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Abstract

Curcuma longa is a major constituent of Xiaoyao-san, the traditional Chinese medicinal formula, which has been used to effectively manage
stress and depression-related disorders in China. Curcumin is the active component of curcuma longa, and we hypothesized that curcumin would
have an influence on depressive-like behaviors. The purpose of the present study was to confirm the putative antidepressant effect of chronic
administrations of curcumin (1.25, 2.5, 5 and 10 mg/kg, p.o.) in the forced swimming test and bilateral olfactory bulbectomy (OB) models of
depression in rats. In the first study, chronic treatment with curcumin (14 days) reduced the immobility time in the forced swimming test. In the
second experiment, curcumin reversed the OB-induced behavioral abnormalities such as hyperactivity in the open field, as well as deficits in step-
down passive avoidance. In addition, OB-induced low levels of serotonin (5-HT), noradrenaline (NA), high 5-hydroxyindoleacetic acid (5-HIAA)
and 4-dihydroxyphenylacetic acid (DOPAC) in the hippocampus were observed, and were completely reversed by curcumin administration. A
slight decrease in 5-HT, NA and dopamine (DA) levels was found in the frontal cortex of OB rats which was also reversed by curcumin treatment.
These results confirm the antidepressant effects of curcumin in the forced swim and the OB models of depression in rats, and suggest that these

antidepressant effects may be mediated by actions in the central monoaminergic neurotransmitter systems.
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1. Introduction

Depressive disorders are among the most frequently
occurring psychiatric diseases with prevalence rates between
9% and 18% in the Western world (Schloss and Henm, 2004).
Although the current pharmacotherapy of depression includes a
battery of drugs, many are inconsistently effective and can
exert undesirable side effects. The development of safe and
powerful antidepressant agents from traditional herbs may
therefore alleviate some of the side effects that accompany
antidepressant drugs.

Many traditional Chinese medicines, such as Xiaoyao-san,
have been used successfully to manage depressive disorders
(Kong et al., 2001; Chen and Tang, 2004). Curcuma longa is
commonly found in Chinese herbal medicines including
Xiaoyao-san, which is used to promote the flow of liver ¢i
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and treat the symptoms of mental stress, hypochondriac
distensive pain and mania. The antidepressant effects of
curcuma longa have also been investigated with behavioral
despair tests in mice (Yu et al., 2002). As the major constituent
of curcuma longa, curcumin possesses many therapeutic
properties including antioxidant, anti-inflammatory, immuno-
dulatory and neuroprotective activities (Motterlini et al., 2000;
Thiyagarajan and Sharma, 2004). However, information
regarding the antidepressant activity of curcumin is lacking.
Previous studies have shown that curcumin inhibits the activity
of monoamine oxidase (MAQ) in C6 glial cells; MAO plays a
central role in several psychiatric neurological disorders,
including clinical depression and anxiety (Mazzio et al.,
1998). There is evidence that MAO inhibitor-induced increases
in monoaminergic neurotransmission can alleviate clinical
depression (Dar and Khatoon, 2000).

We assessed the antidepressant effect of curcumin in a pilot
study and observed that acute administration of curcumin (2.5,
5 and 10 mg/kg, p.o.) significantly decreased the immobility
time in the forced swim test and tail suspension test in mice,
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indicating a possible antidepressant effect (unpublished
results). Based on these results, in the current study we
assessed the antidepressant effects of chronically administered
curcumin in the forced swim test and bilateral olfactory
bulbectomy (OB) rat models of depression. In addition,
because the central monoaminergic systems are believed to
contribute to the etiology of depression, the concentrations of
monoamines in the hippocampus and the frontal cortex of sham
control and OB rats following chronic curcumin administration
were examined.

