
Contents lists available at ScienceDirect

Journal of Ethnopharmacology

journal homepage: www.elsevier.com/locate/jethpharm

Antidepressant potential of Uncaria rhynchophylla and its active flavanol,
catechin, targeting melatonin receptors
Chang-An Genga,b, Tong-Hua Yanga,b, Xiao-Yan Huanga,b, Yun-Bao Maa,b, Xue-Mei Zhanga,b,
Ji-Jun Chena,b,c,⁎

a State Key Laboratory of Phytochemistry and Plant Resources in West China, Kunming Institute of Botany, Chinese Academy of Sciences, 132# Lanhei Road, Kunming
650201, Yunnan, PR China
b Yunnan Key Laboratory of Natural Medicinal Chemistry, Kunming 650201, PR China
cUniversity of Chinese Academy of Sciences, Beijing 100049, PR China

A R T I C L E I N F O

List of compounds:
Catechin
Epicatechin

Keywords:
Uncaria rhynchophylla
Catechin
Melatonin receptors
Metabolites
Antidepressant activity

A B S T R A C T

Ethnopharmacological relevance: Traditional Chinese medicines (TCMs) are fascinating sources for natural drug
candidates. Uncaria rhynchophylla (Gouteng) is a famous TCM used for alleviating central nervous system (CNS)
disorders, while its antidepressant constituents are still disputed.
Aim of the study: The present study was designed to assess the antidepressant property of U. rhynchophylla and
characterize the active constituents targeting melatonin receptors which are closely related to CNS diseases.
Materials and methods: The total extract and each fraction of U. rhynchophylla were extensively assessed for their
agonistic activity on melatonin receptors in vitro. The following bioassay-guided fractionation yielded the active
constituents, whose activity was confirmed by dose-dependent bioassay and antagonistic experiment on HEK293
cells. Their antidepressant effects were evaluated on forced swimming test (FST), tail suspension test (TST) and
open-field test (OFT) mice models in vivo. Their metabolic profiles in mice plasma were analyzed by LCMS-IT-
TOF.
Results: The stems and hooks of U. rhynchophylla were revealed with agonistic activity on melatonin receptors
(MT1 and MT2). Under the guidance of bioassay, two flavanols, catechin and epicatechin were obtained and
showed obviously activity agitating MT1 (EC50 =25.8 and 156.1 μM) and MT2 (EC50 = 47.3 and 208.8 μM)
receptors. The agonistic activity of catechin on melatonin receptors can be antagonized by luzindole at the
concentrations of 1.57–100 μM. Catechin could significantly reduce the immobility time in both FST and TST
mice models at doses of 80 and 40mg/kg, without obvious effect on locomotor activity in OFT mice model. Five
phase II (M1-M5) and one phase I (M6) metabolites of catechin were detected in mice plasma after intragastric
(i.g.) administration.
Conclusion: Catechin is a potent antidepressant candidate from U. rhynchophylla by targeting melatonin re-
ceptors. The main metabolic pathways of catechin in mice plasma are glucuronidation (M3) and methylated
glucuronidation (M4 and M5). This study provides valuable information for understanding the antidepressant
potency of Gouteng and its active constituents.

1. Introduction

Depression is a common mental disorder characterized by persistent
sadness and helpless, and at its worst, major depression may lead to
suicide. Moreover, depressed patients are more likely to suffer from
coronary artery disease and type-2 diabetes (Moussavi et al., 2007).

