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Abstract: The racemate dl-tetrahydropalmatine (dl-THP) is known for its analgesic and sedative effects,
and has been shown by us to be a potential agent for the treatment of anxiety. Herein, to delineate the
therapeutic potentials of its different isomeric forms, the behavioral effects of l-THP, dl-THP and d-THP
were compared regarding their anxiolytic and antidepressant properties in mouse behavioral models using
the elevated plus-maze test and tail suspension test respectively. The anxiolytic and antidepressant effects
of both l-THP and dl-THP were evident in forty-five minutes following oral administration. Moreover, lTHP exhibited much greater anxiolytic potency in the elevated plus-maze (0.1-2.5 mg/kg) and
antidepressant potency in the tail suspension test (0.5-5.0 mg/kg) than dl-THP, whereas d-THP was
inactive in either of these tests. As well, l-THP enhanced sociability and preference for social novelty at
0.1-0.5 mg/kg in Crawley’s three-chamber behavioral tests, and inhibited the amphetamine-induced maniclike hyperactivity of amphetamine-sensitized mice at 0.05-0.2 mg/kg. These pharmacological actions of lTHP were unaccompanied by any significant locomotor or myorelaxant side-effects. Co-administration of
flumazenil, a GABAA receptor antagonist, inhibited the anxiolytic and antidepressant effects of l-THP,
even though the binding affinity of l-THP was higher for dopamine D2-like receptors than for GABAA
receptors. On this basis, l-THP displayed potential as a fast-acting drug for the treatment of anxiety,
depression and bipolar disorder.
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Introduction
The
racemate
compound
dltetrahydropalmatine (dl-THP) is a major
constituent of the medicinal herb Corydalis
yanhusuo W.T. Wang. Pharmacologically, dlTHP is known to display anti-epileptic, antihypertensive, as well as antinociceptive and
sedative-tranquilizing activities [1-3]. For both
the antinociceptive and sedative-tranquilizing
effects, its l-THP constituent was the effective
component; the d-THP enantiomer exerted little
effect by itself, but enhanced the
antinociceptive effect of l-THP [3].
Administration of l-THP also provided
effective treatment for addictions to oxycodone,
cocaine and methamphetamine [4-6], and for
posttraumatic stress disorder [7].
Previously, we found that acute administration
of dl-THP could induce anxiolysis in mice
based on the elevated plus-maze test [8], and
this was also found to be the case with rats [9].
The anxiolytic effect was blocked in mice, and
partially blocked in rats, by the GABAA
receptor benzodiazepine (BZ) site antagonist
flumazenil at 1.25 mg/kg. In the present study,
the potential effects of l-THP, d-THP and dlTHP for treatment of anxiety and depression
were assessed in mice using the elevated plusmaze test and tail suspension test respectively.
As well, the effects of l-THP on sociability and
preference for social novelty were examined
using the Crawley’s three-chamber behavioral
tests, and its effects on amphetamine-induced
hyperactivity examined based on locomotor
activity.