2. Materials and methods
2.1. Animals

Male Sprague—Dawley rats (200—250 g) were obtained
from the Department of Laboratory Animal Science, Peking
University Health Science Center (Beijing, China). The
animals were housed six per cage under standard colony
conditions, with a 12 h light/dark cycle and ad libitum food and
water. They were allowed to acclimatize to the colony for at
least 7 days prior to any experimentation. The experiment
procedures were in compliance with the National Institutes of
Health Guide for Care and Use of Laboratory Animals and
with the European Communities Council Directive of 24
November 1986 (86/609/EEC).

2.2. Drugs and drug administration

Curcumin, imipramine hydrochloride, 5-hydroxytryptamine
(5-HT), noradrenaline (NA), dopamine (DA), 5-hydroxyindo-
leacetic acid (5-HIAA) and 4-dihydroxyphenylacetic acid
(DOPAC) were purchased from Sigma Chemical Co., (USA).
For oral (p.o.) administration, curcumin was dissolved in
peanut oil and diluted to the desired concentration on the day of
experiment. For intraperitoneal (i.p.) injection, imipramine was
dissolved in double-distilled water. In this study, various doses
of curcumin (1.25, 2.5, 5, 10 mg/kg) were administered (p.o.)
and imipramine (10 mg/kg) was injected (i.p.) for 14 days. The
experiments were conducted 60 min after the last drug
treatment. In a preliminary experiment, peanut oil and
redistilled water were used as control treatments and the
behavioral data did not differ between the rats that received the
two vehicle solutions. Therefore, we chose to present only the
peanut oil control group data for comparison.

2.3. Forced swim test

On the 14th day of chronic curcumin administration, the
forced swim test was performed. This study was carried out in
rats (n=8/group) according to the methods described by
Porsolt et al. (1978). Briefly, rats were placed individually in
glass cylinders (height: 40 cm, diameter: 18 ¢cm) containing 23
cm of water at 25 °C. Fifteen minutes later, rats were removed
and dried before being returned to their home cages. The
animals were replaced in the cylinders 24 h later, and the
procedure was repeated, but on this occasion the duration that

the rats remained immobile during a 5-min observation period
was recorded.

2.4. Olfactory bulbectomy

After a week of acclimation to the vivarium, bilateral
olfactory bulbectomy was performed in rats (n=6—7/group)
anesthetized with 2.5% w/v tribromoethanol (10 mg/kg, i.p.)
essentially as described by Nowak et al. (2003). Briefly,
following exposure of the skull, holes were drilled 7 mm
anterior to bregma and 2 mm on either side of the midline at a
point corresponding to the posterior margin of the orbit of the
eye. The olfactory bulbs were removed by suction, the holes
were filled with haemostatic sponge in order to control the
bleeding and the scalp was sutured. To prevent infection, the
animals were given 40,000 [U/kg of procaine penicillin by
intramuscularly injection after surgery. Sham-operated animals
received the same surgical treatment, but the bulbs were left
intact. The animals were given 14 days to recover following the
surgery prior to drug administration, and they were handled
daily by the experimenter throughout the recovery period to
reduce stress and/or aggressive behavior.

2.5. Open field test

OB and sham control rats were subjected to an open field
test on the 14th day of chronic curcumin administration. Each
rat was placed individually into the center of the open field
apparatus. This apparatus was essentially as described by
Redmond et al. (1999) with a slight modification. The open
field apparatus consisted of a 80-cm diameter arena with 75-cm
high aluminum walls, divided into 10 cm®. A 60 W light bulb
was positioned 90 cm above the base of the arena, and
provided the only source of illumination in the testing room.
Each animal was placed in the center of the open field
apparatus, and the ambulation scores (the number of squares
crossed) and the number of rearings and peepings were
measured during a 3-min period.

