
-
f
-
.

d
.

i-

n

Pharmacological Research 65 (2012) 74– 80

Contents lists available at SciVerse ScienceDirect

Pharmacological  Research

journa l h o me pa ge: www.elsev ier .com/ locate /yphr s

Green  tea  polyphenols  produce  antidepressant-like  effects  in  adult  mice

Wei-Li  Zhua,∗,1, Hai-Shui  Shia,b,1, Yi-Ming  Weic, Shen-Jun  Wanga,  Cheng-Yu  Suna,
Zeng-Bo  Dinga, Lin  Lua

a National Institute on Drug Dependence, Peking University, 38 Xue Yuan Road, Beijing 100191, China
b Department of Biochemistry and Molecular Biology, Basic Medical College, Hebei Medical University, Shijiazhuang 050017, China
c Department of Basic Medical, Fujian Medical University, Fuzhou 350108, China

a  r  t  i  c  l  e  i n  f  o

Article history:
Received 24 May 2011
Received  in revised form
15  September 2011
Accepted  18 September 2011

Keywords:
Green tea polyphenols

a  b  s  t  r  a  c  t

Recent  studies  have  shown  that  a  higher  consumption  of  green  tea  leads  to  a lower  prevalence  of  depres
sive  symptoms  in  elderly  individuals.  However,  no  studies  have  explored  the  antidepressant-like  effect  o
green  tea  in  preclinical  models  of  depression.  The  aim  of  this  study  was  to  investigate  the  antidepressant
like  effects  and  the  possible  mechanism  of action  of  green  tea  in  widely  used  mouse  models  of  depression
Mice  were  orally  administered  green  tea  polyphenols  (GTP;  5, 10  and  20  mg/kg)  for  7  days  and  assesse
in  the  forced  swimming  test  (FST)  and  tail  suspension  test  (TST)  60 min  after  the  last  GTP  administration
Serum  corticosterone  and  adrenocorticotrophic  hormone  (ACTH)  levels  were  also  determined  immed
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ately  after  the  FST.  Green  tea  polyphenols  significantly  reduced  immobility  in both  the  FST  and  TST  but
did  not  alter  locomotor  activity  in  the  open  field  test,  suggesting  that  GTP  has  antidepressant-like  effects,
and  this  action  did  not  induce  nonspecific  motor  changes  in  mice.  Green  tea  polyphenols  also  reduced
serum  corticosterone  and ACTH  levels  in  mice  exposed  to the  FST.  The  present  study  demonstrated  that
GTP  exerts  antidepressant-like  effects  in  a mouse  behavioral  models  of  depression,  and  the  mechanism
may  involve  inhibition  of  the  hypothalamic–pituitary–adrenal  axis.
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1. Introduction

Major depression is a common psychiatric disorder that affect
17% of individuals worldwide [1]. Depression is estimated to caus
approximately 1 million people to commit suicide each year, caus
ing a major burden on society. Although antidepressants have bee
clinically available for several decades, most of them are not com
pletely effective (only 33% of depressed patients are sensitive to th
first antidepressant medication [2], and are associated with man
serious adverse effects. Recent research has focused on traditiona
herbal medicines for antidepressant drug development. Natura
products, especially plant polyphenols, have attracted progres
sively more attention as supplemental interventions to maintai
health and treat diseases [3,4]. The biological activity of polyphe
nols in neurodegenerative disorders, inflammation, cancer, an
cardiovascular diseases involves the regulation of cell growth an
proliferation, enzyme activity, and the modulation of cellular sig

naling cascades [5,6].

Green  tea (Camelia sinensis) is one of the most popular bev-
erages in the world. Increasing evidence indicates that green tea
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has multiple health benefits, such as the anti-stress, anticancer an
antioxidants effects. Green tea polyphenols (GTP), also referred t
as catechins, representing 30% of the fresh leaf dry weight an
are major constitute of green tea that contribute to its beneficia
effects [7]. The active polyphenols in green tea primarily includ
(−)-epigallocatechin-3-gallate (EGCG), (−)-epigallocatechin (EGC
(−)-epicatechin-3-gallate (ECG), and (−)-epicatechin [8,9]. Increas
ing evidence shows that green tea has multiple health benefits, suc
as the anti-stress [10], anticancer [11,12], antioxidant [13,14] an
neuroprotective effects [15].