Methodology
Chemicals
The l-THP was obtained from Santa Cruz
Biotechnology (CA, USA), and dl-THP from
Indofine Chemical Company (98% purity; NJ,
USA); d-THP was prepared as described [10].
Diazepam, flumazenil, D-amphetamine sulfate
and γ aminobutyric acid (GABA) were
obtained from Sigma Chemical (St. Louis,
USA). [3H]-flunitrazepam ([N-methyl-3H],
88.0 Ci/mmol) and [3H]-spiperone ([benzene
ring-3H], 15.7 Ci/mmol) were obtained from
PerkinElmer Life Sciences (Boston, USA). The
dl-THP, d-THP and l-THP were dissolved in
0.9% NaCl in the presence of 1% H2SO4 and
adjusted to pH 7.4 with NaHCO3. Diazepam
was dissolved in 0.9% NaCl in the presence of
1% DMSO for animal tests. GABA was
dissolved in 50 mM Tris-Cl, and Damphetamine sulfate (corrected for weight of
sulfate) was dissolved in 0.9% NaCl.
Animals
Male ICR mice (20 - 35 g) were housed in
groups of five with food and water ad lib, and
kept on a 08:00 hour to 20:00 hour light cycle.
Drugs (10 ml/kg) were administered to mice.
All animal experiments were pre-approved by
the HKUST Animal Ethics Committee and
conducted in accordance with the Code of
Practice for Care and Use of Animals for
Experimental Purposes of the Agriculture,
Fisheries and Conservation Department and the
Department of Health of Hong Kong Special
Administrative Region. All procedures were
carried out in a quiet, air-conditioned laboratory
between 08:00 h and 13:00 h at ambient
temperature of 20-22 ºC.
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Elevated plus-maze test
Male ICR mice 4 to 6 weeks old were randomly
separated into groups. Vehicle (0.9% NaCl.
p.o.), 0.01 - 2.5 mg/kg l-THP p.o., 0.1 - 2.5
mg/kg dl-THP p.o., 1.0 - 5.0 mg/kg d-THP p.o.,
or 1 or 3 mg/kg diazepam i.p. was administered
45 minutes prior to the test, which was
performed as described [11]. The increased
number of open arms entries and percentage of
time spent in open arms during a 5-minute test
period signified an anxiolytic effect [12,13].
To test whether the anxiolytic effect elicited by
l-THP could be blocked by the benzodiazepine
(BZ) site antagonist flumazenil, male 4-6week-old mice were randomly separated into
three groups. The first group received vehicle
(0.9 % NaCl) p.o. 45 minutes before test and
1.25 mg/kg flumazenil i.p. 15 minutes before
test; the second group received either 1.0 mg/kg
l-THP or p.o. 45 minutes before test, and
vehicle i.p. 15 minutes before test; and the third
group received 1.0 mg/kg l-THP p.o. 45
minutes before test and 1.25 mg/kg flumazenil
i.p. 15 minutes before test.
Tail suspension test
Male ICR mice 4 to 6 weeks old were randomly
separated into groups, and orally administered
with vehicle (0.9 % NaCl), l-THP (0.2-5.0
mg/kg p.o.), or dl-THP or d-THP (1.0-5.0
mg/kg p.o.) 45 minutes prior to testing, or 30
mg/kg imipramine p.o. 30 minutes prior to
testing. In the test, mice were taped by the tail
to a bar and suspended 15 cm above ground for
6 minutes. The total time of immobility was
scored manually from 2 min to the end of the 6minute test period.
To test whether the antidepressant effect
elicited by dl-THP and l-THP could be blocked
by flumazenil, male 4-6-week-old mice were
randomly separated into three groups. The first
group received vehicle (0.9 % NaCl) p.o. 45
minutes before test and 1.25 mg/kg flumazenil
i.p. 15 minutes before test; the second group