2.6. Passive avoidance test

OB and sham control rats were also subjected to step-down
passive avoidance training and testing on the 14th day of
chronic curcumin administration. The procedures were similar
to those described by Pilc et al. (2002). The apparatus consisted
of an open box (50 x50 x50 cm?®) with black walls and a
stainless steel grid floor. The electrified rods were 1.2 cm apart
and were connected to the terminals of a shock generator that
delivered square wave pulses with a constant voltage. The
delivered shock had constant intensity (0.75 mA) and lasted 1
s. Awooden platform (12 x 12 x 4 cm®) was in the center of the
box. Each rat was placed on this platform, and when it stepped
off the platform with all four paws it received an electric shock.
The animal was immediately removed from the experimental
apparatus and placed in its home cage. After 30 s, the next trial
was initiated. Each rat was trained until it learned to remain on
the platform for 1 min or for 15 trials, whichever occurred first.
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The total number of training trials required for the rat to reach
the 1 min criterion was recorded as the learning index. Rats that
did not learn to avoid the shock for >1 min were given the
maximum score of 15.

2.7. Determination of monoamines and metabolites

Following behavioral testing, the sham-operated and OB-
operated rats were decapitated and their brains were rapidly
removed and frozen on dry ice. Brain regions containing the
frontal cortex and hippocampus were dissected on a cold plate
(=16 °C) (Franklin and Paxinos, 1997). The tissue samples
were weighed and stored at —80 °C until homogenization.

Serotonin (5-HT), NA, DA, 5-HIAA and DOPAC levels in
frontal cortex and hippocampus were measured as described
previously (Nitta et al., 1992) using high-performance liquid
chromatography (HPLC) with electrochemical detection, with
minor modifications. Briefly each frozen tissue sample was
homogenized by ultrasonication in 200 ul of 0.4 M perchloric
acid (solution A). The homogenate was kept on ice for 1 h and
then centrifuged at 12,000 x g (4 °C) for 20 min, and the pellet
was discarded. An aliquot of 160 pl of supernatant was added
to 80 pl of solution B (containing 0.2 M potassium citrate, 0.3
M di-potassium hydrogen phosphate and 0.2 M EDTA). The
mixture was kept on ice for 1 h and then centrifuged at
12,000 x g (4 °C) for 20 min again. Twenty microliters of the
resultant supernatant was directly injected into an ESA liquid
chromatography system equipped with a reversed-phase Cig
column (150 x4.6 mm I.D., 5 um) and an electrochemical
detector (ESA CoulArray, Chelmstord, MA, USA). The
detector potential was set at 50, 100, 200, 300, 400, 500 mV,
respectively. The mobile phase consisted of 125 mM citric
acid-sodium citrate (pH 4.3), 0.1 mM EDTA, 1.2 mM sodium
octanesulfonate and 16% methanol; the flow rate was 1.0 ml/
min. The tissue levels of monoamines were expressed in terms
of nanograms per gram of tissue.

2.8. Statistical analyses

The data are presented as means+standard errors of the
means (S.E.M.). Differences were estimated by one-way
analysis of variance (ANOVA) followed by Dunnet’s ¢-test in
the forced swim test. Data were analyzed using a two-way
ANOVA where drug treatment and bulbectomy were the first
and second factors in the OB test. Individual group differences
were further assessed with the Fishers (least significant
difference) LSD multiple range tests to determine the sources
of any significant ANOVA comparisons. Differences with
P<0.05 were considered statistically significant.

3. Results
3.1. The effects of curcumin in the forced swim task
Chronic curcumin administration reduced, in a dose-

dependent manner, immobility time in the forced swim test
(Fig. 1). Rats that were given daily curcumin doses of 1.25, 2.5,
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Fig. 1. The effects of chronic curcumin administration on the immobility time
in the rat forced swimming test. Rats were given vehicle, curcumin (p.o., at
doses of 1.25, 2.5, 5 and 10 mg/kg) or imipramine (10 mg/kg) for 14 days prior
to testing. 60 min following the last treatment, the immobility time was
recorded during a 5-min period of the swim sessions. The respective percent
reduction in immobility time was 18.7%, 38.7%, 63.5% and 68.9% for
curcumin at 1.25-10 mg/kg and it was 60.6% for imipramine at 10 mg/kg.
Each value represents the mean+S.E.M. of eight rats per group. **P<0.01,
***P<0.01, compared with control group.