A recent clinical trial found that higher consumption o
green tea led to a lower prevalence of depressive symptoms i
elderly Japanese individuals [16]. Furthermore, previous studie
reported that GTP inhibits monoamine oxidase enzyme activity
consequently increasing monoamines levels in glial cells [17
Conventional and newer antidepressants exert their effects pre
dominantly through an increase in the synaptic concentrations o
monoamines, indicating that monoamine systems play an essentia
role in the mechanism of action of antidepressants and the patho
physiology of depression [18–20]. Therefore, we  hypothesized tha
GTP might play a critical role in the treatment of depression.
Stress is well known to be one of the most important fac-
tors responsible for depressive disorders. Maladaptive responses to
stress cause hyperactivity of the hypothalamic–pituitary–adrenal
(HPA)  axis via stimulation of adrenocorticotropic hormone (ACTH)

转载

dx.doi.org/10.1016/j.phrs.2011.09.007
http://www.sciencedirect.com/science/journal/10436618
http://www.elsevier.com/locate/yphrs
mailto:zhu_wl@bjmu.edu.cn
dx.doi.org/10.1016/j.phrs.2011.09.007


gical R

re
fr
si
m
p
p
d
d
ti
a

2

2

v
m
a
th
o
A
a

2

A
S
n
D
C
w
b

2

o
(1
a
fi
a
o

2

ro
th

2

co
p
v
im
m
T
la
tr

2

v
th
o
s
o
ra
D
v
im
m

2

B
c
a
th
iz
g

2

1
a
p
s
s
a
e
E
a
rh
w
e
n

2

2
in

s
s
p
c
w
p
s
b
g

2
O

s
(1
s

中

W.-L. Zhu et al. / Pharmacolo

lease and the subsequent peripheral release of steroids/cortisol
om the adrenal grand [21,22]. Exposure to stress or depres-
on induces neuronal atrophy of the adult hippocampus, which
ay contribute to the molecular changes observed in the patho-

hysiology of depression [23,24]. Based on these findings, the
resent study examined whether oral GTP administration pro-
uces antidepressant-like effects in validated mouse models of
epression. We  also assessed HPA activity by measuring serum cor-
costerone and ACTH levels to clarify the potential mechanism of
ction of GTP.

.  Materials and methods

.1.  Animals

Male ICR mice (weighing 18–22 g upon arrival) were indi-
idually housed under a constant temperature (23 ± 2 ◦C) and
aintained on a 12 h/12 h light/dark cycle with free access to food

nd water. All the procedures were performed in accordance with
e National Institutes of Health Guide for the Care and Use of Lab-

ratory Animals, and the procedures were approved by the Local
nimal Use Committee (LA2010-010). All of the behavioral tests
nd drug administrations were performed during the dark phase.

.2.  Drugs

Green tea polyphenols (purity >98%) were purchased from
o-Jing Science and Technology Development Co., Ltd. (Xi’an,
hanxi Province, China). Venlafaxine (purity >99%), a serotonin and
orepinephrine reuptake inhibitor, was purchased from Chengdu
axi’nan Pharmaceutical Co., Ltd. (Chengdu, Sichuan Province,
hina). Venlafaxine and GTP were freshly dissolved in saline and
ere administered intragastric gavage (0.2 ml/10 g bodyweight)

efore the experiment.

.3.  Extraction of GTP

Polyphenols  were prepared from green tea according to previ-
us method [25]. The fresh green tea leaves were mixed with water
0 g green tea was mixed with 200 mL  water) and then placed into

 sterile beaker at 80 ◦C for 1 h. The mixture was  filtered through a
lter paper. The supernatants were collected. The precipitate was
gain processed at 80 ◦C for 1 h and was filtered. The supernatants
btained were combined and were lyophilized.

.4. Analysis of constituents of GTP

Contents of polyphenols of green tea were determined by fer-
us tartrate colorimetry with the wavelength of 350 nm through
e spectrophotometer.

.5. Forced swim test

The  forced swim test (FST) was similar to a previous proto-
l [26]. Mice were placed in a 20 cm diameter × 35 cm height

lastic cylinder filled to 20 cm with 23–25 ◦C water. The test was
ideotaped, and immobility time was measured. The definition of

mobility was the absence of all movements with the exception of

国科技论文在线
otions required to maintain the animal’s head above the water.
he results are expressed as the time spent immobile during the
st 4 min  of the 6 min  session. Observers were blind to the group
eatment of the mice.

th
a
th
A

esearch 65 (2012) 74– 80 75

.6. Tail suspension test

The tail suspension test (TST) was performed according to a pre-
ious publication [27]. Briefly, mice were suspended 50 cm above
e floor by adhesive tape placed approximately 1 cm from the tip

f the tail. The test was  videotaped, and immobility time was  mea-
ured for 6 min. Immobility was  defined as the absence of any limb
r body movements, with the exception of those caused by respi-
tion, when the mice hung passively and completely motionless.
uring the test, the mice were separated from each other to pre-
ent visual and acoustic associations. The number of seconds spent

mobile was  recorded. Observers were blind to the group treat-
ent of the mice.

