DJ)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Shanahan%20F)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Qiao%20H)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Li%20MX)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Xu%20C)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Chen%20HB)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(An%20SC)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=paperuri:(160edc214c0bedfe9bd4118c71718e95)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.ncbi.nlm.nih.gov/pubmed/26881133&ie=utf-8&sc_us=10496236697939229705
http://xueshu.baidu.com/s?wd=paperuri:(160edc214c0bedfe9bd4118c71718e95)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.ncbi.nlm.nih.gov/pubmed/26881133&ie=utf-8&sc_us=10496236697939229705
http://xueshu.baidu.com/usercenter/data/journal?cmd=jump&wd=journaluri:(6a14909f4812ce87)%20%E3%80%8ANeural%20Plasticity%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=publish&sort=sc_cited
http://xueshu.baidu.com/s?wd=author:(W.%20Edward%20Craighead)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Boadie%20W.%20Dunlop)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=paperuri:(03516683de2009bb087b9bf1adda59f6)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.annualreviews.org/doi/abs/10.1146/annurev.psych.121208.131653&ie=utf-8&sc_us=10352765443320162162
http://xueshu.baidu.com/s?wd=paperuri:(03516683de2009bb087b9bf1adda59f6)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.annualreviews.org/doi/abs/10.1146/annurev.psych.121208.131653&ie=utf-8&sc_us=10352765443320162162
http://xueshu.baidu.com/usercenter/data/journal?cmd=jump&wd=journaluri:(4b71597d9fde76c5)%20%E3%80%8AAnnual%20Review%20of%20Psychology%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=publish&sort=sc_cited
http://xueshu.baidu.com/s?wd=author:(Christoph%20Josef%20Spindelegger)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://ijnp.oxfordjournals.org/content/18/4/pyu080.article-info
http://ijnp.oxfordjournals.org/content/18/4/pyu080.article-info
http://xueshu.baidu.com/usercenter/data/journal?cmd=jump&wd=journaluri:(e90f6ccd903da428)%20%E3%80%8AInternational%20Journal%20of%20Neuropsychopharmacology%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=publish&sort=sc_cited
http://xueshu.baidu.com/usercenter/data/journal?cmd=jump&wd=journaluri:(e90f6ccd903da428)%20%E3%80%8AInternational%20Journal%20of%20Neuropsychopharmacology%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=publish&sort=sc_cited

[7] M.L. Dubocovich, D. Sugden, D.P. Cardinali, J. Olcese, International Union of Basic and Clinical

Pharmacology. LXXV. Nomenclature, classification, and pharmacology of G protein-coupled melatonin

receptors, Pharmacol. Rev. 62(2010)343-80.

[8] S. Li, X. Zhai, P. Rong, M.F. Mccabe, J. Zhao, H. Ben, X. Wang, S.Wang, Transcutaneous auricular

vagus nerve stimulation triggers melatonin secretion and is antidepressive in Zucker diabetic fatty rats,

PLOS One. 9(2014)e111100.

[9] C. Cai, G. Qian, G. Zhao, X. Peng, X. Liang, Study on regulatory effect of Kaixin San on

endogenousmelatonin biosynthesis in rat depression model, China J. Chin. Mater. Med. 37(2012)1638-41.

[10] B. Claustrat, G. Chazot, J. Brun, D. Jordan, G. Sassolas, A chronobiological study of melatonin and

cortisol secretion in depressed subjects: plasma melatonin, a biochemical marker in major depression, Biol.

Psychiatry. 19(1984)1215-28.

[11] J. Beck-Friis, J.G. Ljunggren, M. Thoren, D. von Rosen, B.F. Kjellman, L. Wetterberg, Melatonin,

cortisol and ACTH in patients with major depressive disorder and healthy humans with special reference to

the outcome of the dexamethasone suppression test, Psychoneuroendocr. 10(1985)173-86.

[12] M. Fava, A.J. Rush, Current status of augmentation and combination treatments for major depressive

disorder: a literature review and a proposal for a novel approach to improve practice, Psychother.

Psychosom. 75(2006)139-53

[13] M. Fava, S.D. Targum, A.A. Nierenberg, L.S. Bleicher, T.A. Carter, P.C. Wedel, R. Hen, F.H. Gage, C.