According to WHO estimates, more than 300 million people suffer from
depression worldwide, with an increase of 18% every year. However,
only fewer than half of depressed patients, even fewer than 10% in some
countries, receive effective treatments (World Health Organization,
2017). Despite the prevalence of depression, its pathophysiology is still
rudimentary compared with other chronic and potentially fatal
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multifactorial conditions. According to the widely accepted ‘monoamine
hypothesis’, depression is closely related to the variation of neuro-
transmitters′ concentration and dysfunction of neurotransmitter re-
ceptors′ activity, involving 5-hydroxytryptamine (5-HT, serotonin), nor-
adrenaline (NA), acetylcholine (Ach) and dopamine (DA), etc. (Krishnan
and Nestler, 2008; Liu et al., 2011). Currently, a series of monoamine-
based antidepressants were developed with the mechanism of inhibiting
neurotransmitters′ degradation or reuptake, e.g. monoamine oxidase in-
hibitors (tranylcypromine, phenelzine, isocarboxazid), monoamine re-
uptake inhibitors (imipramine), selective serotonin reuptake inhibitors
(fluoxetine, paroxetine, citalopram), selective noradrenaline reuptake
inhibitors (maprotiline, reboxetine, mianserin), selectivity noradrenaline
and serotonin reuptake inhibitors (venlafaxine, trazodone, mirtazapine)
(Narasimhan and Lohoff, 2012). Although the present antidepressants
are claimed to be effective in treating depression and offer an acceptable
therapeutic index, their application is restricted by the drawbacks of
obvious side effects and taking effect slowly (Khawam et al., 2006).

Melatonin receptors including MT1 and MT2 subtypes are promising
targets for the treatment of central nervous system (CNS) diseases.
Several melatonin receptor-mediated drugs, circadin (slow-release
melatonin), ramelteon, tasimelteon, and agomelatine, have been clini-
cally used to treat insomnia, depression and sleep disorders
(Ekmekcioglu, 2006; Liu et al., 2016; Spadoni et al., 2011). With the
melatonin receptors being cloned in the mid-1990s, hundreds of ligands
were synthesized and evaluated for their agonistic activities. However,
the currently reported melatonin receptor agonists are almost synthetic
compounds with highly structural and metabolic similarity to mela-
tonin (Koike et al., 2011; Mor et al., 2010).

Traditional Chinese medicines (TCMs) are important sources for
drug discovery, which have been used for medicinal purposes in China
for thousands of years (Geng et al., 2013). Uncaria rhynchophylla
(Gouteng) documented in Chinese pharmacopoeia with the effects of
extinguish wind-arrest convulsions and clear heat-pacify liver is a fa-
mous TCM for psychiatric and hypotensive purposes in China (Chinese
Pharmacopoeia Commission, 2015). In addition, many formulae (e.g.
Gouteng Yin, Tianma Touteng Yin, Lingjiao Gouteng Tang) with Gou-
teng as the main composition are used for the treatment of convulsion,
hypertension, epilepsy, eclampsia, and cerebral diseases in clinic. Be-
sides the TCM, U. rhynchophylla (Chotoko in Japanese) is also widely
used in the traditional Japanese medicines for sedative, anticonvulsive
and antiepileptic effects (Heitzman et al., 2005). Indole alkaloids are
the characteristic constituents of U. rhynchophylla, which are re-
sponsible for the hypotensive and psychiatric effects. Geissoschizine
methyl ether (GME), the main alkaloid in Uncaria hooks, could ame-
liorate the increased aggressiveness and decreased sociality in isolation-
induced mice, with an anxiolytic potency. GME takes effects mainly by
agitating 5-HT1A receptor which can be counteracted by co-adminis-
tration of 5-HT1A receptor antagonist, WAY-100635 (Nishi et al., 2012).
While the antidepressant property and the active constituents of U.
rhynchophylla are still disputed (Geng et al., 2017; Laus, 2004;
Ndagijimana et al., 2013). In the TCM theory, only the hook-bearing
stems of U. rhynchophylla are used as the crude materials for Gouteng,
and hooks are always considered more effective than stems. Our pre-
vious investigation suggested that both the hooks and stems of U.
rhynchophylla showed activity in agonisting MT1 and MT2 receptors
which have high correlation with psychiatric diseases (Zhang et al.,
2017). As a continuous investigation, this work was implemented to
characterize the antidepressant property of U. rhynchophylla and the
active constituents targeting melatonin receptors, as well as the meta-
bolic profiles in mice plasma.

