
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ABSTRACT 
One of the most common nonmotor symptoms of 
Parkinson’s disease (PD) is depression, which 
affects approximately 35% of patients and may 
significantly impair their quality of life. Curcumin, a 
major active compound of turmeric (Curcuma longa), 
has been found to have several pharmacological 
properties. It has anti-inflammatory activity, inhibits 
monoamine oxidase (MAO), and has neuroprotective 
effects. This compound has already been extensively 
studied in various models of depression and, more 
recently, it has been studied in PD models. 
However, little is known about its effects on 
depression associated with PD. The present study 
investigated the antidepressant-like effect of curcumin 
in an animal model of 6-hydroxydopamine (6-
OHDA)-induced PD. Male Wistar rats received a 
bilateral intranigral infusion of 6-OHDA, and the 
sham group received the vehicle. All of the rats 
were treated for 21 days with 30 mg/kg curcumin 
orally (p.o.) or vehicle (sunflower oil, p.o.) starting 
1 h after surgery. The animals were subjected to the 
forced swim test and the sucrose preference test. 
Curcumin exerted an antidepressant-like effect in 
both tests. Neurochemical analyses were then 
performed. Curcumin increased the levels of 
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dopamine and its metabolites in the striatum. 
Immunohistochemical analysis showed that curcumin 
was able to prevent the death of dopaminergic 
neurons in the substantia nigra pars compacta 
(SNpc). These findings suggest antidepressant-
like and neuroprotective effects of curcumin in the 
animal model of 6-OHDA-induced PD. 
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ABBREVIATIONS  
5-HIAA -   5-hydroxyindoleacetic acid  
5-HT -   Serotonin (5-hydroxytrypatamine) 
6-OHDA -   6-hydroxydopamine  
DA  -   Dopamine 
DHPG  -   Dihydroxyphenylglycol 
DOPAC  -   3,4-dihydroxyphenylacetic acid  
HPLC  -   High-performance liquid  

    chromatography 
HVA  -   Homovanillic acid  
MAO  -   Monoamine oxidase 
NE  -   Norepinephrine 
PBS  -   Phosphate-buffered saline 
PD  -   Parkinson’s disease 
SNpc  -   Substantia nigra pars compacta 
SNr  -   Substantia nigra pars reticulata 
TH  -   Tyrosine hydroxylase 
 
INTRODUCTION 
Parkinson’s disease (PD) is a neurodegenerative 
disorder characterized by dopaminergic neuron loss 
in the substantia nigra pars compacta (SNpc) [1-3]. 
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Curcumin is a major active compound of 
Curcuma longa L. It is a molecule with multiple 
pharmacological properties, such as antioxidant, 
anti-inflammatory and neuroprotective effects [13, 
14]. Based on behavioral and biochemical 
analyses in depression models, curcumin has been 
shown to exert an antidepressant-like effect. 
Curcumin enhanced monoamine levels, promoted 
hippocampal neurogenesis by increasing brain-
derived neurotrophic factor levels, and inhibited 
monoamine oxidase (MAO), an enzyme linked to 
monoamine metabolism [15-17]. Most studies that 
have used PD models have been performed  
in vitro. The neuroprotective effects of curcumin 
have been observed against toxins, such as MPTP 
and 6-OHDA [18, 19]. In vitro studies have 
shown that curcumin is able to bind α-synuclein 
to prevent its aggregation and consequently Lewy 
body formation [20, 21]. In vivo studies also have 
shown that pretreatment with curcumin protects 
against dopaminergic neuron death caused by 
toxin administration in the SNpc [22]. Studies in 
which curcumin treatment was begun immediately 
after toxin exposure found that it inhibited MAO-B 
in the striatum [19]. Curcumin was also shown to 
prevent dopaminergic neuron death by inhibiting 
the glial activation response in the striatum and 
SNpc [23]. 
To date, little is known about the effects of 
curcumin in PD-related depression. Given the 
multiple mechanisms of action of curcumin and 
the multifactorial pathways of depression in PD 
[14], we investigated whether curcumin would be 
effective in an animal model of PD-related 
depression. We injected 6-OHDA bilaterally into 
the SNpc and evaluated whether curcumin could 
protect against the depressive-like effect induced 
by the neurotoxin. To support the behavioral 
studies, neurochemical and immunohistochemical 
analyses were also performed. 
 