Barlow, An exploratory study of combination buspirone and melatonin SR in major depressive disorder

(MDD): a possible role for neurogenesis in drug discovery, J. Psychiatr. Res. 46(2012)1553-63.


http://xueshu.baidu.com/s?wd=author:(Dubocovich%20ML(Department%20of%20Pharmacology%20and%20Toxicology,%20School%20of%20Medicine%20and%20Biomedical%20Sciences,%20University%20at%20Buffalo%20State%20University%20of%20New%20York,%203435%20Main%20Street,%20Buffalo,%20NY%2014214,%20USA.))%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Sugden%20D)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Cardinali%20DP)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Olcese%20J)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Li%20S)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Zhai%20X)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Rong%20P)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(McCabe%20MF)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Zhao%20J)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(CAI%20Chuan)%20Medical%20College%20of%20Jinan%20University,Guangzhou%20510632,China&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(QIAN%20Guoqiang)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(ZHAO%20Guoping)%20Medical%20College%20of%20Jinan%20University,Guangzhou%20510632,China&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(PENG%20Xia)%20Medical%20College%20of%20Jinan%20University,Guangzhou%20510632,China&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(LIANG%20Xuebing)%20Medical%20College%20of%20Jinan%20University,Guangzhou%20510632,China&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://en.cnki.com.cn/Journal_en/E-E057-ZGZY-2012-11.htm
http://xueshu.baidu.com/s?wd=author:(Claustrat%20B)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Chazot%20G)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Brun%20J)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Jordan%20D)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Sassolas%20G)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Fava%20M)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Rush%20AJ)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(M%20Fava)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(SD%20Targum)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(AA%20Nierenberg)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person

[14] Y. Ergiin, F.O. Orhan, M.F. Karaaslan, Combination therapy of imipramine and melatonin: additive
antidepressant effect in mouse forced swimming test, Eur. J. Pharmacol. 591(2008)159-63.

[15] J. Liu, Kathleen C. Somera-Molina 1, R.L. Hudson, M.L. Dubocovich, Melatonin potentiates running
wheel-induced neurogenesis in the dentate gyrus of adult C3H/HeN mice hippocampus, J. Pineal Res.
54(2012) 222-31.

[16] G. Ramirezrodriguez, F. Klempin, H. Babu, G. Benitezking, G. Kempermann, Melatonin modulates cell
survival of new neurons in the hippocampus of adult mice, Neuropsychopharmacol. 34(2009)2180-91.

[17] J. Liu, S.J. Clough, A.J. Hutchinson, E.B. Adamah-Biassi, M. Popovska-Gorevski, M.L. Dubocovich,
MT1 and MT2 Melatonin Receptors: A Therapeutic Perspective, Annu. Rev. Pharmacol. Toxicol.
56(2015)361-83.

[18] A. Chandran, A.H. lyo, C.S. Jernigan, B. Legutko, M.C. Austin, B. Karolewicz, Reduced
phosphorylation of the mTOR signaling pathway components in the amygdala of rats exposed to chronic
stress, Prog Neuropsychopharmacol. Biol. Psychiatry. 40(2012)240-245.

[19] L.S. Garcia, C.M. Comim, S.S. Valvassori, G.Z. Réus, A.C. Andreazza, L. Stertz, GR. Fries, E.C.
Gavioli,F. Kapczinski, J. Quevedo, Chronic administration of ketamine elicits antidepressant-like effects in
rats without affecting hippocampal brain-derived neurotrophic factor protein levels, Basic Clin. Pharmacol.
Toxicol. 103(2008)502-6.

[20] L.S.B. Garcia, C.M. Comim, S.S. Valvassori, G.Z. Réus, L.M. Barbosa, A.C. Andreazza, L. Stertz, GR.
Fries, E.C. Gavioli, F. Kapczinski, J. Quevedo, Acute administration of ketamine induces
antidepressant-like effects in the forced swimming test and increases BDNF levels in the rat hippocampus,

Prog. Neuropsychopharmacol. Biol. Psychiatry. 32(2008)140-4.