2. Material and methods

2.1. General procedures

Solvents of analytical grade (Tianjing Damao, Tianjing, China) were

used for extraction and isolation, and chromatographic grade (Merck,
Darmstadt, Germany) were used for LC-MS analyses and HPLC pur-
ification. Deionized water (18.2MΩ) for LC-MS was purified by
MingChe™-D 24UV Merck Millipore system (Merck Millipore, Shanghai,
China). LC-MS analyses were performed on a UFLC/MS-IT-TOF appa-
ratus (Shimadzu, Kyoto, Japan) using an Agilent Eclipse Plus C18
column (2.1×100mm, i.d., 1.8 μm). Silica gel (200–300 mesh) for
column chromatography and TLC plates (GF254) for monitoring frac-
tions were purchased from Qingdao Makall Chemical Company
(Makall, Qingdao, China). MPLC separation was performed on a Dr-
Flash-II MPLC system (Lisui, Suzhou, China) with a CHP20P MCI gel
column. HPLC preparation was achieved on a Chuangxin Tongheng
LC3000 apparatus (Beijing, China) with an Agilent Eclipse XDB-C18
column (9.4×250mm, i.d., 5.0 μm).

2.2. Plant materials

The raw materials of Uncaria rhynchophylla (Miq.) Miq. ex Havil.
were collected from Pingxiang City, Jiangxi Province (China), in August
2015, and authenticated by Dr Li-gong Lei (Kunming Institute of
Botany, CAS). A voucher specimen (No. 2015080101) was deposited in
the Laboratory of Antivirus and Natural Medicinal Chemistry, Kunming
Institute of Botany, CAS.

2.3. Extraction, isolation and identification

Dried stems and hooks of U. rhynchophylla (1.0 kg) were ground and
macerated with ethanol (10 L) at room temperature (48 h × 2) to give a
brown residue (150 g) after removing the solvents. The residue was
solved in H2O and loaded on a D101 macroporous adsorption resin
column which was eluted with H2O and aqueous ethanol (10%, 50%
and 90% ethanol) to provide four fractions. The 50% ethanol part was
further separated by silica gel column chromatography (Si CC) with the
elution of CHCl3-MeOH-H2O gradient (9:1:0, 9:1:0.1, 8:2:0.2, 7:3:0.3
and 6:4:0.4) to generate six fractions, Frs. A-F. Fr. C was separated by
MPLC system on a CHP20P MCI gel column (100 g, 2.5× 30 cm) and
eluted with MeOH-H2O gradient (from 2:8–8:2) to give five sub-frac-
tions, Frs. C-1 to C-5. Fr. C-2 was purified by Si CC with the elution of
EtOAc-MeOH-H2O gradient (9:1:0.1) to yield catechin (2.1 g) and epi-
catechin (1.0 g) which were identified by HRESIMS, [α]D, 1H and 13C
NMR spectra (Fig. 1).

2.4. Agonistic activities on melatonin receptors

Bioassay for agonistic activities on melatonin receptors were per-
formed according to the previous report (Geng et al., 2017), and briefly
described as follows: HEK293 cells stably expressing human MT1 and
MT2 receptors were maintained in Dulbecco′s modified Eagle medium
(DMEM) containing 10% fetal bovine serum (FBS), which were pur-
chased from HD Biosciences Co., Ltd. (Shanghai, China). Cells were
seeded in a Matrigel® coated black wall/clear bottom 96-well plates at a
density of 4× 104 cells/well and incubated at 37 °C with 5% CO2
overnight. After removing the medium, 100 μL of loading solution (HDB
Wash Free Fluo-8 Calcium Assay kit) was added into each well. The cell
plate was pre-incubated at 37 °C for 1 h before bioassay. The tested
samples were dissolved in Hank's balanced salt solution buffer (1.5mL),
and then transferred to the sample plate. Both the cell and sample plates
were put into the FlexStation3 Benchtop Multi-Mode Microplate Reader
to perform the bioassay. Melatonin was used as the positive control
which showed the highest agonistic rates (100%) on MT1 and MT2 re-
ceptors at the concentration of 0.08 and 3.3 μM, respectively. The raw
data from time sequence recording were normalized as percentage re-
sponses to melatonin, and analyzed to fit the four-parameter logistic
equation to assess the agonistic rates.
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2.5. Antidepressant tests

2.5.1. Chemicals
Catechin (CAS. 7295-85-4,> 97%) and epicatechin (CAS. 490-46-

0,> 97%) were isolated from U. rhynchophylla by repeated column
chromatography and identified by detailed spectroscopic data.
Fluoxetine hydrochloride (Aladdin,> 98.0%) and agomelatine
(TCI,> 98.0%) were purchased from InnoChem (Beijing InnoChem
Science & Technology Co. Ltd., China). Luzindole (Sigma-Aldrich, ≥
90%) was purchased ZEHAO (ZEHAO Trade Co. Ltd., Kunming, China).

