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Abstract: While curcumin has been reported to provide several health medicinal benefits, its effects on brain, par-
ticularly during diseased condition, is known very less. To evaluate the contribution of curcumin against neuropatho-
logical implications of Parkinson’s disease, mice were experimented in the present study. Both MPTP (M) and MPTP 
plus Curcumin (MC) group received 30 mg/Kg body weight MPTP intraperitoneally (I.p.), consecutively for 7 days at 
a regular interval of 24 hours and MC group additionally received curcumin (50 mg/kg body weight, I.p.) 1 hour prior 
to MPTP while, control mice were given saline (0.9% NaCl) during treatment period at similar time intervals. Result 
of MPTP treatment caused severe motor impairments, reduced tyrosine hydroxylase (TH), and dopamine level was 
found in M group. While, treatment with curcumin showed improved behavioral manifestations and increased stria-
tal DA level, paralleling with reduced cellular stress parameters. In summary, present study suggest the neuropro-
tective efficacy of curcumin in MPTP induced neuropathology in MPTP Parkinsonism. 
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Introduction

Parkinson’s disease (PD) is the second most 
prevalent neurodegenerative disorder that 
affects almost 0.01% of global population over 
the age of 60 [1]. The most prominent pheno-
typic characteristic of the disease is motor 
impairments, which includes rigidity, dyskine-
sia, gait imbalance, and tremor at rest [2]. Such 
motor deficits are also evident in parkinsonian 
toxin induced experimental animal models [3]. 
Clinical feature of PD includes dopaminergic 
neuronal loss in substantia nigra pars compac-
ta [4] and as a result depleted level of dopa-
mine in striatum has been reported [5]. 
Pathological hallmark of PD is the presence of 
Lewy bodies, which consists of insoluble and 
fibrous aggregates of α-synuclein with some 
other filaments [6]. Moreover, it has been 
shown that, soluble oligomers of α-synuclein 
are also possessing toxic potency in PD pathol-
ogy [6, 7]. PD is determined by the progressive-
ness of the disease pathology and the etiology 
of the disease is consisting handful of influenc-

er like: oxidative stress, mitochondrial dysfunc-
tion, inflammation, and apoptosis [8]. It has 
been shown that, cellular stress level during the 
disease progress has uniquely been altered by 
the involvement of dopamine (DA)-a crucial 
neurotransmitter responsible motor coordina-
tion [9, 10]. DA undergo the auto-oxidation pro-
cess, which produce reactive oxygen species 
(ROS), which exacerbates the stress level in 
neuron [11, 12]. Moreover, production of qui-
nones from such auto-oxidation also has neuro-
toxic effects, which adds woods on fire in PD 
[11, 13]. Besides, depletion of DA levels in stria-
tum, tyrosine hydroxylase (TH)-a marker for live 
neurons, also has found to reduce immunosen-
sitivity during PD progress [14, 15]. As striatum 
region of brain is known for its high energy 
metabolism due to enormous turnover of DA, 
always maintains a high levels of free radical 
concentration than any other tissue in the body 
[16]. Additional recruitment of free radicals initi-
ates the breakdown of cellular homeostasis in 
striatal region and pathological implications 
has been shown to emerge out [17]. The ratio-
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nale of understanding from this phenomena, 
mitochondrial targeted toxins have been intro-
duced to prepare desired model formation in 
PD. It has been reported that, MPTP (1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine)-a neuro-
toxin, causes mitochondrial impairments which 
results into free radical generation and 
increased oxidative stress in neuron [18]. The 
molecular mechanisms behind such cytotoxic 
insult by MPTP holds the involvement of mono-
amine oxidase B (MAO-B), which converts MPTP 
into its toxic form MPP+, which is able to enter 
into DA-ergic neurons with the help of DA trans-
porter and vesicular monoamine transporter 2 
(VMAT2) and blocks the mitochondrial complex-
I activity [4]. Such blockade results into 
increased generation of reactive oxygen spe-
cies (ROS) and less energy turnover [19]. To sal-
vage from such unavoidable situation, potential 
herbal product with antioxidant activity, was 
the major search to researchers. Encouraging 
research has shown that curcumin-a polyphe-
nol is having the antioxidant, anti-inflammatory, 
anticarcinigenic potency [20-22] and also have 
been shown to be effective against neurologi-
cal implications [23, 24]. Moreover, curcumin 
effectively can cross the blood brain barrier 
(BBB), which is the most crucial condition to be 
a therapeutic approach for PD [25]. However, 
role of curcumin in MPTP-induced parkinsonian 
pathology in mice, have been less document-
ed. Besides, several health benefits curcumin 
also reported without any side effects, which 
apprise its global acceptance in daily diet [26-
28]. As the major therapeutic concern of PD is 
the formation and conversion of α-synuclein 
into its toxic state [29-31], inhibition of these 
processes is an immediate need for conclusive 
PD therapy. Interestingly, curcumin has been 
reported to have the potency to inhibit the 
aggregates of toxic protein [32-35]. Hence, it 
has been selected for the present study. Taken 
together, our present study was destined to 
explore whether curcumin provides neuropro-
tection by the virtue of its neuroprotective 
potency in MPTP induced parkinsonian mice.