received 1.0 mg/kg l-THP or 2.0 mg/kg dl-THP
p.o. 45 minutes before test, and vehicle i.p. 15
minutes before test; and the third group
received 1.0 mg/kg l-THP or 2.0 mg/kg dl-THP
p.o. 45 minutes before test and 1.25 mg/kg
flumazenil i.p. 15 minutes before test.
Crawley’s three-chamber behavioral tests
Female ICR mice 8 to 10 weeks old were
randomly separated into groups, and orally
administered with vehicle (0.9 % NaCl p.o.) or
l-THP (0.1 or 0.5 mg/kg p.o.) 45 minutes prior
to testing. The test apparatus (19 x 45 cm)
comprised a rectangular plexiglass threechamber box with a middle chamber and two
side chambers. Each of the two side chambers
housed a wire-cup container with removable lid
that was large enough to hold a single mouse,
and allowed air exchange between the interior
and exterior of the container but too small to
enable physical contact between an animal
inside and one on the outside.
As described by Kaidanovich-Beilin et al. [14],
at the start of test, a test mouse was placed at
the center of the middle chamber for adaptation.
After 5 minutes, a 10-minute test session-1 was
started by placement of a stranger-1 mouse
inside the wire-cup in one of the side chambers.
The number and durations of interactions made
by test mouse with the wire-cup housing, and
the wire-cup not housing, stranger-1 mouse
were recorded separately. Upon completion of
test session-1, a 10-minute test session-2 was
started by placement of a stranger-2 mouse in
the wire-cup that was left empty in session-1.
The number and duration of interactions made
by test mouse with either stranger-1 or stranger2 mouse were again recorded. In session-1, the
percentage of total number or percentage of
duration displayed by the test mouse interacting
with stranger-1 mouse was estimated as 100%
x [number or duration of interaction with
stranger-1 mouse]/[total number or duration of
interaction with either strange-1 mouse or with
empty cup]. In session-2, the percentage of total
number or percentage of duration displayed by
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the test mouse interacting with stranger-2
mouse was estimated as 100% x [number or
duration of interaction with stranger-2
mouse]/[total number or duration of interaction
with either strange-2 mouse or with stranger-1
mouse]. Thereby session-1 enabled an
estimation of the sociability of the test mouse,
whereas session-2 enabled an estimation of the
preference of the test mouse for social novelty.
Locomotor activity test
Male ICR mice 4 to 6 weeks old were randomly
separated into groups. Vehicle (0.9% NaCl,
p.o.), or 0.01 - 2.5 mg/kg p.o. l-THP or dl-THP,
or 1 or 3 mg/kg i.p. diazepam was administered
45 minutes before the test. The ZIL-2 apparatus
(Beijing Institute of Materia Medica, 60 cm x
60 cm x 12 cm) employed for the test consisted
of four plastic cylindrical containers, each
equipped with six evenly spaced infrared beamphotocell monitors. The number of transitions
across the beams was recorded over a period of
5 minutes, yielding an estimate of the level of
locomotor activity.
Manic-like behavior
Manic-like behavior was assessed based on the
method of Pathak et al. [15]: 6 to 7-week-old
male ICR mice were given daily injections for
5 days of vehicle (Veh, 0.9% NaCl) in the Veh
group, or 1.8 mg/kg D-amphetamine in the
amphetamine-only (Amp) group and in the lTHP treatment groups. This was followed by
withdrawal from all groups the vehicle or Damphetamine injections for 7 days to induce
sensitization toward D-amphetamine in the
Amp group and l-THP treatment groups. At 30
minutes prior to locomotor activity testing with
the ZIL-2 apparatus in order to assess
hyperactivity as an indication of manic-like
behavior, the Veh group and Amp group were
administered with Veh p.o., and the l-THP
treatment groups were administered with 0.05 0.2 mg/kg l-THP p.o.. At 10 minutes prior to
testing, the Veh group received vehicle i.p., and

both the Amp group and the l-THP treatment
groups received 0.9 mg/kg i.p. amphetamine.
Horizontal wire test
Male ICR mice 4 to 6 weeks old were randomly
separated into groups. Vehicle (0.9 % NaCl
p.o.), 0.5-30.0 mg/kg p.o. l-THP or dl-THP, or
1 or 3 mg/kg diazepam i.p. was administered 45
minutes prior to the test. Each mouse was lifted
by the tail and allowed to grasp on to a
horizontally strung wire (1 mm diameter, 20 cm
long and 20 cm above the table) with its
forepaws and released. For each animal, the
number of falls made within 60 seconds was
recorded. Increased number of falls provided an
indication of muscle relaxation [8].
Radioligand binding assays
Synaptosomal membranes prepared from male
Sprague-Dawley rat cerebral cortex [16], were
employed for radioligand binding assays using
the GABAA receptor BZ-site ligand [3H]flunitrazepam or dopamine D2-like receptor
ligand [3H]-spiperone as previously described
[11]. Half-maximal inhibition by l-THP or dlTHP (IC50) was determined by non-linear
regression using Prism 5.0 (GraphPad
Software). Ki values were calculated from
Ki=IC50/ [1+([3H]/Kd)], where [3H] was the
concentration of [3H]-ligand, and Kd the
dissociation constant of the [3H]-ligand. The Kd
for [3H]-flunitrazepam was derived from Huen
et al. [17], and that for [3H]-spiperone from
Chatterjee et al. [18].
HPLC analysis
The HPLC system employed in this study
consisted an Agilent system with G1311B
pump, G1329B sample injector and G4212B
detector, and a Lab Advisor Software (Agilent,
Santa Clara CA, USA). The column used was a
CHIRALPAK®AD-H
column
(250mm×4.6mm ID, 5µm, Daicel Chiral
Technologies, Shanghai, China), with hexaneisopropanol (2:8, v/v) as mobile phase, flow-
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rate of 1.0 ml min−1, and monitoring of effluent
at 210 nm. Peak identification was performed
based on retention time and comparison of the
UV spectrum of eluted compounds against
standard spectra. The ratio between d- and lTHP was determined by comparison of the
areas under the elution curve.
Data analysis
Results were expressed as mean±standard error
of the mean (S.E.M.). One-way ANOVA test
was performed on behavioral data and, where
significance was reached (p<0.05), multi-group
comparisons were made using the NewmanKeuls’ test.