2.5.2. Animals
Male SPF KM mice (18–22 g) purchased from Beijing HFK

Bioscience Co., Ltd. [License: SCXK (JING) 2014-0004] were used in the
following antidepressant-like tests. Animals were housed in cages, eight
per cage, under a normal 12 h/12 h light/dark cycle at a constant room
temperature (23 ± 2 °C) and humidity (55% ± 10%). The animals
were allowed seven days to adapt to the laboratory prior the adminis-
tration. Standard laboratory chow (Suzhou Shuangshi Animal Feed
Technology Co., Ltd.) and water were available ad libitum unless
otherwise specified. All the experimental procedures were performed in
accordance with the current ethical regulations for animal care and use,
which were reviewed and approved by the Animal Ethics Committee of
Kunming Institute of Botany, CAS. The minimum number of animals
and duration of observation required to obtain consistent data were
employed.

2.5.3. Drugs and administration
Mice were randomly divided into six groups (eight mice per group):

control (distilled H2O), fluoxetine (20mg/kg), agomelatine (20mg/kg),
catechin (20, 40 and 80mg/kg). The doses of catechin were relied on
preliminary experiments. The tested substances were suspended in
distilled water to the required concentrations. Fluoxetine, agomelatine,
catechin and distilled H2O were intragastrically (i.g.) administered daily
for seven days. On the last day, the drugs were given 1 h previous to the
tests.

2.5.4. Forced swimming test (FST)
The FST test was conducted according to the methodology described

by Porsolt with minor modifications (Idayu et al., 2011; Porsolt et al.,
1977; Wang et al., 2016). In brief, mice were individually forced to
swim in an open cylindrical container (25 cm in height× 15 cm in
diameter) which was filled with a depth of 15 cm of water at about
25 °C. The immobility time, defined as the absence of escape-oriented

behaviors, making only those movements necessary to keep its head
above water. The total immobility time during the last 5min of the 6-
min testing period was monitored automatically by the ANY-maze
Video Tracking System (Anymaze, Stoelting Co.,Wood Dale, USA).
Decrease in the duration of immobility during the FST test was con-
sidered as the effect of antidepressant activity. The water in the con-
tainers was changed after each trial to avoid the influence of odors from
the previous mouse.

2.5.5. Tail suspension test (TST)
The TST test was performed according to the method reported by

Steru et al. (1985) with minor modifications. Briefly, mice both
acoustically and visually isolated were suspended 50 cm above the floor
by adhesive tape placed approximately 1 cm from the tip of the tail.
Immobility was defined as the absence of any limb or body movements
when they hung passively and completely motionless. The total im-
mobility time during the last 4min of the 5-min testing period was
monitored automatically by the ANY-maze Video Tracking System
(Anymaze, Stoelting Co.,Wood Dale, USA). Decrease in the duration of
immobility during the TST test was considered as the effect of anti-
depressant activity.

2.5.6. Open-field test (OFT)
In order to rule out any unspecific effects of the tested samples on

locomotor activity, mice were evaluated in the open-field paradigmas
previously described with slight modifications (Idayu et al., 2011).
Before each test, animals were kept in the test box (24×24×40 cm)
at least 1 h before the open-field test (OFT) for habituation. The main
apparatus consisted of square arena with gray surface covering every
wall, and the floor was divided equally into 16 squares (6× 6 cm)
marked by black lines. The mice were placed in the center and their
behavior was monitored during the last 5min of the 6-min testing
period. The total movement distance was recorded by video camera and
registered in the computer. All animals were used only once, and after
each trial, the square arena was totally cleaned with 10% alcohol to
prevent the influence of the odors present in the urine and feces of the
previous mouse.