MATERIALS AND METHODS 

Animals  
Male Wistar rats, 290-320 g, were used. They 
were randomly housed under standard conditions 
of temperature (22 ± 2 ºC) and illumination  
(12 h/12 h light/dark cycle). They had free access 
to water and food throughout the experiment.  

PD patients exhibit a large number of motor 
impairments associated with the disease, such as 
bradykinesia, tremor at rest, postural instability 
and freezing [2]. However, these patients may 
also develop nonmotor symptoms, including 
olfactory problems, constipation, sleep disorders, 
anxiety, dementia and depression [4]. Depression 
associated with PD occurs in approximately  
35% of PD cases. Depression in PD is related  
to psychosocial stress caused by the disease and 
the neurodegeneration process [5, 6]. This 
neurodegeneration in PD is mainly associated 
with dopaminergic neurons, but serotoninergic, 
noradrenergic and cholinergic systems are also 
involved [6, 7]. The precise etiology of depression 
in PD has not been elucidated, but numerous 
pathways have been linked to this process. In 
major depression, monoaminergic dysfunction, 
neuroinflammation, and neurodegeneration play 
important roles in the disease pathophysiology [8, 
9]. Depression associated with PD appears to be 
associated with an increase in inflammation 
pathways, in which several inflammatory 
mediators are upregulated [6]. This increase could 
result from an uncontrolled process that may 
contribute to neuronal death [10]. Despite the 
importance of serotonin (5-hydroxytrypatamine 
[5-HT]) in major depression, the role of this 
neurotransmitter in PD-related depression has not 
been elucidated [6]. Studies have been 
inconclusive with regard to treating PD-related 
depression with conventional antidepressant drugs 
that inhibit 5-HT reuptake. The depletion of 
tryptophan (i.e., the 5-HT precursor) did not 
promote depressive symptoms in PD patients 
without depression, suggesting that other 
monoamines could be more involved in the 
emergence of this PD symptom [6, 11, 12]. 
Parkinson’s disease patients present impairments 
in dopaminergic pathways related to reward and 
mood systems. A reduction of dopamine levels in 
frontal and subcortical regions has been observed 
in PD patients with depression, thus linking this 
neurotransmitter with PD-related depression [6]. 
Additionally, norepinephrine (NE) appears to play 
an important role in the emergence of PD-related 
depression. Depressive PD patients presented 
greater neurodegeneration in the locus coeruleus, 
a structure linked to noradrenergic function, 
compared with non-depressive PD patients [6]. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Antidepressant-like effect of curcumin in 6-OHDA model            71

doses exerted antidepressant-like effects, the 
30mg/kg dose of curcumin showed the most 
significant effect and the effect was similar to that 
of imipramine treatment. 
The study was divided into two parts (Fig. 1). In 
both experiments, the animals received the same 
treatment schedule as described above. In 
Experiment 1 (n = 10-12/group), all of the rats 
were subjected to the open field test 24 h and 
21 days after stereotaxic surgery. On day 21, the 
training session of the forced swim test was 
conducted. Twenty-four hours later, the test 
session of the forced swim test was performed. 
In Experiment 2 (n = 12-14/group), all of the rats 
were subjected to the sucrose preference test prior 
to surgery to determine the basal values of sucrose 
preference. Rats with sucrose preference < 75% 
were discarded from the study. Rats with sucrose 
preference > 75% underwent stereotaxic surgery. 
The sucrose preference test was performed 7, 14, 
and 21 days after surgery. After the sucrose 
preference test, some of the rats (n = 9-10/group) 
were immediately decapitated, and the striatum 
and hippocampus were dissected. The remaining 
animals (n = 3-4/group) were submitted to a 
perfusion process for immunohistochemistry. 
 

The studies were performed in accordance with 
the guidelines of the Committee on the Care and 
Use of Laboratory Animals, United States National 
Institutes of Health. The protocol complied with 
the recommendations of the Federal University of 
Paraná and was approved by the Institutional 
Ethics Committee (protocol no. 590). 