http://xueshu.baidu.com/s?wd=author:(Yusuf%20Erg%C3%BCn)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Fatma%20%C3%96zlem%20Orhan)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Mehmet%20Fatih%20Karaaslan)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Jiabei%20Liu)%20Department%20of%20Pharmacology%20&%20Toxicology,%20School%20of%20Medicine%20and%20Biomedical%20Sciences,%20University%20at%20Buffalo,%20Buffalo,%20NY,%20USA&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Kathleen%20C.%20Somera-Molina%20%20%20%E2%80%A0)%20Department%20of%20Molecular%20Pharmacology%20and%20Biological%20Chemistry,%20Northwestern%20University%20Feinberg%20School%20of%20Medicine,%20Northwestern%20University,%20Chicago,%20IL,%20USA&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Randall%20L.%20Hudson)%20Department%20of%20Physiology%20and%20Biophysics,%20School%20of%20Medicine%20and%20Biomedical%20Sciences,%20University%20at%20Buffalo,%20Buffalo,%20NY,%20USA&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Margarita%20L.%20Dubocovich)%20Department%20of%20Pharmacology%20&%20Toxicology,%20School%20of%20Medicine%20and%20Biomedical%20Sciences,%20University%20at%20Buffalo,%20Buffalo,%20NY,%20USA%20%20%20%20%20%20%20%20Department%20of%20Molecular%20Pharmacology%20and%20Biological%20Chemistry,%20Northwestern%20University%20Feinberg%20School%20of%20Medicine,%20Northwestern%20University,%20Chicago,%20IL,%20USA&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Ram%C3%ADrezRodr%C3%ADguez%20G)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Klempin%20F)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Babu%20H)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Ben%C3%ADtezKing%20G)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Kempermann%20G)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Jiabei%20Liu)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Shannon%20J%20Clough)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Anthony%20J%20Hutchinson)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Ekue%20B%20Adamah-Biassi)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Marina%20Popovska-Gorevski)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(L%C3%AAda%20S.%20Garcia)%20Laboratory%20of%20Neurosciences,%20Postgraduate%20Program%20in%20Health%20Sciences,%20University%20of%20the%20Far%20South%20Catarinense,%20Criciuma,%20SC,%20Brazil,%20and&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Clarissa%20M.%20Comim)%20Laboratory%20of%20Neurosciences,%20Postgraduate%20Program%20in%20Health%20Sciences,%20University%20of%20the%20Far%20South%20Catarinense,%20Criciuma,%20SC,%20Brazil,%20and&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Samira%20S.%20Valvassori)%20Laboratory%20of%20Neurosciences,%20Postgraduate%20Program%20in%20Health%20Sciences,%20University%20of%20the%20Far%20South%20Catarinense,%20Criciuma,%20SC,%20Brazil,%20and&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Gislaine%20Z.%20R%C3%A9us)%20Laboratory%20of%20Neurosciences,%20Postgraduate%20Program%20in%20Health%20Sciences,%20University%20of%20the%20Far%20South%20Catarinense,%20Criciuma,%20SC,%20Brazil,%20and&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Ana%20Cristina%20Andreazza)%20Bipolar%20Disorders%20Program%20and%20Laboratory%20of%20Molecular%20Psychiatry,%20Federal%20University%20of%20Rio%20Grande%20do%20Sul,%20Porto%20Alegre,%20RS,%20Brazil&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(L%C3%AAda%20S.B.%20Garcia)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Clarissa%20M.%20Comim)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Samira%20S.%20Valvassori)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Gislaine%20Z.%20R%C3%A9us)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Luciana%20M.%20Barbosa)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person

[21] G. Dagyte, P.G. Luiten, T.D. Jager, C. Gabriel, E. Mocaér, J.A. Den Boer, E.A. Van der Zee, Chronic

stress and antidepressant agomelatine induce region-specific changes in synapsin | expression in the rat

brain, J. Neurosci. Res. 89(2011)1646-57.

[22] F. Loiseau, C.L. Bihan, M. Hamon, Effects of melatonin and agomelatine in anxiety-related procedures

in rats: interaction with diazepam, Eur. Neuropsychopharmacol. 16(2006)417-28.

[23] R. Morris, Developments of a water-maze procedure for studying spatial learning in the rat, J.

Neurosci. Methods. 11(1984)47-60.

[24] M. Mantovani, R. Pértile, J.B. Calixto, A.R.S. Santos, A.L.S. Rodrigues, Melatonin exerts an

antidepressant-like effect in the tail suspension test in mice: evidence for involvement of

N-methyl-D-aspartate receptors and the L-arginine-nitric oxide pathway, Neurosci. Lett. 343(2003)1-4.

[25] M. Rondanelli, A. Opizzi, F. Monteferrario, N. Antoniello, R. Manni, C. Klersy. The effect of
melatonin, magnesium, and zinc on primary insomnia in long-term care facility residents in Italy: a
double-blind, placebo-controlled clinical trial. Journal of the American Geriatrics Society.
2011;59(1):82-90.

[26] P. Lemoine, T. Nir, M. Laudon, N. Zisapel. Prolonged-release melatonin improves sleep quality and
morning alertness in insomnia patients aged 55 years and older and has no withdrawal effects. Journal of

sleep research. 2007;16(4):372-80.