2.6. Metabolism study

Catechin was suspended in distilled H2O and intragastrically (i.g.)
administered to mice (n=3) at a single dose of 100mg/kg. Blood
sample were collected from the suborbital vein at 0, 15, 30, 60, 120 and
240min after dosing and maintained in heparinized polythene tubes.
The preparation of plasma samples was performed according to the
protocol reported before (Ma et al., 2018). Metabolic profiling was
achieved by UFLC-PDA-MS-IT-TOF (Shimadzu, Kyoto, Japan) on an
Agilent Eclipse Plus C18 column (2.1× 100mm i.d., 1.8 μm). The mo-
bile phase comprised with H2O (0.05% formic acid, A) and acetonitrile
(0.05% formic acid, B) was as follows: linear gradient of 5–50% B in
8min, increased to 100% B in 4min and kept for 3min, fast recovered
to 5% B in 2min and maintained 5min for column equilibration. The
flow rate was 0.2mL/min and injection volume was 5 μL for each
analysis. High resolution MS experiments were achieved in automatic
pattern in both positive and negative mode. Unless specified otherwise,
analytical conditions were as follows: spray voltage, + 4.50 and
‒3.50 kV; detector voltage, 1.58 kV; drying gas pressure, 100.0 kPa;
nebulizing gas (N2) flow, 1.5 L/min; curved desolvation line (CDL)
temperature, 200.0 °C; heat block temperature, 200.0 °C; equipment
temperature, 40.0 °C; ion accumulation time, 20ms. The Shimadzu
Composition Formula Predictor was used to determine the molecular
formula. The Shimadzu MetID was used to analyze the metabolites
which were further verified by manual inspection.

Fig. 1. The extraction, isolation and identification of catechin and epicatechin.
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2.7. Statistical analysis

All data were presented as mean± standard deviation (SDs) from
three independent experiments for the in vitro experiments (Fig. 2) or a
single experiment with eight mice for the in vivo testing (Fig. 4). Sta-
tistical analysis was performed using GraphPad Prism 6.0 software
(GraphPad Software, Inc., San Diego, CA). For statistical comparisons,
the data were analyzed using one-way analysis of variance (ANOVA)

followed by Dunnett's post-hoc test, and p < 0.05 was considered
statistically significant.

3. Results

3.1. Agonistic activities on melatonin receptors

Melatonin receptors are fascinating targets for novel antidepressants
discovery. Therefore, the total extract and different fractions of U.
rhynchophylla were assayed for their effects in agitating MT1 and MT2
receptors on HEK293 cells in vitro.

As shown in Fig. 2, the total extract of U. rhynchophylla showed
agonistic activities on MT1 and MT2 receptors with agonistic rates of
36.5% and 67.5%, respectively (p < 0.0001 vs control). The total ex-
tract was separated into four fractions by D101 macroporous adsorption
resin CC, of which the 50% ethanol part (D101-50%) showed the
highest activity on MT1 and MT2 receptors with agonistic rates of 60.4%
and 73.1% (p < 0.0001 vs control). The other fractions (D101-H2O,
D101-10% and D101-90%) showed similar or slightly decreased ac-
tivity compared with the total extract, suggesting fraction D101-50% as
the active portion of U. rhynchophylla. Subsequent fractionation of
D101-50% gave rise to six sub-fractions, of which Frs. C and D dis-
played obviously increased activity. The most active Fr. C was selected
for further separation to generate five sub-fractions, Frs. C-1~C-5. Fr. C-

Fig. 2. Agonistic activities on MT1 and MT2 receptors of
the fractions (1mg/mL) from U. rhynchophylla. The ago-
nistic activities were expressed as percentage responses to
the highest agonistic rates of melatonin. Data were ex-
pressed as mean± S.D. (n=3). One-way ANOVA was
carried out followed by post-hoc Dunnett's multiple com-
parison test. *P < 0.05, **P < 0.01, ***P < 0.001,
****P < 0.0001, compared with control group.