.7.  Locomotor activity

Locomotor  activity was  measured using the open field test.
riefly, the apparatus consisted of a 25 cm diameter × 12 cm height
ircular arena divided into six equal squares on the floor of the
rena. Mice were placed individually in the center of the cage, and
e number of crossings to adjacent squares were counted as hor-
ontal locomotor activity for 5 min. Observers were blind to the
roup treatment of the mice.

.8. Serum corticosterone and ACTH measurement

To determine serum corticosterone and ACTH levels in mice,
 mL  of blood was  collected by decapitation bleeding immediately
fter the 6 min  FST. The blood samples were kept at room tem-
erature for 1 h and then centrifuged at 3000 rpm for 10 min. The
erum supernatant fraction was  stored in another tube for the
ubsequent corticosterone and ACTH assays. Serum corticosterone
nd ACTH levels were measured using commercially available
nzyme immunoassay kits (corticosterone ELISA, #2B870; ACTH
LISA, #2B350, Sun Biomedical Technology Co., Ltd., Beijing, China)
ccording to the manufacturer’s instructions. Because diurnal
ythm may induce fluctuations in hormone levels, blood samples
ere collected within the same time window of 4:00–5:00 pm for

ach mouse immediately after the 6 min FST. Data are expressed as
mol/l for corticosterone and pg/mL for ACTH.

.9. Experimental design

.9.1.  Experiment 1: effects of GTP on immobility time in the TST
 mice

In this experiment, mice were used to examine the antidepres-
ant effect of GTP in the TST. Five groups of mice orally received
aline, GTP (5, 10, and 20 mg/kg) or venlafaxine (10 mg/kg) as a
ositive control. The mice received the drugs orally once daily for
onsecutive 7 days. On day 7, 60 min  after the last treatment, mice
ere subjected to TST for 6 min  (n = 9–11 per group). Another inde-
endent five groups of mice were treated with a single dose of
aline, GTP (5, 10, and 20 mg/kg) or venlafaxine (10 mg/kg) 60 min
efore the TST to test the acute effects on immobility (n = 8 per
roup).

.9.2. Experiment 2: effects of GTP on the locomotor activity in
FT  and the immobility in FST in mice

A separate group of mice were divided into five groups:
aline, GTP (5, 10, and 20 mg/kg) or positive reference venlafaxine
0 mg/kg). The mice received the drugs orally once daily for 7 con-

ecutive days. On day 7, 55 min  after the last treatment, crossings in

http://www.paper.edu.cn
e open field test were measured for 5 min, reflecting locomotor
ctivity (n = 10–11 per group). Immediately after the open field test,
e mice were subjected to the FST for 6 min  (n = 10–11 per group).

nother independent five groups of mice were treated with a single
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Fig. 1. Antidepressant effect of GTP in the tail suspension test (TST) in mice. Oral
administration with GTP (10 and 20 mg/kg) and venlafaxine (10 mg/kg) for 7 days
reduced the immobility time (n = 9–11 per group) (A), while single dose of GTP
did  not alter the immobility time (n = 8 per group) (B). Sixty minutes after the last
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dose of saline, GTP (5, 10, and 20 mg/kg) or venlafaxine (10 mg/kg
1 h before the FST to test the acute effects on immobility (n = 8 pe
group). Furthermore, in order to exclude the effect of OFT on th
behavioral responses in FST, we replicated the FST without pre
vious OFT. Five separate groups of mice were treated orally onc
daily for 7 consecutive days with saline, GTP (5, 10, and 20 mg/kg
or venlafaxine (10 mg/kg) 1 h before the FST with no exposure t
the OFT (n = 8 per group).

2.9.3. Experiment 3: effects of GTP on serum corticosterone and
ACTH  levels after exposure to the FST

Immediately after the FST, mice were sacrificed by decapitation
and the blood was collected for assessment of corticosterone an
ACTH concentrations (n = 6 per group).