5 or 10 mg/kg (p.o.) for 14 days exhibited 18.7%, 38.7%,
63.5% and 68.9% reduced immobility as compared with the
control group, respectively. The effects of curcumin were
similar to those observed for the classical antidepressant
imipramine (10 mg/kg, i.p.). The percentage of inhibition for
rats given imipramine was 60.6% in the forced swim test.

3.2. The effects of curcumin in the open field test in OB rats

In the open field test, an increase in activity (ambulation
counts, rearings and peepings) was found in the OB group as
compared with the sham-operated group. A two-way ANOVA
revealed extremely significant effects of OB surgery [ F(1,56)=
6.60, P<0.05] and curcumin administration [ F(6,56)=15.91,
P<0.001] on ambulation, as well as a curcumin x OB
interaction [ F(5,56)=2.83, P<0.05]. Moreover, there was a
significant attenuation of OB-related hyperactivity in the groups
that were given 5 and 10 mg/kg curcumin. Two-way ANOVAs
also revealed significant effects of OB [F(1,56)=15.07,
P<0.01] and curcumin administration [F(6,56)=6.67,
P<0.01] on the number of rearings and peepings, as well as a
curcumin x OB interaction [ F(5,56)=3.98, P<0.01]. Similarly,
there was also a significant attenuation of OB-related hyperac-
tivity in the 5 and 10 mg/kg curcumin and 10 mg/kg imipramine
administration groups (Table 1).

3.3. The effects of curcumin on passive avoidance in OB rats

As shown in Fig. 2, sham-operated animals learned the
passive avoidance task in approximately four trials. Rats with
bilateral olfactory bulb ablation needed an average of eleven
trials to reach criterion. A two-way ANOVA revealed a
significant effect of OB surgery [F(1,56)=32.16, P<0.01]
and curcumin administration [F(6,56)=3.69, P<0.01] on
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Table 1
The effects of chronic curcumin administration on open field behavior in the
olfactory bulbectomy model of depression in rats

Group Ambulation Number of rearings
counts and peepings
Sham+vehicle 68.0£3.5 11.6+1.2
Sham+1.25 mg/kg curcumin 65.0+4.1 10.0+0.6
Sham+2.5 mg/kg curcumin 67.8£3.6 9.5£0.6
Sham+5 mg/kg curcumin 59.8+6.6 8.7+2.6
Sham+ 10 mg/kg curcumin 58.7+5.0 9.8+1.5
Sham+ 10 mg/kg imipramine 25.0+6.0"" 6.8+1.6"
OB+vehicle 100.8+8.4% 21.8+2.1%
OB+ 1.25mg/kg curcumin 96.8+6.9 20.5+2.4
OB+2.5mg/kg curcumin 79.2+9.5 17.0+4.2
OB+5mg/kg curcumin 61.7+8.7%* 13.3+£2.1*
OB+ 10mg/kg curcumin 51.0+9.5%** 8.5+ 1.2%*
OB+ 10mg/kg imipramine 42.0+£6.4%** 6.4+].2%%*

The open field test was performed 60 min after the last administration of
chronic curcumin or imipramine treatment. Each column represents the
mean+S.E.M. of six to seven rats per group.
# P<0.05, compared with sham+vehicle.
# P<0.01, compared with sham+vehicle.
### p<0.001, compared with sham+vehicle.
* P<0.05, compared with OB +vehicle.
** P<0.01, compared with OB +vehicle.
**% P<0.001, compared with OB +vehicle.

passive avoidance behavior, as well as a significant curcu-
min x OB interaction [ F(5,56)=2.94, P<0.05]. Like imipra-
mine (10 mg/kg), curcumin (5 and 10 mg/kg) administration
attenuated the learning deficit in OB rats.