Fig. 3. Chemical structures and dose-dependent effects of catechin (CT) and epicatechin (ECT) on MT1 and MT2 receptors. The agonistic activities were expressed as
percentage responses to the highest agonistic rates of melatonin.

Table 1
The agonistic effects of catechin combined with luzindole on MT1 and MT2
receptors.

Concentration (μM) Agonistic rates (%)a

catechin luzindole MT1 MT2

200 100 −6.9 ± 1.1 2.9 ± 0.7
200 50 −5.4 ± 1.4 3.0 ± 1.0
200 25 −5.2 ± 1.6 5.7 ± 1.2
200 12.5 −4.7 ± 0.6 6.3 ± 1.8
200 6.25 −4.3 ± 0.8 8.5 ± 0.5
200 3.14 −5.1 ± 1.0 6.6 ± 1.3
200 1.57 −4.4 ± 1.3 7.4 ± 1.1
200 0 99.0 ± 9.1 81.7 ± 7.4

a Data are expressed as mean± S.D., n= 3.
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2 showed the most potent activity on both MT1 and MT2 receptors with
agonistic rates of 90.3% and 67.4% (p < 0.0001 vs control), from
which catechin and epicatechin were obtained by repeated CC.

Catechin and epicatechin were assayed for their agonistic activity
on melatonin receptors on HEK293 cell line in vitro. At the concentra-
tion of 200 μM, catechin exhibited obvious activity on MT1 and MT2
receptors with agonistic rates of 99.0% and 81.7%, and epicatechin
showed moderate activity with agonistic rates of 51.2% and 49.8%.
Their dose-response curves on MT1 and MT2 receptors were further
investigated on seven different concentrations to provide the EC50 va-
lues of 25.8 and 47.3 μM for catechin, and 156.1 and 208.8 μM for
epicatechin, respectively (Fig. 3). Catechin was more active than epi-
catechin on melatonin receptors, and thus chosen for the antagonistic
experiment in vitro and antidepressant-like evaluation in vivo.

In order to verify the agonistic effects of catechin on MT1 and MT2
receptors, an antagonistic experiment in the presence of luzindole
(melatonin receptors antagonist) was further performed. As shown in
Table 1, the agonistic activity of catechin (200 μM) on MT1 and MT2
receptors can be totally antagonized by luzindole at the concentrations
of 1.57–100 μM. This result suggested that catechin took effects by
targeting melatonin receptors and can be counteracted by melatonin
receptors antagonists.

3.2. Antidepressant-like effects on FST and TST

After subchronic treatment with fluoxetine, agomelatine and ca-
techin, all groups significantly (p < 0.05) reduced the duration of
immobility time compared to control (188 s in FST, and 190 s in TST).
Catechin of high dose (80mg/kg) exhibited obviously antidepressant-
like effect with the total immobility time of 127 s in FST (p < 0.01),
and of 124 s in TST (p < 0.01), respectively, which was comparable to
the clinically effective drugs, fluoxetine [129 s in FST (p < 0.01), and
126 s in TST (p < 0.001)] and agomelatine [134 s in FST (p < 0.01),
and 128 s in TST (p < 0.01)]. Catechin of middle dose (40mg/kg) and
low dose (20mg/kg) also showed antidepressant-like effect with the
total immobility time of 145 s (p < 0.05) and 169 s (p < 0.05) in FST,

and of 149 s (p < 0.01) and 164 s (p < 0.05) in TST, respectively
(Fig. 4).

3.3. Locomotor activity on OFT

In order to dismiss the false positive results in the antidepressant
test (FST and TST), their locomotor activity on OFT was further eval-
uated. As shown in Fig. 4, there is no obvious difference (p > 0.05) in
the total distance between the control and treated groups. Therefore,
the reduction of immobility time of fluoxetine, agomelatine and ca-
techin in FST and TST should be attributed to their antidepressant-like
effects.

3.4. Identification of metabolites

In this study, the metabolic profile of catechin in mice plasma was
characterized based on UFLC-PDA-MS-IT-TOF. As shown in Table 2 and
Fig. 5, a total of six metabolites involving five phase II products
(M1~M5) and one phase I product (M6) were detected and tentatively
identified. All the metabolites showed UV maximum absorptions at
about 220 and 279 nm resembling catechin, based on which the me-
tabolites were easily recognized.