Materials and methods

Experimental animals and ethical statement

Studies were conducted with male C57BL/6 
mice (about 8 weeks old) weighing between 23 
and 25 g, taken from institutional animal house. 

Six animals were housed per cage and were 
maintained in a temperature-controlled (25°C) 
room under 60% humidity, and 12 h diurnal 
cycle. Mice had ad libitum access to food and 
water. All experiments were performed in accor-
dance with Guidelines on the Proper Care and 
Use of Animals in Laboratory Research and 
approved by Linyi people’s Hospital animal eth-
ics committee.

MPTP and curcumin treatment

The mice were injected intraperitoneally (i.p.) 7 
times (for seven consecutive days, 24 hours 
apart) with 30 mg/kg/day MPTP (M group) and 
control group received a corresponding volume 
of saline (0.9% NaCl in ddH2O). One hour prior 
to each MPTP injection, the MPTP plus curcum-
in treated groups (MC group) were treated with 
an intraperitoneal injection of curcumin at 50 
mg/kg body weight for seven consecutive days. 
Biochemical tests were performed on day 
seven two hours after the last injection and for 
immunohistochemical tests separate sets of 
mice were dissected on day 14 to provide suf-
ficient time for MPTP toxicity on brain histology. 
All the animals were sacrificed with minimum 
pain and their brains were processed for fur-
ther analysis. 

Materials

MPTP, Curcumin, Sodium chloride (NaCl). 
Dopamine, Hydrochloric acid (HCl), 3,4-dihy-
droxyphenylacetic acid (DOPAC), homovanillic 
acid (HVA), ethylenediaminetetraacetic acid 
disodium salt (EDTA), and heptane sulfonic acid 
(Sigma, St. Louis, MO, USA), double distilled 
Water (Milli-Q system, Bedford, MA), Acetonitrile 
(SISCO Research Laboratories), Dimethyl sulf-
oxide (DMSO), Silver nitrate (Merck), Potassium 
dichromate, Formaldehyde (Qualigens), Ortho- 
phosphoric acid (Fisher scientific), Chloral 
hydrate (Fluka).

Behavioral and neuromuscular assessment

Akinesia: Akinesia is the latency to initiate all 
four limb movement was measured in seconds 
[36]. The test was dismissed if the latency 
exceeded 180 s. Initially, animals were allowed 
to acclimatize for 3 min on the test platform 
(30×40 cm2). Electronic stopwatch was used to 
minimize the manual error and experiment was 
performed thrice for each group. 
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Catalepsy: Catalepsy- the inability of the animal 
to correct an externally imposed posture, was 
measured by placing the animals on a wooden 
platform while its hind limbs were placed on 
wood and fore limbs on ground [37]. Latency 
time was measured when mouse moved its 
hind limbs from wooden platform (3 cm). 
Acclimatization time was for 3 min and the test 
was terminated if the latency exceeds more 
than 180 sec. 