Experimental design 
The animals were randomly distributed into the 
following four groups (n = 9-14/group): sham-
vehicle, sham-curcumin, 6-OHDA-vehicle and  
6-OHDA-curcumin. All of the rats underwent 
stereotaxic surgery. The treatment began one hour 
after surgery when the rats recovered from 
anesthesia, ending 21 days later. The animals 
orally (p.o.) received 30 mg/kg curcumin (Sigma, 
St. Louis, MO, USA) or vehicle (sunflower oil) 
daily between 9:00 AM and 10:00 AM. The 
curcumin dose was based on a pilot study performed 
in our laboratory (unpublished data). Three 
different concentrations of curcumin (10, 20, and 
30 mg/kg, p.o.) were tested in an acute administration 
protocol. After three administrations (24, 8 and  
1 h before the test), the rats were subjected to the 
forced swim test. Although all three curcumin 
 

A 

 
 
B 

 
Fig. 1. Experimental design. Experiment 1 (A) and experiment 2 (B). OFT – open field test; mFST(tr) – 
modified forced swim test training session; mFST(test) – modified forced swim test session; SPT – sucrose 
preference test; S-H – dissection of striatum and hippocampus. 
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animal, the water was changed to avoid any 
influence. This procedure is a modification [26] of 
the method proposed by Porsolt et al. [27]. 

Sucrose preference test 
To verify anhedonia-like behavior, the sucrose 
preference test was performed [28]. The animals 
were transferred to individual housing cages with 
free access to food. Each rat was provided with 
two bottles of water on the extreme sides of the 
cage during the 24 h training phase to adapt the 
rats to drinking from two bottles. After training, 
one bottle was randomly switched to contain 1% 
sucrose solution, the bottles were weighed before 
being presented to the rats and after 24 h. Fluid 
consumption was quantified by calculating the 
difference in the weights of the bottles after 24 h 
(% sucrose preference = sucrose intake × 100/ 
total intake). The experiment was conducted 
before surgery to obtain baseline values and 
subsequently performed weekly until day 21, 
always between 9:00 AM and 10:00 AM. Animals 
with sucrose preference < 75% in the baseline 
assessment were discarded from the study. 

Determination of dopamine, norepinephrine, 
serotonin and metabolite concentrations 
We used reverse-phase high-performance liquid 
chromatography (HPLC) with electrochemical 
detection to measure the levels of DA, homovanillic 
acid (HVA), 3,4-dihydroxyphenylacetic acid 
(DOPAC), NE, dihydroxyphenylglycol (DHPG), 
5-HT and 5-hydroxyindoleacetic acid (5-HIAA) 
in the hippocampus and striatum. On day 21, the 
rats were decapitated, and encephalic structures 
were dissected and stored at −80 ºC until processed 
for neurochemical quantification. The HPLC 
system consisted of a Synergi Fusion-RP C-18 
reverse-phase column (150 mm x 4.6 mm inner 
diameter, 4 μm particle size) fitted with a 4 mm x 
3.0 mm pre-column (Security Guard Cartridges 
Fusion-RP), an electrochemical detector (ESA 
Coulochem III Electrochemical Detector) equipped 
with a guard cell (ESA 5020) with the electrode 
set at 350 mV, a dual-electrode analytical cell 
(ESA 5011A), and a LC-20AT pump (Shimadzu) 
equipped with a manual Rheodyne 7725 injector 
with a 20 μl loop. A 25 ºC control temperature 
was maintained inside the column. The cell 
contained two chambers in series. Each chamber
        
 

Stereotaxic surgery 
6-OHDA was infused into the SNpc during 
stereotaxic surgery. All of the animals were 
anesthetized with equitesin (chlornembutal, 0.3 ml/kg, 
intraperitoneal), and 6-OHDA was bilaterally 
infused (6 μg in 1 μl of cerebrospinal fluid added 
to 0.2% ascorbic acid) using a 27-gauge needle 
attached to a 10 μl syringe (Hamilton, USA).  
The following coordinates were used for the 
SNpc: anterior/posterior, –5.0 mm from bregma; 
medial/lateral, ± 2.1 mm from the midline; 
dorsal/ventral, 8 mm from the skull [24]. To 
prevent reflux of the neurotoxin, the needle was 
kept at the infusion site for 2 min after completion 
of the procedure. The sham groups also underwent 
the same procedure but received artificial 
cerebrospinal fluid instead of 6-OHDA. 

Open field test 
The apparatus consisted of a circular, 100 cm 
diameter, 45 cm high arena, with the floor divided 
into 19 units. The animals were gently placed 
always in the same unit of the open field and 
allowed to freely explore the arena for 5 min. Two 
motor parameters were recorded throughout this 
test: locomotion frequency (i.e., the number of 
crossings from one unit to another) and rearing 
frequency (i.e., the number of times the animals 
stood on their hind paws). The open field was 
washed with a 5% water-ethanol solution before 
the behavioral tests to eliminate possible bias 
caused by odors left by previous rats. This test 
was performed according to Experiment 1, as 
explained in experimental design, 24 h and 21 days 
after stereotaxic surgery. 