3.4. The effects of curcumin on monoamine and monoamine
metabolite levels

3.4.1. Hippocampus

The levels of monoamines and monoamine metabolites
detected in the hippocampus are summarized in Table 2. OB
surgery [ANOVA, F(1,56)=24.10, P<0.01] and chronic
curcumin treatment [ANOVA, F(5,56)=4.01, P<0.01] had
significant effects on hippocampal 5-HT levels. Further
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analysis showed that OB surgery resulted in a decrease in
the concentration of 5-HT measured, as compared with sham
controls (P<0.01). Meanwhile, curcumin (5 and 10 mg/kg,
p.o.) administration produced significant increases in 5-HT
levels (P’s<0.01) in the OB rats, but not in sham-operated
rats.

A two-way ANOVA revealed a significant effect of OB
surgery [ F(1,56)=14.87, P<0.01], but not of the curcumin
treatment [ F(5,56)=1.52, P>0.05] on NA levels. The OB-
operated vehicle-treated controls had a decreased mean NA
concentration relative to sham-operated vehicle-treated controls
(P<0.05). There was a trend toward increased NA levels with
increased curcumin dose in the OB-treated groups, however,
the effect was relatively small compared to the large NA deficit
that resulted from OB surgery. A similar trend toward increased
DA levels with increasing curcumin dose was observed in the
OB rats. In addition, OB groups had increased levels of 5-
HIAA and DOPAC (P’s<0.01) relative to their respective
sham control groups. Curcumin treatment at 10 mg/kg
produced a significant decrease in 5-HIAA levels and a trend
toward decreased DOPAC levels. Imipramine induced
increases in 5-HT and NA levels in this region (Table 2).

3.4.2. Frontal cortex

The levels of monoamines and monoamine metabolites
detected in the frontal cortex are summarized in Table 3. A
two-way ANOVA showed a significant effect of OB surgery
[F(1,56)=4.82, P<0.05] and a curcumin x OB interaction
[F(5,56)=2.77, P<0.05] on 5-HT levels in the frontal cortex.
Although no significant difference of curcumin treatment was
found [F(5,56)=1.19, P>0.05], there was a trend towards
decreased 5-HT levels in OB vehicle controls as compared
with sham-operated rats. Moreover, curcumin (5 and 10 mg/
kg) administration significantly elevated 5-HT levels in OB-
operated animals as compared with the respective vehicle
controls (P’s<0.05). There were trends towards decreased
NA and DA levels, and increased 5-HIAA and DOPAC
levels, in OB controls relative to sham controls. Curcumin at

O Control
1.25mg/kg Curcumin
2.5mg/kg Curcumin
* 0 5mg/kg Curcumin
x* * B 10mg/kg Curcumin

M 10mg/kg I mipramine

Fig. 2. The effects of chronic curcumin administration on passive avoidance acquisition in an olfactory bulbectomy model in rats. Passive avoidance training and
testing was initiated 60 min after the last administration of chronic treatment with curcumin or imipramine. Each column represents the mean+S.E.M. from six to
seven rats per group. ##p<0.001, compared with sham control. **P <0.01, compared with OB control.
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Table 2

The effects of chronic curcumin administration on monoamine and monoamine metabolite levels in the hippocampus of OB and sham-operated rats