[27] A. Yucel, N. Yucel, S. Ozkanlar, E. Polat, A. Kara, H. Ozcan, M. Gulec, Effect of agomelatine on adult

hippocampus  apoptosis and  neurogenesis using the stress model of rats, Acta

Histochemica, 118(2016)299-304.

[28] J. Tchekalarova, S. Moyanova, A.D. Fusco, R.T. Ngomba, The role of the melatoninergic system in

pilepsy and comorbid psychiatric disorders, Brain Res. Bull. 119(2015)80-92.


http://xueshu.baidu.com/s?wd=author:(Girstaute%20Dagyte)%20Department%20of%20Molecular%20Neurobiology,%20University%20of%20Groningen,%20Groningen,%20The%20Netherlands%20%20%20%20%20%20%20%20Department%20of%20Psychiatry,%20University%20of%20Groningen,%20Groningen,%20The%20Netherlands&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Paul%20G.%20Luiten)%20Department%20of%20Molecular%20Neurobiology,%20University%20of%20Groningen,%20Groningen,%20The%20Netherlands%20%20%20%20%20%20%20%20Department%20of%20Psychiatry,%20University%20of%20Groningen,%20Groningen,%20The%20Netherlands&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Tim%20De%20Jager)%20Department%20of%20Molecular%20Neurobiology,%20University%20of%20Groningen,%20Groningen,%20The%20Netherlands&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Cecilia%20Gabriel)%20Institut%20de%20Recherches%20Internationales%20Servier,%20Courbevoie,%20France&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Elisabeth%20Moca%C3%ABr)%20Institut%20de%20Recherches%20Internationales%20Servier,%20Courbevoie,%20France&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Florence%20Loiseau)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Claudine%20Le%20Bihan)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Michel%20Hamon)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Michela%20Mantovani)%20Departamento%20de%20Bioqu%C4%B1&%23x0301;mica,%20Centro%20de%20Ci%C3%AAncias%20Biol%C3%B3gicas,%20Universidade%20Federal%20de%20Santa%20Catarina,%20Florian%C3%B3polis,%20SC%2088040-900,%20Brazil&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Roberto%20P%C3%A9rtile)%20Departamento%20de%20Bioqu%C4%B1&%23x0301;mica,%20Centro%20de%20Ci%C3%AAncias%20Biol%C3%B3gicas,%20Universidade%20Federal%20de%20Santa%20Catarina,%20Florian%C3%B3polis,%20SC%2088040-900,%20Brazil&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Jo%C3%A3o%20B.%20Calixto)%20Departamento%20de%20Farmacologia,%20Centro%20de%20Ci%C3%AAncias%20Biol%C3%B3gicas,%20Universidade%20Federal%20de%20Santa%20Catarina,%20Florian%C3%B3polis,%20SC%2088040-900,%20Brazil&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Adair%20R.S.%20Santos)%20Departamento%20de%20Ci%C3%AAncias%20Fisiol%C3%B3gicas,%20Centro%20de%20Ci%C3%AAncias%20Biol%C3%B3gicas,%20Universidade%20Federal%20de%20Santa%20Catarina,%20Florian%C3%B3polis,%20SC%2088040-900,%20Brazil&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Ana%20L%C3%BAcia%20S.%20Rodrigues)%20Departamento%20de%20Bioqu%C4%B1&%23x0301;mica,%20Centro%20de%20Ci%C3%AAncias%20Biol%C3%B3gicas,%20Universidade%20Federal%20de%20Santa%20Catarina,%20Florian%C3%B3polis,%20SC%2088040-900,%20Brazil&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/usercenter/data/journal?cmd=jump&wd=journaluri:(22b03ece3961ed46)%20%E3%80%8AActa%20Histochemica%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=publish&sort=sc_cited
http://xueshu.baidu.com/usercenter/data/journal?cmd=jump&wd=journaluri:(22b03ece3961ed46)%20%E3%80%8AActa%20Histochemica%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=publish&sort=sc_cited
http://xueshu.baidu.com/s?wd=author:(Jana%20Tchekalarova)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Slavianka%20Moyanova)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Antonio%20De%20Fusco)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Richard%20Teke%20Ngomba)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person

[29] S. Comai, R. Ochoasanchez, S. Dominguezlopez, F.R. Bambico, G. Gobbi, Melancholic-Like

behaviors and circadian neurobiological abnormalities in melatonin MT1 receptor knockout mice, Int. J.

Neuropsychopharmacol. 18 (2015) .

[30] K. Yaga, R.J. Reiter, B.A. Richardson, Tryptophan loading increases daytime serum melatonin levels

in intact and pinealectomized rats, Life Sci. 52(1993)1231-8.