Modified forced swim test 
The modified forced swim test is often used to 
screen antidepressant drugs [25]. This test was 
performed 22 days after stereotaxic surgery. The 
animals were subjected to a 15 min training 
session on day 21. They were placed in a tank of 
25 cm diameter and 60 cm height that contained 
water at a temperature of 24 ± 1 ºC and depth of 
25 cm. Twenty-four hours prior to the training 
session, the rats were subjected to the forced swim 
test for 5 min. The entire experiment was filmed, 
and immobility, climbing and swimming parameters 
were analyzed and quantified. After testing each 
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10 min. The sections were washed again with  
0.1 M PBS for 10 min, and the reaction was 
stopped with blocking buffer (30 ml of 0.1 M 
PBS, 84 µl Triton X-100, and 450 µl normal goat 
serum). After blocking, the slices were incubated 
overnight in a solution that contained the primary 
antibody TH. The next day, the sections were 
washed five times for 5 min each with 0.1 M PBS 
solution and subsequently incubated for 2 h with 
the secondary antibody biotin. After 2 h, the slices 
were washed again three times for 10 min each 
with 0.1 M PBS and then incubated in a solution 
of Complex AB (five drops of Reagent A, 30 ml 
of PBS + Triton, and 5 drops of Reagent B) for 2 h. 
The slices were washed again with 0.1 M PBS for 
10 min, and the samples were incubated with 
DAB (3,3-diaminobenzidine) for 6-8 min. Finally, 
the slices were washed with 0.1 M PBS (three 
times for 5 min each and three times for 10 min 
each). The sections were mounted on gelatin-
coated slides and dried for 48 h. The slices were 
dehydrated in alcohol and cleared in xylene (5 min 
for each solution). The slides were then covered 
with entellan, coverslipped, and analyzed using an 
optical microscope by comparing the number of 
TH-positive cells in the SNpc in all of the groups. 

Statistical analysis 
Differences between groups in the open field test 
and forced swim test were analyzed using one-
way analysis of variance (ANOVA) followed by 
the Newman-Keuls post hoc test. The sucrose 
preference test data were analyzed using two-way 
ANOVA followed by the Bonferroni post hoc 
test. The neurochemical and histological data 
were analyzed using one-way ANOVA followed 
by the Newman-Keuls test. The data are expressed 
as mean ± standard error of the mean (SEM). The 
level of significance was set at p ≤ 0.05. 
 
RESULTS 

Open field test 
With regard to locomotor activity (Table 1) 24 h 
after stereotaxic surgery, rearing frequency 
(F3,40 = 7.769, p = 0.0003) and locomotion frequency 
(F3,40 = 11.49, p < 0.0001) were reduced in the  
6-OHDA groups compared with sham rats (p < 0.01). 
In the second measure performed on day 21,  

included a porous graphite coulometric electrode, a 
double counter electrode and a double reference 
electrode. Oxidizing potentials were set at 
100 mV for the first electrode and 450 mV for the 
second electrode. The tissue samples were 
homogenized with an ultrasonic cell disrupter 
(Sonic) and 0.1 M perchloric acid that contained 
0.02% sodium metabisulfite and an internal 
standard. After centrifugation at 10,000 x G for  
30 min at 4 ºC, 20 μl of the supernatant was injected 
into the chromatograph. The mobile phase,  
with a flow rate of 1 ml/min, had the following 
composition: 20 g citric acid monohydrate (Merck), 
200 mg octane-1-sulfonic acid sodium salt 
(Merck), 40 mg ethylenediaminetetraacetic acid 
(EDTA; Sigma), and 900 ml HPLC-grade water. 
The pH of the buffer running solution was 
adjusted to 4.0, and the solution was filtered 
through a 0.45 μm filter. Methanol (Merck) was 
added to give a final composition of 10% methanol 
(v/v). The neurotransmitter and metabolite 
concentrations were calculated using standard 
curves that were generated by determining the 
ratios between three different known amounts of 
the internal standard in triplicate. The units are 
expressed as µg/g of wet weight. 