Results
Anxiolytic effect of l-THP
In the elevated plus-maze test for anxiety, ICR
mice treated with oral l-THP displayed dosedependent anxiolysis up to p<0.001 at doses of
0.1-2.5 mg/kg based on increased time spent in
the open arms, peaking at 0.50 mg/kg with
40.2±4.65 % time spent in open arms compared
to 14.1±1.47 % time spent by controls.
Diazepam (DZ), a BZ site agonist employed as
positive control, induced significant anxiolytic
effect (p<0.001) at 1 mg/kg and 3 mg/kg with
46.0±5.53% and 75.1±5.24 % time spent in the
open arms respectively (Figure 1A). Coadministration of flumazenil (1.25 mg/kg, i.p.),
a BZ-site antagonist, completely blocked the
anxiolytic effect induced by 1 mg/kg l-THP
(Figure 2A). dl-THP displayed dose-dependent
anxiolysis at 1.0-2.0 mg/kg, peaking at 2.0
mg/kg with 45.8±5.36% time spent in open
arms compared to 14.1±1.47 % time spent by
controls (Figure 1B), whereas there was no
anxiolysis by d-THP up to 5.0 mg/kg (Figure
1C).
Antidepressant effect of l-THP
In the tail suspension test for depression, mice
treated with oral l-THP displayed an

antidepressant effect at 0.5-5.0 mg/kg based on
immobility time. The effect began at 0.5 mg/kg
l-THP (p<0.01), and peaked at 2.0 mg/kg
yielding an immobility time of 29.6±5.31 s
compared to 78.9±5.85 s for the controls
(p<0.001) (Figure 3A). Imipramine (Imi), a
tricyclic antidepressant drug, exhibited
significant antidepressant effect (p<0.001) at 30
mg/kg p.o. with an immobility time of
26.7±6.00 s (Figure 3A). The dl-THP displayed
antidepressant effects at 2.0-5.0 mg/kg (Figure
3B), but not at 1.0 mg/kg, whereas there was no
antidepressant effect by d-THP up to 5.0 mg/kg
(Figure 3C). The antidepressant effect of 0.5
mg/kg l-THP, yielding an immobility time of
39.5±9.23 s was comparable to the
antidepressant effect of 5.0 mg/kg dl-THP
yielding an immobility time of 44.0±7.17s
(Figure 3A,B). Co-administration of flumazenil
antagonized the antidepressant effects of both lTHP and dl-THP (Figure 2B).
Enhancement of social behavior
In Crawley’s three-chamber behavioral tests,
0.1 mg/kg l-THP enhanced sociability as
indicated by significant increases (p<0.05) in
the percentile number of visits and duration
displayed by the test mice with stranger-1
mouse (Figure 4B). The same dosage of l-THP
also enhanced preference for social novelty as
indicated by significant increases (p<0.05) in
the percentile number of visits and duration
displayed by the test mice with stranger-2
mouse (Figure 4B). In comparison, 0.5 mg/kg lTHP only enhanced sociability in terms of a
significant increase (p<0.05) in the percentile
number of visits by the test mice with stranger1 mouse in the test (Figure 4A,B).
Reduction of manic-like
amphetamine-sensitized mice