[31] J. Arendt, Melatonin and the pineal gland: influence on mammalian seasonal and circadian physiology,

Rev. Reprod. 3(1998)13-22.

[32] G.M. Goodwin, R Emsley, S Rembry, F Rouillon, Agomelatine prevents relapse in patients with major

depressive disorder without evidence of a discontinuation syndrome: a 24-week randomized, double-blind,

placebo-controlled trial, J. Clin. Psychiatry. 70(2009)1128-37.

[33] V Lorenzetti, N.B. Allen, A Fornito, M Ydcel, Structural brain abnormalities in major depressive

disorder: a selective review of recent MRI studies, J. Affect. Disord. 117(2009)1-17.


http://xueshu.baidu.com/s?wd=author:(Comai%20S)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(OchoaSanchez%20R)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(DominguezLopez%20S)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Bambico%20FR)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Gobbi%20G)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Ken%20Yaga)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Russel%20J.%20Reiter)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Bruce%20A.%20Richardson)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Goodwin%20GM)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Emsley%20R)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Rembry%20S)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Rouillon%20F)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Valentina%20Lorenzetti)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Nicholas%20B%20Allen)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Alex%20Fornito)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Murat%20Y%C3%BCcel)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person

Time course
SPT,EPMT,OFT, SPT,EPMT,OFT, SPT,EPMT,OFT,
WMT,FST WMT,FST FST

| 1 |

w1
| I

| |
42day | 14day 7day 49day
I Placebo of equal amouts of saline I Melatonin injection (10mg/kg, i.g., I Chronic Unpredictable Mild
(0.9% sodium choride) once/day) Stress (CUS)
Short-term melatonin Long-term melatonin
administration administration

Fig. 1. Time course. CON: Control, no stress exposure; CUS: Chronic Unpredictable

Mild Stress; MT: CUS followed by melatonin.
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Fig. 2. Body weight.The final body weights were expressed as the percentage of the body
weights at 0-month (taken as 100%) when the experiment started. The line charts reveal
the effect of chronic melatonin administration on percent of body weight gain in rats.
Data represent as meantSEM. Differences among groups were analyzed using one-way
ANOVA followed by Newman—Keuls comparison test. The gains in body weights of the
CUS and MT groups were significantly lower than that of the CON group during the
initial 6-weeks of stress exposure (P<0.05). A significant increase in body weight was
observed in the MT (P<0.05). * and # indicate statistically significant differences

between and within groups, respectively.



Consumption Percentage

Fig. 3. Sucrose preference test (SPT). Histograms show that the percent of sucrose
consumed by the MT and CUS groups was significantly lower than that obtained with
CON (P<0.05). A significant increase percent of sucrose consumed by the MT group was
observed after the eight week of melatonin administration (P<0.05).* and # indicate

statistically significant differences between and within groups, respectively.



w60 5 25-
- £
3 > 20
) £
2 g 15
< < * *
c c 10-
°%’ § .
£ £ 9
Q (2]
E 2 ol
- -
= o e D Sy i)
w é'bbl gobh «bbl b,\\ b\\ ‘8\'\
o N O &
> O ROEPSERN

Fig. 4. Elevated Plus Maze (EPM) test. The histograms illustrate that the entry times and
entry numbers of the MT group into the open arm of the maze were significantly
increased after melatonin administration (P<0.05). No such significant effects were
obtained with the CUS group. Values were expressed as mean + SEM. * indicates

statistically significant differences between groups.
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Fig. 5. Open field test (OFT). a. The histograms illustrate that a statistically significant
increase in carding number was obtained in the MT group after melatonin administration
(P<0.05). b. The histograms illustrate that a statistically significant increase in cross
numbers was obtained in the MT group after melatonin administration (P<0.05). c. No
statistically significant differences were obtained among the three groups for the display

of upright posture (P>0.05). Data are presented as mean + SEM.
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Fig. 6. Forced Swim Test (FST). Effect of chronic melatonin administration on the
latency to first immobility, in the forced swim test paradigm, of rats after 6 weeks of
stress exposure and inject melatonin on the 8 weeks. Data expressed as mean + SEM. The
histograms illustrate that significantly higher immobility latency times were obtained in
the MT group after melatonin administration as compared with CUS group (P<0.05). *
and # indicate statistically significant differences between and within groups,

respectively.
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Fig. 7. Water Maze Test (WMT). Values are expressed as mean + SEM. * indicates
statistically significant differences among groups; while # indicates statistically

significant differences within a group p < 0.05.