Immunohistochemistry 
Midbrain dopaminergic cells were assessed using 
tyrosine hydroxylase (TH) immunohistochemical 
stain according to Reksidler et al. [29]. After the 
animals were anesthetized with thiopental, saline 
was intracardially infused, followed by a 4% 
paraformaldehyde fixative solution. Subsequently, 
the brains were removed and immersed in fixative 
solution for 3 days at 4 ºC. Paraformaldehyde was 
changed daily until the third day of the procedure. 
During 3 days, the brains were placed in a 30% 
sucrose solution for 48 h. Four sections of 30 μm 
thickness were cut on a cryostat in the coronal 
plane covering about 360 μm (–4.92 to –5.28 from 
bregma) of the midbrain [24]. These coordinates 
correspond to the maximal extent of the dopaminergic 
neurons within the SNpc. The samples were 
placed on a plate with wells, and each well 
contained four slices of the brain from each 
animal. The slices were washed three times with 
0.1 M phosphate-buffered saline (PBS) solution 
for 10 min each. Endogenous peroxidase was 
blocked with a H2O2 + distilled water solution for 
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Determination of dopamine, norepinephrine, 
serotonin and metabolite concentrations 
Striatal DA concentrations (F3,37 = 9.805, p = 0.0002) 
decreased in the 6-OHDA-vehicle group compared 
with both sham groups (p < 0.001). The 6-OHDA-
curcumin group exhibited an increase in DA 
concentrations compared with the 6-OHDA-
vehicle group (p < 0.01). However, DA levels  
in the striatum in the 6-OHDA-curcumin group 
decreased compared with the sham groups (p < 0.01). 
A significant difference was observed between the 
sham groups (p < 0.05), when animals treated 
with curcumin exhibited an increase in DA 
concentrations (Table 2). The concentrations of 
DOPAC (F3,37 = 10.60, p < 0.0001) and HVA 
(F3,37 = 9.805, p = 0.0002) in the striatum exhibited 
the same profile. In the 6-OHDA-vehicle group, 
the metabolite concentrations were reduced compared 
with the sham groups (p < 0.001). Interestingly, 
no difference was found between the 6-OHDA-
vehicle and 6-OHDA-curcumin groups. Reductions 
of DOPAC and HVA concentrations were observed 
in the 6-OHDA-curcumin group compared with 
the sham groups (p < 0.05; Table 2). 
The 6-OHDA-vehicle group exhibited a significant 
reduction of hippocampal NE levels (F3,37 = 11.58,  
p < 0.0001) compared with the sham groups  
(p < 0.001; Table 3). The 6-OHDA-curcumin group 
exhibited a decrease in NE concentration in the 
hippocampus compared with the sham-vehicle group 
(p < 0.01) and sham-curcumin group (p < 0.001). 
The concentrations of 5-HT (F3,37 = 0.6210,  
p = 0.6059) and 5-HIAA (F3,37 = 0.3746, p = 0.7718)

 
 
 
 
 
 
 
 
 
 

 

no differences in rearing frequency (F3,36 = 0.07918, 
p = 0.9709) or locomotion frequency (F3,36 = 0.2508, 
p = 0.8603) were observed between groups. 

Modified forced swim test 
The 6-OHDA-vehicle group showed an increase 
in immobility time (F3,30 = 7.237, p = 0.001) 
compared with the sham groups (sham-vehicle,  
p < 0.05; sham-curcumin, p < 0.01). The 6-OHDA-
curcumin group exhibited a reduction of this 
parameter compared with the 6-OHDA-vehicle 
group (p < 0.01; Fig. 2A). The swimming parameters 
(F3,30 = 8.056, p = 0.0004) showed that the 6-
OHDA-curcumin group exhibited an increased 
swimming time compared with the 6-OHDA-vehicle 
group (p < 0.01). A reduction of swimming time was 
observed in the 6-OHDA-vehicle group compared 
with the sham-vehicle group (p < 0.05) and sham-
curcumin group (p < 0.001). In contrast, the sham-
curcumin group exhibited an increase in this 
parameter compared with the sham-vehicle group 
(p < 0.05; Fig. 2B). Climbing time (F3,30 = 1.667, 
p = 0.1952) did not significantly differ between 
groups (Fig. 2C). 

Sucrose preference test 
As shown in Fig. 3, sucrose consumption in the  
6-OHDA-vehicle group decreased compared with 
the 6-OHDA-curcumin, sham-vehicle and sham-
curcumin groups on day 14 (p < 0.001). Sucrose 
preference in the 6-OHDA-vehicle group remained 
lower than in the sham groups (p < 0.01) on day 
21. No difference was observed between the sham 
groups and 6-OHDA-curcumin group at any of 
the time-points.  
 