Hang test: The effect of curcumin on neuro-
muscular strength was analysed by grid hang 
test [38]. Animals were placed on a gridded 
horizontal surface and after successful grip-
ping the platform was inverted, which make the 
animal to hang from the surface. Hang score 
was measured by the time the mouse is able to 
hang just before it lands on the ground. 
Intensive care was taken to minimise the injury 
during landing.

Biochemical analysis

Estimation of superoxide dismutase (SOD) 
activity: The activity of SOD was assessed fol-
lowing the method as previously described 
[39]. Xanthine and xanthine oxidase served as 
superoxide generator and nitro blue tetrazolium 
is used as superoxide indicator. Briefly, the 
reaction mixture consists of 960 μL of 50 mM 
sodium carbonate buffer (pH 10.2) containing 
0.1 mM of EDTA, 0.1 mM of xanthine, 20 μL of 
xanthine oxidase, 0.025 mM of NBT, and 20 μL 
of brain supernatant. The absorbance is mea-
sured spectrometrically at 560 nm and the 
activity was expressed as units/min/mg 
protein.

Determination of catalase (CAT) activity: Ca- 
talase activity was measured by determining 
the rate of decomposition of hydrogen peroxide 
(H2O2) at 240 nm. In brief, assay mixture con-
sisted of 50 μL of 1 M Tris-Hcl buffer (pH 8.0) 
containing 5 mM of EDTA, 900 μL of 10 mM 
H2O2, 30 μL of water, and 20 μL of the superna-
tant. Rate of decomposition of hydrogen was 
measured at 240 nm spectrometrically. Enzyme 
activity is expressed as nmol of H2O2 decom-
posed/min/mg protein [40]. 

Estimation of neurotransmitter and metabo-
lites: As diurnal variations cause alteration in 
biogenic amines, the mice were sacrificed in 
the morning. Dissected striatum was collected 

and processed for the analysis of neurotrans-
mitters with an HPLC based electrochemical 
detector. The tissue was sonicated (at 50 Hz for 
10 s) in ice-cold 0.1 M HClO4 containing 0.01% 
EDTA (1 mg of tissue/10 lL of HCLO4). The 
supernatant collected after centrifugation at 
17500×g for 10 min was injected (10 lL) into 
the HPLC system (Bioanalytical Systems Inc., 
West Lafayette, IN, USA). The flow rate was 0.7 
mL/min, and the electrochemical detection 
was performed at +0.74 V. The composition of 
the mobile phase was 8.65 mM heptane sul-
fonic acid, 0.27 mM EDTA, 13% acetonitrile, 
0.43% triethylamine, and 0.32% orthophospho-
ric acid [41].