M1 and M2 showed the deprotonated ion ([M‒H]‒) atm/z 559.0758
and 559.0773, respectively, with the molecular formula of C22H24O15S.
This molecular formula was 270 Da (CH2 +SO3 +C6H8O6) higher than
that of catechin, indicating the phase II metabolites with methylation,
sulfation and glucuronidation. M3 displayed the protonated ion ([M
+H]+) at m/z 467.1195 and deprotonated ion ([M‒H]‒) at m/z
465.1016 suggesting the molecular formula of C21H22O12. Compared
with catechin, the additional 176 Da (C6H8O6) was indicative of a
glucuronide metabolite. M4 and M5 were a pair of isomer with the
same molecular formula of C22H24O12, which were deduced from their
respective protonated ion ([M+H]+) at m/z 481 and deprotonated ion
([M‒H]‒) at m/z 479. This molecular formula was 14 Da (CH2) higher
than that of M3, suggesting the methylated glucuronide metabolites.
M6 showed the deprotonated ion ([M‒H]‒) at m/z 321.0611 in negative

Fig. 4. Effects of fluoxetine, agomelatine and catechin (CT) on immobility time in FST and TST, and on locomotor activity in OFT. Data are expressed as
mean± S.D., n= 8. One-way ANOVA was carried out followed by post-hoc Dunnett's multiple comparison test. *P < 0.05, **P < 0.01, ***P < 0.001, compared
with control group.

Table 2
Identified metabolites of catechin in mice plasma by LCMS-IT-TOF.

No. tR(min) MW Formula MS UV(nm) Metabolite description

M1 2.77 560 C22H24O15S Pos. ‒ Neg. 559.0758 ([M–H]‒, ‒0.5 mDa) 223,279 Sulfation+glucuronidation+methylation
M2 3.15 560 C22H24O15S Pos. ‒ Neg. 559.0773 ([M–H]‒, +1.0 mDa) 222,279 Sulfation+glucuronidation+methylation
M3 3.35 466 C21H22O12 Pos. 467.1195 ([M+H)+, +1.1 mDa) 220,279 Glucuronidation

Neg. 465.1016 ([M–H]‒, ‒2.2 mDa)
M4 3.85 480 C22H24O12 Pos. 481.1339 ([M+H)+, ‒0.2 mDa) 228,278 Glucuronidation+methylation

Neg. 479.1211 ([M–H]‒, +1.6 mDa)
M5 4.85 480 C22H24O12 Pos. 481.1342 ([M+H)+, +0.1 mDa) 228,279 Glucuronidation+methylation

Neg. 479.1188 ([M–H]‒, ‒0.7 mDa)
M6 8.09 322 C15H14O8 Pos. ‒ Neg. 321.0611 ([M–H]‒, ‒0.5 mDa) 220,279 Oxidation× 2
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MS, corresponding to the molecular formula of C15H14O8, which had
extra 32 Da (O2) than that of catechin. Thus, M6 was reasonable to be
deduced as dioxidation metabolite.

4. Discussion

Melatonin receptors including MT1 and MT2 subtypes are fasci-
nating targets for treating depression. Compared with the anti-
depressants targeting 5-HT, NE or γ-GABA receptors, melatonin

receptors agonists can improve sleep in addition to antidepression, and
have the advantages of rapid onset and light side effects. For example,
agomelatine as the melatonin receptor agonist and selective serotonin
receptor antagonist could not only relieve the symptoms of major de-
pression but also enhance sleep quality in depressed patients (Millan
et al., 2003). Although hundreds of melatonin receptors (MT1 and MT2)
agonists were disclosed based on ligand-receptor binding assay, the
currently reported agonists are almost synthetic compounds. Tradi-
tional Chinese herbs that have been used in China for thousands of