behavior

of

In the locomotor activity test, amphetaminesensitized mice displayed significant hyperlocomotor activity relative to Veh treated-mice
(p<0.001). Oral treatment of the amphetaminesensitized mice with 0.05 mg/kg l-THP induced
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a decrease in the hyper-locomotor activity to
p<0.01, and 0.1 or 0.2 mg/kg l-THP also
decreased the hyper-locomotor activity to
p<0.05 (Figure 5).
Figure 1: Anxiolytic effect of l-THP measured
using the elevated plus-maze test. Percentage of
time spent in open arms during a 5-minute
period by mice treated with oral l-THP (Part A),
oral dl-THP (Part B), d-THP (Part C), diazepam
(DZ) or vehicle (Veh, 0.9% NaCl) is shown in
red, blue, purple, green or orange respectively.
n=12-25 mice in each treatment group. Data are
expressed as mean ±S.E.M.; **p<0.01 and***
p<0.001 indicate significant difference between
Veh group and treated groups based on
Newman-Keuls’ test after one-way ANOVA.
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Locomotor activity and myorelaxant effect

Inhibition of radioligand
membrane receptors

binding

to

Oral treatment with up to 2.5 mg/kg l-THP or
dl-THP did not bring about any significant
alteration in the recorded locomotor activity in
the infrared-beam test. In contrast, DZ at 3
mg/kg induced a significant decrease (p<0.05)
in locomotor activity. In the horizontal wire
test, no myorelaxant effect was induced by up
to 10 mg/kg l-THP or dl-THP. However,
increased numbers of falls were observed at 30
mg/kg of l-THP or dl-THP (p<0.01), or 3 mg/kg
DZ (p <0.05) (Figure 6A,B).

Presence of l-THP inhibited the binding of the
dopamine D2-like receptor ligand [3H]spiperone to rat cerebral cortex membranes
with Ki of 5.10μM, and inhibited the binding of
GABAA receptor BZ-site ligand [3H]flunitrazepam with Ki of 368 μM. Similarly, dlTHP inhibited the binding of [3H]-spiperone
with Ki of 4.27 μM, and inhibited the binding of
[3H]-flunitrazepam with Ki of 494 μM (Figure
7).

Figure 6: Lack of side effects of l-THP and dlTHP. (A) Locomotor activity test. Locomotor
activity level of mice treated with oral l-THP
(0.01-2.5 mg/kg), DZ (1 or 3 mg/kg) or vehicle
(Veh, 0.9% NaCl). (B) Horizontal wire test.
Number of falls by mice treated with oral l-THP
(0.01 - 30 mg/kg), DZ (3 mg/kg,) or vehicle
(Veh, 0.9% NaCl). Data are expressed as
mean±S.E.M.; *p<0.05, **p<0.01 indicate
significant difference between Veh group
(orange) and treatment by l-THP (red), dl-THP
(blue) or DZ (green). n= 12-20 mice per group
in both Part A and Part B.

Figure 7: Inhibition of [3H]-spiperone or [3H]flunitrazepam binding to rat cerebral cortex
membranes by l-THP and dl-THP. Inhibition of
[3H]-spiperone binding (solid lines) by l-THP
(red solid circle) or dl-THP (blue solid circle)
yielded half-inhibitory Ki of 5.10±1.17 µM or
4.27±1.41 µM respectively. Inhibition of [3H]flunitrazepam binding (dashed lines) by l-THP
(red open circle) or dl-THP (blue open circle)
yielded half-inhibitory Ki of 367±1.30 µM or
493±1.42 µM respectively. Each data point
represents mean ±S.E.M. of three independent
experiments each performed in duplicates.
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HPLC analysis of dl-THP
As indicated in Supplementary Figure 8, HPLC analysis of the dl-THP preparation employed yielded
51.0% d-THP and 49.0% l-THP.

Discussion
In the present study, acute oral administration
of l-THP was found to elicit anxiolytic (at 0.12.5 mg/kg) and antidepressant (at 0.5-5.0
mg/kg) effects. Oral administration of l-THP
also decreased the hyper-locomotor activity of
amphetamine-sensitized mice, indicating the
presence of an anti-manic-like effect (Figure 5).
In Crawley’s three-chamber behavioral tests,
0.1 and 0.5 mg/kg oral l-THP significantly
enhanced the sociability of mice, and 0.1 mg/kg
oral l-THP significantly enhanced the
preference for social novelty (Figure 4).
Importantly,
over
the
anxiolytic,
antidepressant, anti-manic and social behaviorenhancing oral dose ranges tested, l-THP did
not induce any significant alteration in the level
of locomotor activity, or any significant
myorelaxant effect based on the horizontal wire
test (Figure 6). These results suggest that l-THP
represents a candidate therapeutic agent for the
treatment of anxiety, depression and bipolar
disorders.
Although dl-THP also elicited anxiolytic and
antidepressant effects on mice, its minimum
effective dosage was ten-fold that of l-THP (1.0
mg/kg versus 0.1 mg/kg) for anxiolysis (Figure
1), and four-fold that of l-THP (2.0 mg/kg
versus 0.5 mg/kg) for reduction of immobility
time (Figure 3). The lack of any significant
effect by d-THP in either case would explain in