Table 1. Motor behavior alterations determined 1 and 21 days after 6-OHDA exposure. 

 Group Locomotion frequency Rearing frequency 

Day 1 Sham-vehicle 
Sham-curcumin 
6-OHDA-vehicle 
6-OHDA-curcumin 

99.27 ± 7.58 
110.1 ± 11.52 
49.42 ± 14.54* 
28.9 ± 9.38** 

21.27 ± 1.95 
18.36 ± 2.03 
9.5 ± 3.19* 
6.5 ± 2.42* 

Day 21 Sham-vehicle 
Sham-curcumin 
6-OHDA-vehicle 
6-OHDA-curcumin 

79.82 ± 9.02 
67.18 ± 13.76 
69.20 ± 10.21 
71.63 ± 12.7 

15.45 ± 2.44 
15.22 ± 2.13 
16.78 ± 3.11 
16.11 ± 1.95 

The data are expressed as mean ± SEM (n = 10-12/group). *p < 0.01, **p < 0.001, compared 
with sham groups (ANOVA followed by Newman-Keuls test). 
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  A 

 

Fig. 2. Antidepressant-like effect of curcumin (30 mg/kg, p.o.) and depressive-like behavior caused by 
6-OHDA injection in the forced swim test. (A) Immobility. (B) Swimming. (C) Climbing. The data were obtained
22 days after neurotoxin exposure. The data are expressed as mean ± SEM (n = 10-12/group). *p < 0.05, 
compared with sham-vehicle group; ##p < 0.01, compared with 6-OHDA-vehicle group; ++p < 0.01, +++p < 0.001, 
compared with sham-curcumin group (ANOVA followed by Newman-Keuls test). 
 

B 

 
C 

 
Fig. 3. Antidepressant-like effect of curcumin (30 mg/kg, p.o.) and anhedonic-like behavior caused by 
6-OHDA injection, reflected by the percentage of sucrose preference in each group at different time-points. 
The data are expressed as the mean (n = 12-14/group). **p < 0.01, ***p < 0.001, compared with sham groups; 
+++p < 0.001, compared with 6-OHDA-curcumin group (two-way ANOVA followed by Bonferroni test). 
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depression-like behavior and a state of anhedonia. 
However, treatment with curcumin (30 mg/kg, p.o.) 
for 21 days had a neuroprotective effect, reducing 
the depression-like behavior and the state of 
anhedonic, and increasing monoamines levels.  
To discard the possible influence of baseline 
locomotor activity before testing the animals in 
behavioral models of depression, we performed 
the open field test. Hypolocomotion observed 24 h 
after surgery in rats that received 6-OHDA was 
not reversed by a single dose of curcumin. The 
decrease in motor behavior is likely attributable to 
neuronal loss observed 24 h after neurotoxin 
exposure. This reduction of locomotor activity 
was reversed in both lesioned groups on day 21, 
ensuring that motor influences did not affect the 
results obtained in the behavior models of depression. 
To evaluate the antidepressant-like effect of 
curcumin, the forced swim test and sucrose preference 
test were performed to determine whether curcumin 
can reverse the depression-like behavior induced 
by the neurotoxin. Sucrose preference in the  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
in the hippocampus were not significantly different 
between groups (Table 3). 

Immunohistochemistry 
As shown in Fig. 4, the sham groups exhibited 
strong expression of TH-immunoreactive neurons 
in the SNpc. The 6-OHDA-vehicle group exhibited 
a reduction in the expression of these neurons. 
The number of TH-immunoreactive neurons in the 
6-OHDA-vehicle group, calculated by comparing 
the optical density of each image, significantly 
differed from the sham-vehicle group (p < 0.01) 
and sham-curcumin group (p < 0.001; F3,83 = 8.903, 
p < 0.0001). Fig. 4 also shows that the 6-OHDA-
curcumin group exhibited a slight reduction of 
TH-positive neurons. Moreover, the 6-OHDA-
vehicle group exhibited a significant decrease in 
TH-immunoreactive neurons in the SNpc compared 
with the 6-OHDA-curcumin group (p < 0.05). 
 