Estimation of lipid peroxidation: Lipid peroxida-
tion was evaluated by measuring the thiobarbi-
turic acid reactive substances (TBARS) accord-
ing to the thiobarbituric acid (TBA) test 
described earlier [42] with the a few 
modifications. After incubations in the perfu-
sion system, brain samples were added to ice-
cold deionized water containing 5 ml of butyl-
ated hydroxytoluene (BHT) dissolved in 
methanol for HPLC grade (10%, w/v). Water was 
previously gassed with 100% N2 for 60 min to 
remove oxygen. Tissue homogenates were pre-
pared on ice using a teflon pestle (10-12 
strokes) and centrifuged at 3000×g for 15 min. 
The supernatant was retrieved. 20 µl of super-
natant was taken to determine the amount of 
proteins using the procedure described previ-
ously [43]. Supernatant of 350 µl was taken to 
precipitate soluble and membrane proteins 
and obtain deproteinizated membranes. TCA 
was then added (250l) and centrifuged at 
3000×g for 15 min. During this test tempera-
ture was maintained at 4°C and 5 µl of TBA 
reagent (0.67% TBA and 0.05N NaOH in 50 ml 
of deionized water previously gassed for 60 
min with 100% N2) was added to 5 ml of the 
resulting supernatant. This solution was placed 
under a stream of nitrogen at 4°C for 1 min and 
was afterwards heated at 100°C for 15 min. 
This stage was carried out on a N2 gas phase 
obtained by displacing the air gas phase with 
100% N2 before closing the tubes. After heat-
ing, the tubes were cooled in a water bath at 
room temperature. Clear solutions were 
obtained with this procedure suitable for direct 
spectrophotometric measurement at 532 nm. 
A Perkin-Elmer Spectrophotometer Lambda 3B 
was used. The formation of TBARS was 
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expressed as malondialdehyde equivalents 
(MDA) per mg protein. The absorbance of the 
upper phase at 532 nm was read. In these frac-
tions, proteins were also measured in superna-
tants of cerebellar slice homogenates.

Estimation of GSH and GSSG: Reduced gluta-
thione in brain tissue homogenate was estimat-
ed according to a previously described proce-
dure [44]. Homogenate was centrifuged at 
16,000×g for 15 min at 40°C. Supernatant (0.5 
mL) was added to 4 mL of ice-cold 0.1 mM 
5,5-dithiobis [2-nitrobenzoic acid] solution in 1 
M phosphate buffer (pH-8) and the absorbance 
was observed at 412 nm. For GSSG estimation, 
sonicated brain homogenate was taken in 10 
volumes of deionized water. 20 µl of tissue 
homogenate 5 ml of a solution containing 1.43 
M sodium borohydride, 1.5 mM EDTA, 66 mM 
NaOH and 1 of n-amyl alcohol was added, and 
incubated at 40°C in a water bath for 30 min. 
Proteins were precipitated by addition of 25 µl 
of ice-cold 0.4 M perchloric acid, and separat-
ed after centrifugation at 18,000×g for 15 min 
at 4°C. The supernatant was filtered and the 
sample was then allowed to a reaction with 
5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) to 
form the mixed disulfide GS-TNB and the chro-
mophore 5-thio-2-nitrobenzoic acid (TNB); this 
is followed by back-reduction of GS-TNB to GSH 
by GR and NADPH (prevailing reaction) or by 
direct reaction of GS-TNB with any GSH still 
present in the assay mix. At this point, the con-
ditions are present for recurrence of this reac-
tion in a self-sustained closed cycle and for 
analysis of the steady-state production of TNB 
by spectrophotometry at a 412 nm wavelength. 
The concentration of GSH was determined by 
subtracting GSSG from total GSH. GSH/GSSG 
ratio was estimated to interpret the evidence of 
redox unbalance in striatum.

Immunohistochemical and histological studies

Perfusion and tissue processing: Animals were 
sacrificed and perfused via intra-cardial infu-
sion with ice cold phosphate buffered saline 
(1X) followed by 4% paraformaldehyde (pH 7.4). 
Brain was dissected out from the skull and 
fixed in 4% paraformaldehyde for 24 h at 4°C. 
Before taking section, the brains were trans-
ferred to 30% sucrose solution in PBS for over-
night. The brain tissue was then embedded in 
cryoglue and sliced into 20 μm coronal sections 

containing entire SN for immunohistochemical 
study. 