part the greater efficacy of l-THP compared to
dl-THP. In addition, pharmacokinetic and
pharmacodynamic differences between l-THP
and dl-THP could also be a contributing factor.
In rats, it was reported that the concentration of
l-THP in plasma and different brain regions was
3-5 fold that of dl-THP [19], and the jejunum
absorption rate of l-THP was about 20% higher
than that of dl-THP [20].
As well, since there were close to equal
amounts of d-THP and l-THP in dl-THP
(Supplementary Figure 8), and d-THP was
devoid of any anxiolytic or antidepressant
activity in the tested dose ranges, it could not be
ruled out that d-THP might antagonize to some
extent the anxiolytic and antidepression actions
of l-THP. Notably, it has been found that l-THP
and d-THP exert different effects in the central
nervous system, with d-THP acting as a
dopamine depletor in the striatum, and l-THP as
a non-selective dopamine receptor antagonist
[21]. While l-THP interacts with the GABAA,
alpha-1 adrenergic, alpha-2 adrenergic and 5HT1A receptors [22], the receptor-activity
profile of d-THP or dl-THP has not been
investigated as widely. Thus, different profiles
of l-THP and dl-THP in their interactions with
various neuroreceptors may also be a factor for
their dissimilar anxiolytic and antidepressant
effects.
Previously, it was found that flumazenil
antagonized fully or partially the anxiolytic
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effect induced by dl-THP in mice [8], or rats
[9]. Figure 2 shows the extensive inhibition of
both the anxiolytic and antidepressant effects of
l-THP and the antidepressant effect of dl-THP
by co-administration of 1.25 mg/kg i.p.
flumazenil, suggesting that these effects could
be mediated by the BZ site of GABAA
receptors. However, l-THP inhibited the
binding of [3H]-spiperone, a ligand of
dopamine D2-like receptors, to rat cerebral
cortex membranes with Ki of 5.10μM, but
inhibited [3H]-flunitrazepam, a ligand of the BZ
site of GABAA receptors, with a much higher
Ki of 368 μM (Figure 7). Therefore, although
the inhibition of anxiolytic and antidepressant
actions of l-THP by flumazenil pointed to the
mediation of these actions by GABAA
receptors, the more efficient binding of l-THP
to dopamine D2-like receptors compared to
GABAA receptors suggests that l-THP might
bind to dopamine D2-like receptors that activate
downstream GABAA receptors to induce the
anxiolytic and antidepressant actions, possibly
with some participation of GABAA-mediated
astrocytic gliotransmission in neuronal
functions [23,24].

Conclusion
The present study demonstrated that l-THP
exerted anxiolytic, antidepressant and antimanic like effects on mice. Antidepressants in
current usage include selective serotonin
reuptake inhibitors/serotonin-norepinephrine
reuptake inhibitors (SSRI/SNRI), which require
2-4 weeks to produce therapeutic effects. In
view of this, patients may require treatment
with anxiolytic benzodiazepines to achieve
rapid symptom relief before the SSRI/SNRI
becomes effective [25-27]. Since l-THP is fastacting on anxiety assessed by the elevated plusmaze test (Figure 1), depression assessed by the
tail-suspension test (Figure 3) or Crawley’s
three-chamber behavioral tests (Figure 4), as
well as manic-like behavior (Figure 5)
unaccompanied by significant side effects in the
form of altered locomotor activity or muscle
weakness (Figure 6), it merits further

investigation as a fast-acting candidate agent
for the treatment of anxiety, depression or
bipolar disorder.
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