DISCUSSION 
The death of dopaminergic neurons in the SNpc  
in animals injured with 6-OHDA resulted in a
 

Table 2. Effect of curcumin on dopamine, DOPAC, and HVA levels (µg/g) in the striatum 22 
days after 6-OHDA exposure. 

Group Dopamine DOPAC HVA 

Sham-vehicle 7.18 ± 0.23 7.079 ± 0.6 0.44 ± 0.02 
Sham-curcumin 8.68 ± 0.58+ 7.085 ± 0.54 0.44 ± 0.02 
6-OHDA-vehicle 2.75 ± 0.51+++ 3.05 ± 0.67+++ 0.26 ± 0.02+++ 

6-OHDA-curcumin 4.90 ± 0.68 **,++ 4.67 ± 0.49+ 0.33 ± 0.03+ 

The data are expressed as mean ± SEM (n = 10-12/group). **p < 0.01, compared with 6-OHDA-
vehicle group; +p < 0.05, ++p < 0.01, +++p < 0.001, compared with sham-vehicle group (ANOVA 
followed by Newman-Keuls test). 

Table 3. Effect of curcumin on 5-HT, 5-HIAA, NE, and DHPG levels (µg/g) in the hippocampus 
22 days after 6-OHDA exposure. 

Group Serotonin 5-HIAA Norepinephrine DHPG 

Sham-vehicle 0.39 ± 0.04 0.89 ± 0.03 0.54 ± 0.04 0.88 ± 0.06 

Sham-curcumin 0.32 ± 0.03 0.81 ± 0.05 0.58 ± 0.04 0.85 ± 0.06 
6-OHDA-vehicle 0.34 ± 0.04 0.83 ± 0.04 0.25 ± 0.05+++ 0.51 ± 0.09++ 

6-OHDA-curcumin 0.33 ± 0.05 0.85 ± 0.10 0.31 ± 0.05++ 0.80 ± 0.08* 

The data are expressed as mean ± SEM (n = 10-12/group). *p < 0.05, compared with 6-OHDA-
vehicle group; ++p < 0.01, +++p < 0.001, compared with sham groups (ANOVA followed by Newman-
Keuls test). 
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the anhedonic-like state induced by 6-OHDA.  
Previous studies that used other models of depression-
like behavior demonstrated curcumin’s ability to 
reverse anhedonic-like states induced by chronic 
unpredictable mild stress and chronic corticosterone 
administration [14, 31, 32]. The present study 
further shows a similar effect of curcumin in the 
6-OHDA-induced model of anhedonia. 
In the forced swim test, an increase in immobility 
time is related to “behavioral despair” that can 
be extrapolated to a condition similar to human 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6-OHDA-vehicle group was lower than in the control 
groups, indicating an anhedonic-like state caused 
by the neurotoxin in these rats. These results are 
consistent with previous studies, in which the 
neurotoxin provoked dopaminergic neuron damage 
and led to an anhedonic-like state [5, 30]. Rats 
that received 6-OHDA and treated with curcumin 
did not exhibit a reduction of sucrose preference 
compared with control rats. Moreover, we observed 
an increase in sucrose preference in these animals 
on day 14, compared with the 6-OHDA-vehicle 
group. These data indicate that curcumin can reverse 
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 Fig. 4. Effects of curcumin on TH-positive neurons in the SNpc. Immunohistochemistry figures show the quantity of 