Group S5-HT 5-HIAA NA DA DOPAC
Sham+vehicle 277.3+26.1 203.9+7.9 310.6+33.2 254.3+19.8 53.47+9.6
Sham+curcumin (1.25 mg/kg) 260.3+25.5 194.5+7.4 312.2+24.7 247.3+26.5 46.3£12.9
Sham+curcumin (2.5 mg/kg) 282.7+36.8 191.2+5.9 301.4+£23.9 257.6+19.95 41.3+8.8
Sham+ curcumin (5 mg/kg) 288.4+30.2 187.3+8.6 322.5+26.1 256.5+22.4 43.6£9.3
Sham+curcumin (10 mg/kg) 297.3+24.4 172.8+11.7 321.4+31.9 264.4+24.7 41.4£8.8
Sham +imipramine (10 mg/kg) 348.8+£30.5 173.2£20.7 347.9+33.4 245.9+20.6 47.2+6.2
OB +vehicle 169.1+7.7% 285.3+27.9" 222.9+22.1% 232.2+22.1 87.6+13.5"
OB +curcumin (1.25 mg/kg) 191.9£25.5 259.2+43.1 224.9+27.7 240.9+24.4 73.8+15.4
OB+ curcumin (2.5 mg/kg) 193.1+18.5 251.6+45.4 235.8+18.0 248.5+24.7 74.1+14.8
OB+ curcumin (5 mg/kg) 245.8+£20.6%* 246.2+£21.9 278.5+£23.9 259.3£17.9 67.9+8.6
OB +curcumin (10 mg/kg) 260.5+17.6% 190.1+33.2* 288.5+24.9 276.9+18.9 61.9£9.9
OB +imipramine (10 mg/kg) 272.5+33.9%* 209.4+18.4 297.5+24.5*% 240.6+19.5 81.7£15.2

Data are expressed as means+S.E.M. in units of ng/g (n=6-7).
# P<0.05, compared with sham+vehicle.

# P<0.01, compared with sham+vehicle.
* P<0.05, compared with OB+ vehicle.

** P<0.01, compared with OB+ vehicle.

10 mg/kg elevated NA and DA levels in the frontal cortex of
OB-operated groups (P’s<0.05 vs. vehicle-treated controls).
Similarly, frontal cortex 5-HT and NA levels were increased
in the OB rats (P’s<0.01 vs. vehicle-treated controls) that
were administered imipramine treatment (10 mg/kg, i.p.)
(Table 3).

4. Discussion

In the present study, the antidepressant effects of curcumin
were evaluated in two behavioral models, the forced swim task
and the OB rat model of depression. Chronic administration of
curcumin resulted in a dose-dependent reduction of the
immobile time in the forced swim test. Curcumin treatment
also reversed the increased activity in the open field test and the
deficit in step-down passive avoidance learning deficit dis-
played by OB rats. These behavioral data are in agreement with
previous work examining the effects of chronic treatment with
both typical and atypical antidepressants (Janscar and Leonard,
1983).

As mentioned earlier, acute curcumin administration was
previously shown to decrease the immobile time in the forced
swim task, which is a behavioral paradigm that has been widely
used as a screening assay for antidepressant activity (Vazquez-
Palacios et al., 2004). In the present study, we demonstrated
that chronic curcumin administration had an effect on
immobility in the forced swim task that was similar to that
seen with the acute treatment. Furthermore, we did not observe
any evidence indicating the development of tolerance to the
drug in rats that were given the drug for 14 consecutive days.
In addition, preliminary studies showed that curcumin admin-
istered in doses effective in the forced swim test did not change
the exploratory activity in the open field test. In fact, the results
observed with curcumin treatment were largely comparable to
those observed with the classical antidepressant drug imipra-
mine. Therefore, our data suggest that curcumin produces
selective antidepressant effects.

The mechanisms underlying the development of depression
in OB rats are not known. However, these effects do not appear
to simply be the result of anosmia as selective ablation of the

Table 3

The effects of chronic curcumin administration on monoamine and metabolite levels in the frontal cortex of OB and sham-operated rats