2.9.4.  Experiment 4: effects of GTP on the normal physiological
state of serum corticosterone and ACTH levels

In order to determine whether GTP can help to maintain th
HPA axis activities at a relatively low level, we performed acut
(1 day) and sub-chronic (7 day) GTP injections and sacrificed th
mice without the forced swim test, and checked if GTP affects th
baseline corticosterone and ACTH levels.

2.10. Data analysis

Data  are expressed as mean ± SEM. The statistical analyses o
the behavioral and biochemical data in control and drug-treate
mice were performed using one-way analysis of variance (ANOVA
followed by Tukey’s post hoc test. Values of p < 0.05 were considere
statistically significant.

3.  Results

3.1. Sub-chronic GTP administration reduced immobility time in
tail suspension test

One-way  ANOVA of the TST data (Fig. 1A) revealed tha
GTP treatment for 7 days at doses of 10 mg/kg (p < 0.05) an
20 mg/kg (p < 0.05) significantly reduced immobility time, but th
5 mg/kg dose had no effects (p > 0.05) on the immobility compare
with saline-treated control mice. The positive control venlafax
ine (10 mg/kg) significantly reduced immobility time in the TS
(p < 0.01) compared with control mice. While the acute treatmen
with a single dose of GTP (5, 10 and 20 mg/kg) had no effects on th
immobility time in the TST (Fig. 1B).

3.2. Sub-chronic GTP treatment decreased immobility time in the
forced swim test

One-way  ANOVA showed that oral treatment with GTP fo
7 days significantly reduced immobility time at doses of 5 mg/k
(p < 0.05), 10 mg/kg (p < 0.05), and 20 mg/kg (p < 0.01) compare
with saline-treated control mice. The positive control venlafaxin
decreased immobility time in the FST at a dose of 10 mg/kg afte
7-day administration (p < 0.05; Fig. 2A). Conversely, the acute treat
ment with a single dose of GTP (5, 10 and 20 mg/kg) had no effect
on the immobility time in the FST (Fig. 2B).

3.3. Sub-chronic treatment with GTP had no effects on the
locomotor activity in the open field test

To exclude the possibility that GTP induces locomotor alter

中国科技论文在线
ations in the FST, we measured the effects of GTP on locomotor
activity 5 min  before the FST. Mice treated with GTP (5, 10, and
20 mg/kg) and the positive control venlafaxine (10 mg/kg) for both
7 day and 1 day did not differ from mice treated with saline in the
treatment, the mice were exposed to the TST. Data are expressed as mean ± SEM
Differences between control and GTP or venlafaxine were assessed using Tukey
post hoc test. *p < 0.05, **p < 0.01, compared with control mice.

number of crossings in the open field test (p > 0.05; Fig. 3A and
B), indicating that the antidepressant-like effects of GTP are no
attributable to a stimulatory effect on locomotor function.

3.4.  GTP produced an antidepressant effect in FST without
preceding OFT

In  the current experiment, the OFT was  conducted 5 min  befor
the FST. Although the OFT apparatus is a novel environment fo
the mice, it is only a mild stressor without effects on the norma
behaviors. In order to exclude the effect of OFT on the behav
ioral responses in FST, we replicated the antidepressant effect o
7-day GTP treatment in the FST without previous OFT. The dat
showed oral treatment with GTP for 7 days significantly reduced
immobility time at doses of 5 mg/kg (p < 0.05), 10 mg/kg (p < 0.01)
and 20 mg/kg (p < 0.01) compared with saline-treated control mic
(Fig. 4).

3.5.  GTP inhibited the serum corticosterone levels in mice exposed
to FST

The ELISA data showed that 7-day administration of GTP a

doses of 5, 10 and 20 mg/kg significantly inhibited corticosterone
secretion induced by FST exposure compared with saline-treated
controls (F4,25 = 14.13, p < 0.001; Fig. 5A). Additionally, both acute
(1 day) and sub-chronic (7 days) GTP injections without the forced
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Fig. 2. Antidepressant effect of GTP in the forced swim test (FST) in mice. GTP (5,
10, and 20 mg/kg) and venlafaxine (10 mg/kg) was administered orally for 7 days
decreased immobility time (n = 10–11 per group) (A), while single dose of GTP did
not reduce the immobility time (n = 8 per group) (B). Sixty minutes after the last
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Fig. 4. The antidepressant effect of GTP and venlafaxine measured in FST without
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eatment,  the mice were exposed to the FST. Data are expressed as mean ± SEM.
ifferences between control and GTP or venlafaxine were assessed using Tukey’s
st hoc test. *p < 0.05, **p < 0.01, compared with control mice.

imming test did not affect the baseline corticosterone levels
ig. 5B and C).