TH-positive neurons in the SNpc in all of the groups 22 days after 6-OHDA infusion. (A) Sham-vehicle. 
(B) Sham-curcumin. (C) 6-OHDA-vehicle. (D) 6-OHDA-curcumin. (E) Percentage of TH-positive neurons, 
determined by calculating the optical density. The data are expressed as mean ± SEM (n = 3-4/group). ##p < 0.01, 
compared with 6-OHDA-vehicle group; ++p < 0.01, compared with sham-vehicle group; ***p < 0.001, compared 
with sham-curcumin group (ANOVA followed by Newman-Keuls test). Substantia nigra pars reticulata (SNr). 
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dopaminergic neurons. The same conclusion may 
be drawn from the immunohistochemical analyses, 
in which the 6-OHDA-vehicle group exhibited a 
significant reduction in the expression of TH-
immunoreactive neurons. The 6-OHDA-curcumin 
group exhibited an increase in DA concentrations 
compared with the 6-OHDA-vehicle group, also 
supporting the histological analyses and suggesting a 
neuroprotective effect of curcumin. DOPAC and 
HVA levels in the 6-OHDA-curcumin group were 
also higher, coinciding with the DA concentrations, 
but this increase did not significantly differ from 
the 6-OHDA-vehicle group. 
Curcumin may be considered a multi-target drug 
that exerts its neuroprotective and antidepressant-
like effects in the 6-OHDA model through numerous 
mechanisms [8]. Neuronal death induced by 6-OHDA 
might be prevented through anti-inflammatory 
and antioxidant mechanisms [35-37]. Curcumin 
can exert protective effects by inhibiting glial 
activation and reducing the expression of pro-
apoptotic proteins, such as nuclear factor-κB and 
caspase-3 [23, 37, 38]. Although the antidepressant-
like effect of curcumin appears to be mainly 
related to alterations in serotoninergic function in 
animal models of depression [39], its antidepressant-
like effect in the 6-OHDA-induced model of PD 
may be modulated by a dopaminergic mechanism. 
Previous studies have correlated curcumin 
treatment with an increase in the levels of DA and 
its metabolites in both PD and depression models 
[8, 15, 22, 23, 34, 40-42]. Imaging studies found a 
strong correlation between impairment of the DA 
system and depression symptoms in PD patients 
[43, 44]. Moreover, PD-related depression appears 
to be correlated with dopaminergic pathways. 
Studies of 5-HT in PD have provided inconclusive 
results. Patients with PD present with a reduction 
of DA pathway activity associated with reward 
and mood systems. These data support the 
hypothesis that the dopaminergic system is mainly 
involved in the etiology of PD-related depression 
[6, 45]. 
 
CONCLUSION 
Altogether, the present results confirmed our 
hypothesis that curcumin exerts antidepressant-
like effects in PD-related depression. Using two 
behavior models of depression, curcumin treatment 
reversed the depression-like behavior observed in 
 

depression [33]. Bilateral infusion of 6-OHDA in 
the SNpc, similar to a previous study [5], increased 
the immobility time and reduced the swimming 
time. In contrast, the 6-OHDA-curcumin group 
exhibited a reduction in immobility time and increase 
in swimming time compared with the 6-OHDA-
vehicle group. Interestingly, in sham animals, the 
dose of curcumin used did not exert antidepressant-
like activity in the forced swim test, in which no 
significant difference was observed in immobility 
time between the sham-vehicle and sham-curcumin 
groups. This result is consistent with the lack of 
changes in monoamine content observed in the 
hippocampus. These results indicate that the effect 
of curcumin in 6-OHDA-lesioned rats was not 
attributable to specific effects. However, a significant 
effect on swimming time was found. This may 
have been caused by a threshold effect of the 
curcumin dose used (i.e., although it increased 
swimming behavior, this was not sufficient to 
decrease immobility). 
To corroborate the behavioral test results, 
neurochemical and immunohistochemical analyses 
were performed. In the analysis of the hippocampus, 
NE concentrations were more affected by the 
neurotoxin than 5-HT concentrations. The 6-OHDA-
vehicle group exhibited a decrease in NE and its 
metabolite DHPG compared with controls. The 
neurotoxin group treated with curcumin exhibited 
a decrease in NE levels compared with controls. 
However, DHPG levels were significantly higher in 
the 6-OHDA-curcumin group than in the 6-OHDA-
vehicle group and did not significantly differ from 
that in the sham groups. The concentrations of  
5-HT and its metabolite in the hippocampus were 
statistically equal among groups. In other animal 
models of depression, such as chronic unpredictable 
mild stress and olfactory bulbectomy [31, 34], 
curcumin altered serotoninergic function and 
concentration. In the present 6-OHDA model, 
curcumin did not alter 5-HT levels in the 
hippocampus. The curcumin groups did not exhibit 
an increase in 5-HT concentrations, but the 6-OHDA-
vehicle group also did not exhibit a decrease in  
5-HT concentrations. With regard to striatal DA, 
the 6-OHDA-vehicle group exhibited a large 
decrease in the levels of this neurotransmitter 
compared with controls. This decrease was also 
apparent when we measured the DA metabolites 
DOPAC and HVA, indicating the death of 
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animals injured with 6-OHDA, confirming the 
antidepressant-like effect of curcumin in this model. 
The behavioral results were corroborated by the 
neurochemical and immunohistological analyses. 
The present study indicates that the antidepressant-
like effect of curcumin in this model is more related 
to the preservation of dopaminergic function 
compared with other monoamines. 
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