TH Immunohistochemistry and haematoxylin-
eosin (H-E) histological analysis: Animals were 
anaesthetized with chloral hydrate (400 mg/
kg; i.p.) and perfused intracardially with phos-
phate buffer saline (PBS, pH 7.4) followed by 
4% paraformaldehyde. Brains were removed 
and kept in 4% paraformaldehyde, transferred 
to 30% sucrose and  coronal sections (35 μm 
thickness) passing through striatum, hippo-
campus and cortex were taken using Cryotome 
(0620E Cryostat, Thermo Shandon, United 
Kingdom). The sections were rinsed three times 
with 0.1 M PBS (pH 7.4), incubated in 1% H2O2 
in PBS, permeabilized with 0.4% Triton X-100, 
blocked for with 8% BSA containing 0.1% Triton 
X-100, incubated with the primary antibody 
(1:100) in PBS, containing 4% BSA for overnight 
at 4°C and then incubated with secondary anti-
rabbit IgG-conjugated horseradish peroxidase 
antibody (1:500) in PBS containing 2% BSA for 
1h at room temperature. Visualization was  
performed by incubation in 3,3-diaminobenzi-
dine for 5 min and the sections were photo-
graphed by using a Fluorescent microscope 
(Nikon, Japan). While Haematoxylin-Eosin stain-
ing was performed according to the procedure 
described earlier [45, 46].

Statistical measures

The behavioural test data were statistically 
evaluated for significance employing one-way 
ANOVA followed by Newman Keul’s post-hoc 
analysis. Neurochemical data were analysed 
for significance using Student’s t-test. Results 
are given as mean ± S.E.M. Value of P≤0.05 
was considered significant.

Results

Effect of MPTP and curcumin on bodyweight

MPTP treated mice showed parkinsonian 
behavioural and neuromuscular abnormalities, 
which were prominent from the second MPTP 
injection and such deficits existed till their sac-
rifice. Significant loss of body weight was 
observed from the second day of MPTP admin-
istration (Figure 1A). However, control and MC 
mice did not showed any marked differences.
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Figure 1. Effect of MPTP and curcumin on behaviour. A. Effect of MPTP and Curcumin on body weight: Body weight was measured every day before food. B. Effect of 
MPTP and Curcumin on akinetic behaviour. Akinesia was measured each day one hour after administration of MPTP with or without curcumin in mice. Mice received 
only MPTP showed akinesia i.e., latency to move all the four limbs. The highest akinetic score was on day 7 after MPTP injection. C. Effect of MPTP and Curcumin 
on cataleptic behaviour. Test for cataleptic behaviour was undertaken 2 hours after the administration of MPTP with or without curcumin in mice. D. Effect of MPTP 
and Curcumin on hang test performance. Effect of MPTP on the neuromuscular strength mice was tested on a horizontal grid apparatus, on each day 4 hours after 
the treatment of MPTP. Total time taken to climb down was recorded. All the results given are mean ± S.E.M., n = 6 (*P ≤ 0.05, with control).
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Effect of MPTP and curcumin on akinetic 
behaviour

MPTP administration caused akinesia in the 
MPTP treated mice (Figure 1B). After second 
administration of MPTP the akinetic behaviour 
in these animals were visible. While, MC group 
of mice showed no significant difference in 
latency time with control. Increasing tendency 
of akinetic behaviour was observed among M 
group with the maximum latency score at day 7 
with 64% more latency with control mice.

Effect of MPTP and curcumin on cataleptic 
behaviour

Catalepsy was observed among the M group of 
mice after first dose of MPTP injection. Control 
group of mice did not show any cataleptic 
behaviour. Latency in catalepsy test among M 
group showed increasing tendency with time 
and observed data was significantly different 
from control group (Figure 1C). Though, MC 
mice showed little latency but, it was not at all 
statistically significant form control mice. 
Highest latency in M group was observed on 
day 7 with 58% more latency with control.

Effect of MPTP and curcumin on neuromuscu-
lar strength

MPTP treatment caused neuromuscular impair-
ments after second injection. M group of mice 
spent more time in contact with the supporting 
wall. However, behavioural performance of con-
trol and MC group was not effected significant-
ly. In MPTP treated mice highest time taken to 
touch the ground from the horizontal support-
ing was recorded on day 6, which was 115 ± 
1.98, and was 71.25% more than control ani-
mals of the same day (Figure 1D).