Group S5-HT S-HIAA NA DA DOPAC
Sham+vehicle 549.5+36.1 180.0+20.3 430.7+65.3 220.9+26.0 46.3+6.8
Sham+ curcumin (1.25 mg/kg) 522.3£19.2 149.1£29.3 401.8+68.5 213.6+£22.9 43.1+6.2
Sham+curcumin (2.5 mg/kg) 513.3+20.1 146.1+31.9 415.2+£78.9 220.4+26.9 48.2+11.5
Sham+ curcumin (5 mg/kg) 497.4+17.5 137.3£24.9 406.7+70.4 212.4+20.4 40.8+7.4
Sham+curcumin (10 mg/kg) 521.3+433 104.9+8.9% 482.5+52.7 222.6+22.3 46.6+9.2
Sham+imipramine (10 mg/kg) 507.4+14.8 85.5+9.1% 486.8+£83.9 184.4£15.0 41.9+8.3
OB+ vehicle 473.1+29.1 216.9+11.4 360.6+52.5 171.8+26.0 75.4+11.8
OB +curcumin (1.25 mg/kg) 502.5+£28.5 210.4+14.5 378.9+£69.4 173.8+20.4 73.5+11.3
OB+curcumin (2.5 mg/kg) 551.9+56.5 206.7+9.6 418.1+79.6 178.1+44.1 69.3£11.7
OB+ curcumin (5 mg/kg) 595.1+£38.8* 195.1£8.2 451.1+53.9 256.7+41.8 69.7+10.6
OB+ curcumin (10 mg/kg) 615.3+36.7* 180.3+11.4 588.2+74.9% 263.9+35.8* 61.6+10.8
Sham +imipramine (10 mg/kg) 631.3+£39.6%* 174.8+11.6 668.5+113.0% 225.9+14.9 67.9+11.3

Data are expressed as mean+S.E.M. in units of ng/g (n=6-7).
# P<0.05, compared with sham+vehicle.
* P<0.05, compared with OB +vehicle.

** P<0.01, compared with OB+ vehicle.
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olfactory sensory receptors does not produce the characteristic
symptoms of OB (Alberts and Friedman, 1972). Neuronal
projections from the olfactory bulbs to the limbic system have a
major influence on emotional behavior. Bilateral olfactory
bulbectomy produces a well-characterized syndrome of behav-
ioral and physiological changes that resemble clinical depres-
sion symptoms (Masini et al., 2004). Of the behavioral changes
that occur following OB, two emerge that respond to
antidepressant compounds in a selective fashion, namely the
passive avoidance deficit and the open field hyperactivity
(Harkin et al., 2003). Moreover, OB produces changes in the
monoaminergic systems throughout the brain that resemble
those seen in depression (Grecksch et al., 1997; Mudunkotuwa
and Horton, 1996). Therefore, compared to other animal
models, the OB rat appears to be a particularly applicable
model for studying the neurobiological basis of depression and
the mechanisms of action of antidepressant drugs.

Although most antidepressants alleviate immobility in the
forced swim test after either acute or chronic treatment, the
reversal of the behavioral deficits in the OB model requires
chronic administration (Mudunkotuwa and Horton, 1996).
Therefore, in the present study, we studied the effect of
chronically administered curcumin. In addition, our pilot
studies focused on the antidepressant effects of curcumin in
naive rodents (data not shown). Because antidepressant drugs
do not show mood-elevating effects in normal healthy human
subjects, it is necessary to assess the activity of this compound
in animal models that simulate certain aspects of depression.
The OB rat is one such model (Redmond et al., 1997). Chronic
administration of curcumin did not result in any observable
behavioral changes in the sham-operated groups in the open
field and step-down passive avoidance tests, but attenuated the
hyperactive response and passive avoidance deficit, in a dose-
dependent manner, in the OB groups. Such interactions
indicate that the behavioral effects of curcumin depend on
the neuropharmacological state of an animal prior to admin-
istration. These curcumin effects were similar to imipramine,
which was used in this study as a positive control. Moreover,
the present results are also consistent with previous studies that
tested the effects of antidepressant treatments in OB rats, such
as desipramine, amitriptyline or mianserin (Iwasaki et al.,
1986; Cairncross et al., 1979).