.6.  GTP inhibited the serum ACTH levels in mice exposed to FST

One-way  ANOVA revealed that mice treated with GTP (5, 10,
nd 20 mg/kg) exhibited decreased serum ACTH levels compared
ith control mice (F4,25 = 19.95, p < 0.001; Fig. 6A). While both acute

 day) and sub-chronic (7 days) GTP injections with no forced swim
st had no effects on the baseline ACTH levels (Fig. 6B and C). These

ndings suggested that GTP specifically regulated the activated
PA axis but not normal physiological state of HPA system.

.  Discussion

The TST and FST are two validated models used to assess
utative antidepressants compounds. Immobility time in these

o paradigms reflects antidepressant-like activity. In the present
udy, oral treatment with GTP for 7 days but not for 1 day signifi-
ntly reduced immobility time in both the TST and FST, suggesting
at GTP has antidepressant-like effects in mice. The findings that

cute GTP did not reduce the immobility in TST and FST sug-

ested that only repeated treatment with GTP to keep a stable
lood concentration can produce antidepressant properties. To
xclude the possibility that the antidepressant-like effects of GTP
re attributable to stimulatory effects on locomotor function, we

p
te
ex
as
co
eld test (n = 10–11 per group for 7 day; n = 8 per group for 1 day). Data are expressed
 mean ± SEM.

valuated GTP-induced spontaneous activity in the open field test.
reen tea polyphenols-treated mice exhibited no alterations in
pontaneous activity in the open field test, indicating that the
receding  OFT. GTP (5, 10, and 20 mg/kg) and venlafaxine (10 mg/kg) was adminis-
red  orally for 7 days decreased immobility time in FST (n = 8 per group). Data are
pressed as mean ± SEM. Differences between control and GTP or venlafaxine were
sessed using Tukey’s post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001, compared with
ntrol mice.
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as  mean ± SEM. Differences between control and GTP or venlafaxine were assessed

,

-
n
y
-

70
80
90

A. 7 d GTP treatment exposed to FST

20
30
40
50
60
70

*

**

**

**

0
10

M
ou

se
 s

er
um

 A
C

TH
 (p

g/
m

L)

Control 5 10 20 10    (mg/kg)
VenlafaxineGTP

B. 7 d GTP  treatment without FST

50
60
70
80
90

0
10
20
30
40

Control 5 10 20 10    (mg/kg)

M
ou

se
 s

er
um

 A
C

TH
 (p

g/
m

L)

70

80

C. 1 d GTP  treatment without FST

GTP Venlafaxin e

20

30
40

50

60

0

10

Control 5 10 20 10    (mg/kg)
VenlafaxineGTP

M
ou

se
 s

er
um

 A
C

TH
 (p

g/
m

L)

Fig. 6. The effect of GTP on the serum adrenocorticotropic hormone (ACTH) levels in
mice. GTP (5, 10, and 20 mg/kg) and venlafaxine (10 mg/kg) was administered orally
for 7 days reduced serum ACTH levels in mice exposed to the FST (A). Immediately
after  the FST, blood was  collected for ACTH measurement using ELISA (n = 6 per
group). Both 7 day (B) and 1 day (C) GTP treatment did not alter the serum CORT
levels in mice without exposure to FST. One hour after last drug administration,

e
e
.

-

y
;

cortisol in humans), contributes to the development of depres-

中国科技论文在线 http://www.paper.edu.cn
using  Tukey’s post hoc test. *p < 0.05, **p < 0.01, compared with control mice. CORT
corticosterone.

The ELISA assay revealed that GTP suppressed HPA axis hyper
activity by reducing serum corticosterone and ACTH levels i
mice exposed to the FST. These results reveal the previousl
unrecognized antidepressant-like effects of GTP in laboratory ani

mal  studies and suggest that GTP may  be used to develop new
pharmaceutical treatments for depression. However, GTP did not
alter the serum corticosterone and ACTH levels in mice without
blood  was  collected for CORT measurement using ELISA (n = 6 per group). Data ar
expressed as mean ± SEM. Differences between control and GTP or venlafaxine wer
assessed using Tukey’s post hoc test. *p < 0.05, **p < 0.01, compared with control mice

exposure to forced swim procedure, suggesting that GTP can regu
late the activated HPA axis acitivity.