Fig. 5. Metabolic profile of catechin in mice plasma by LCMS-IT-TOF.
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years are fascinating sources for novel drug candidates. U. rhyncho-
phylla, one of the authentic sources of the TCM Gouteng, is widely used
for mental and cardiovascular diseases. Its hypotensive constituents
ascribed to indole alkaloids have been well investigated. GME, a main
alkaloid in Uncaria hooks, was revealed with an anxiolytic potency by
agitating 5-HT1A receptor (Nishi et al., 2012). While, the antidepressant
active constituents are still disputed. In this study, the bioassay guided
investigation on U. rhynchophylla resulted in catechin and epicatechin
as the active constituents. Antagonistic experiment verified that ca-
techin took effects by targeting melatonin receptors which can be an-
tagonized by luzindole. Compared with epicatechin, catechin showed
more potent activity in agonisting MT1 and MT2 receptors. Thus, ca-
techin was further evaluated on two classic behavioral models, namely
TST and FST, and showed significantly antidepressant-like effects by
reducing the immobility time in dose dependent. To avoid the false-
positive results, the effect of catechin on locomotor activity was as-
sessed using the locomotor activity test. Catechin did not alter loco-
motor activity in OFT which suggested that the reduced immobility
time in TST and FST was due to the antidepressant effects. The pre-
liminary metabolism study of catechin in mice characterized six me-
tabolites including five phase II (M1~M5) and one phase I (M6) pro-
ducts based on LCMS-IT-TOF analyses. Three phase II metabolites,
namely one glucuronide adduct (M3) and two methylated glucuronide
adducts (M4 and M5), are the major metabolites of catechin in plasma.
It is concluded that the metabolic pathways are mainly methylation,
sulfation and glucuronidation.

Catechin and related compounds are widely present in natural
sources with extensive biological activities involving antioxidant, free
readical-scavenging, neuroprotective, antiinflammatory, anti-
mutagenic/anticarcinogenic effects, and protection in various central
nervous system (CNS) diseases (Liu and Chen, 2004). In addition to
neurotransmitters/neurotransmitter receptors, depression is closely re-
lated with oxidative stress, inflammation and neuronal injury. In the
previous investigation, many plant extracts rich in polyphenols invol-
ving catechin have been revealed with antidepressant potency. For
example, the hydroalcoholic extract of Cocos nucifera husk fiber was
manifested with antidepressant like effect that might be due to the
antioxidant and neurotrophic effects of the active phenolics (mainly
catechin and chlorogenic acid) (Lima et al., 2016). The butanolic
fraction of Cecropia glazioui could obviously reduce the immobility time
in FST rats, and this effect was ascribed to catechin and related com-
pounds that blocked the monoamines uptake in the CNS (Rocha et al.,
2007). Moreira et al. reported that the anticonvulsant, antipsychotic
and anxiolytic-like effects of Croton celtidifolius were attributed to the
proanthocyanidins and catechins targeting within the GABAergic
system (Moreira et al., 2010). Besides, several reports also revealed the
antidepressant effects of catechin-rich plants due to their neuropro-
tective and anti-inflammatory potency (Liu et al., 2013; Ruan et al.,
2009; Wong et al., 2012). However, most of the research did not di-
rectly verify the antidepressant effect of catechin itself. The most re-
levant evidence was that chronic administration of catechin on corti-
costerone induced rat model showed significantly improvement in
helpless behaviors, in which catechin was considered as a potent
therapeutic agent for treating depression and anxiety via the modula-
tion of hypothalamic corticotrophin-releasing factor (CRF) and the
central noradrenergic system (Lee et al., 2013). In this investigation,
catechin was first revealed with obvious agonistic effects on melatonin
receptors (MT1 and MT2) by dose-dependent bioassay and antagonistic
experiment, which provides new perspectives for understanding its
antidepressant targets.

5. Conclusions

Catechin may be considered as a potent antidepressant candidate
targeting melatonin receptors, while it will benefit from further in-
vestigation on different animal's behavioral models. This bioassay

guided investigation revealed the antidepressant property of U.
rhynchophylla and the active constituents targeting melatonin receptors,
as well as the metabolic profiles in mice plasma, which will provide
valuable information for understanding the antidepressant potency of
Gouteng.
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