Antidepressant therapy includes various drugs with diverse
pharmacological mechanisms as well as non-drug treatments
(McLoughlin and Hodge, 1990). However neurobiological
basic research, as well as clinical studies, have indicated that
the monoamine systems (5-HT, NA and DA) are critically
involved in the development of the clinical depression
(Elhwuegi, 2004). Consistent with this view, most anti-
depressive drugs exert their action by elevating synaptic
monoamine concentrations (Schloss and Henm, 2004). There
are many studies indicating that OB reduces in 5-HT and NA
and elevates 5-HIAA; these changes may mediate the
behavioral abnormalities (e.g. hyperactivity and cognitive
deficits) that resemble depression symptoms (Van Rijzingen
et al., 1995). In the present experiment, we focused our interest
on two distinct brain regions, the hippocampus and the frontal

cortex. The involvement of these brain regions in emotional,
motivational, and mnemonic processes may be related to their
involvement in depression (Butterweck et al., 2002). It is
interesting that Kelly et al. (1997) suggested that impaired
hippocampal function and/or hippocampal edema may underlie
memory deficits in OB animals. Magnetic resonance imaging
has revealed alterations in signal intensity in the frontal cortex
of OB rats and these alterations may contribute to the observed
behavioral abnormalities (Wrynn et al., 2000). Hence, these
two regions have been implicated in the behavioral alterations
seen in depression, and changes in monoamine concentrations
in these two regions may be relevant to clinical investigations
of the depressed state.

The present results demonstrated that OB results in
decreased 5-HT and NA levels together with increased 5-
HIAA and DOPAC levels in the hippocampus. Similar changes
were observed in the frontal cortex. Thus, the OB rat appears to
be an appropriate model of hyposerotonergic and hyponora-
drenergic depression (Lumia et al., 1992). Moreover, our data
suggest that chronic curcumin administration (5 and 10 mg/kg)
reverses OB-induced decreases in 5-HT and NA levels in both
the hippocampus and the frontal cortex. Curcumin treatment
also decreased 5-HIAA levels in the hippocampus and the
frontal cortex in OB rats. These regional changes of mono-
amine levels as well as their metabolites (especially of 5-HT
and NA) were similarly reversed by chronic treatment with
imipramine (10 mg/kg).

Generally, the most widely accepted hypotheses of the
biological basis of depression implicate NA or 5-HT system
dysfunction. But the importance of the DA system in the
pathophysiology and treatment of depression should not be
ignored. Serra et al. (1979) proposed the involvement of
dopaminergic presynaptic receptors in the action of antidepres-
sants. In the present study, a significantly increased concentra-
tion of DA in the frontal cortex and a trend towards increased
DA in the hippocampus were observed in OB rats that received
10 mg/kg curcumin. In addition, trends towards decreased
DOPAC levels both in the hippocampus and the frontal cortex
were observed in OB rats with 10 mg/kg curcumin.

Behavioral studies have suggested that reversing the 5-HT,
NA and/or DA deficits in the brain are important for behavioral
restoration in OB rats (Iwasaki et al., 1986). The present results
strongly indicate that the behavioral changes following OB
result from reductions of 5-HT, NA and/or DA, and further
suggest that the effects of curcumin or imipramine on
monoamine levels may be underlie the drugs’ effects on
behavior. Previous studies have indicated that curcumin inhibits
the monoamine oxidase activity (Mazzio et al., 1998).
Therefore, we believe from our findings that curcumin
influenced, at least in part, the metabolism of the three
monoamines, to restore normal monoaminergic function. Of
course, other mechanisms may also increase the availability of
brain monoamines, such as inhibition of monoamine re-uptake.
Therefore, further experiments will be necessary to elucidate the
mechanisms of the putative antidepressant effects of curcumin.

In conclusion, curcumin exerts antidepressant effects in both
animal models studied here, and these effects may be mediated
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by the central monoaminergic neurotransmitter systems. The
convergence of these findings suggest that curcumin may be
useful as a powerful, natural antidepressant agent.
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