Hypothalamic–pituitary–adrenal axis dysfunction, reflected b
elevations in circulating glucocorticoids (corticosterone in rodents
sion in humans [28,29]. Major depression patients exhibit higher
plasma cortisol levels compared with healthy subjects [30,31].
Moreover, acute restraint stress increased serum corticosterone
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vels and immobility in the FST and TST in mice and is associated
ith depressive-like symptoms [32]. To determine whether HPA
is hyperactivity induced by the FST is affected by GTP, we mea-
red serum corticosterone and ACTH levels in mice in response

 FST exposure. Green tea polyphenols reduced serum corticos-
rone and ACTH levels in mice exposed to the FST, suggesting that
e mechanism of action of the antidepressant effects of GTP may
volve the regulation of HPA homeostasis to increase the abil-
y of mice to cope with stressful conditions. The reduced HPA
sponsiveness after GTP and venlafaxine treatment in the present
udy is consistent with previous findings, in which agents with
tidepressant-like efficacy decreased the levels of glucocorticoids,
ch as corticosterone [33,34]. The present study raises the possi-
lity that chronic GTP treatment can reduce HPA axis hyperactivity

 response to stress. Hyperactivity of the HPA axis decreased the
nction of glucocorticoid receptors (GRs), particularly in the hip-
campus, and consequently led to impairment of glucocorticoid

edback inhibition [35]. Dysfunction of GRs reduced neurogenesis
d impaired neuroplasticity, thereby contributing to the develop-
ent of depressive-like performance [36–38]. Clinically effective
tidepressants exert their therapeutic actions partially by modu-

ting GR function through the regulation of receptor expression,
ereby ameliorating many of the behavioral disturbances associ-
ed with depressive-like states [39,40]. Considering the fact that
R function plays a key role in the development and treatment of
pression, the regulatory effect of GTP on GR expression and the
rget genes involved in GTP’s antidepressant-like effects is an issue
at needs to be addressed in the future.
Previous studies reported that oral administration of l-theanine,

major amino acid constituent of green tea, increased sero-
nin and dopamine levels in the striatum, hypothalamus, and
ppocampus [41]. Additionally, GTP dose-dependently inhibited
onoamine oxidase B activity and increased monoamine levels

 rat C6 astrocyte cells [17]. Moreover, EGC and EGCG altered
onoamine metabolites in epileptic discharges induced by iron
ns [42]. According to these findings, we presume that the regula-
on of monaminergic neurons in the central nervous system might

 another mechanism involved in the antidepressant effects of
TP.

Adult hippocampal neurogenesis is one of the possible mech-
isms of the pathophysiology of depression and the actions of
tidepressants [43,44]. Notably, green tea extract alone induced
urite outgrowth and potentiated neuritogenesis induced by
rve growth factor [45–47]. In the present study, chronic treat-
ent with GTP for 7 days produced significant antidepressant-like
fects, whereas acute GTP treatment with a single dose failed

 exert this effect (data not shown), suggesting that adap-
ve alterations in neuroplasticity might be involved in the
tidepressant-like action of GTP. Plant polyphenols not only pre-

pitate but also interact with various molecular targets that affect
e formation of functional proteins and cellular signaling path-
ays. For example, EGCG, a bioactive tea polyphenols, regulates
3-mediated T-cell leukemia receptor signaling through inhibi-

on of tyrosine kinase ZAP-70 [48]. The present study showed the
fectiveness of GTP on depressive-like behavior. Investigations of
w GTP interacts with specific molecular targets will provide a
tter understanding of the possible mechanism of action of the
tidepressant-like effects of GTP.
In conclusion, oral GTP administration exerted significant

tidepressant-like effects in the FST and TST and was associ-
ed with normalization of HPA axis dysfunction induced by stress.
gular dietary intake of green tea can maintain a stable GTP con-

国科技论文在线
ntrations in the body and may  have valuable effects on health
cause of good oral bioavailability and few adverse effects [49–53].
ese advantages of GTP provide exciting insights into the develop-
ent of GTP as a potential antidepressant drug. Further research is

[2

[2
esearch 65 (2012) 74– 80 79

eeded to determine whether the antidepressant-like effects of GTP
 mice are applicable to depressed patients. Additionally, investi-
tions of the biologically active compounds in GTP that produce
tidepressant-like effects are still needed.
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