Effect of MPTP and curcumin on superoxide 
dismutase and catalase activity

MPTP treatment caused a significant increase 
in SOD activity (1.18 ± 1.21) in the striatum in 
M group. Co-treatment of MPTP with curcumin 
showed control like activity of SOD in MC group. 
Moreover, it was not statistically significant 
(0.653 ± 1.43) with the control mice (Figure 
2A). MPTP injection caused a significant 
increase in catalase activity in the striatum. 
While, MC group showed non-significant 
increase of catalase activity with control group 
(Figure 2B). 

Effect of MPTP and curcumin on neurotrans-
mitter and metabolites

While solely MPTP decreased 57% striatal DA 
level, co-administration with curcumin didn’t 
cause any DA depletion. Moreover, DA level in 
MC group showed almost similar level with con-
trol (Figure 2C). M group of mice showed signifi-
cantly higher turnover of DA Comparatively, co-
administration with curcumin with MPTP 
showed control like turnover trend (Figure 2D), 
indicates potential of curcumin to reduce the 
toxicity induced by MPTP.

Effect of MPTP and curcumin on lipid peroxida-
tion

The TBARS level in Control group animals was 
found to be 2.63 ± 0.060 nmoles of MDA/mg 
protein. Curcumin co-administration with MPTP 
in MC animals found significantly (P<0.05) 
decreased TBARS content of brain homogenate 
from striatum. While, only MPTP treated ani-
mals (M Group) resulted in a significant (P<0.05) 
increase in TBARS level in striatum of animals 
as compared to Control group (Figure 2E).

Effect of MPTP and curcumin on GSH and 
GSSG content

MPTP injection (i.p.) in M group of mice caused 
a decrease in the GSH levels in the striatum. 
Co-administration of curcumin with MPTP in 
MC group significantly uplifts these levels. We 
also measured the levels of GSSG to get the 
total glutathione content as the total glutathi-
one level is actually the sum of GSH and GSSG 
and also indicates the oxidative stress levels in 
brain (Figure 2F). In MC group GSSG/GSH ratio 
was similar to that of control group, indicates 
the compensatory effect of curcumin on total 
glutathione level (Figure 2F).

Effect of MPTP and curcumin on Immunohisto-
pathology 

Tyrosine hydroxylase (TH)-a rate-limiting 
enzyme for the synthesis of DA, is the marker 
for alive and functional dopaminergic neurons. 
TH is found abundontly in striatum, where 
DA-ergic nerve fibers and perikarya has been 
found to be saturated with its presence. In the 
present study, MPTP administration in mice 
caused severe loss of TH immunoreactivity in 
the striatum as compared to the control. 
Co-administration of curcumin with MPTP 
caused an increase in TH immunoreactivity in 
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Figure 2. Effect of MPTP and curcumin on biochemical status. Effect of MPTP and Curcumin on SOD (A) and catalase (B) levels. Brain homogenate was processed 
to measure SOD and catalase enzyme activity analysis, which was determined employing a spectrophotometric procedure. The absorbance is measured spectro-
metrically at 560 nm for SOD and 240 nm for catalase and the enzyme activity was expressed as units/min/mg protein for SOD and nmol of H2O2 decomposed/
min/mg protein for catalase. (C) Effect of MPTP and Curcumin on Dopamine level. Dopamine and its metabolites 3,4-dihydroxyplehanyl acetic acid (DOPAC) and 
homovanillic acid (HVA) were assayed employing a sensitive HPLC-electrochemical procedure in the striata of both drug treated and drug naive mice on day 7 fol-
lowing the last dose of drug treatment. (D) Effects of MPTP and Curcumin on dopamine turnover. Administration of MPTP and curcumin on dopamine turnover were 
computed as the ratio of the metabolites levels to the neurotransmitter [DA turnover = (HVA + DOPAC): DA]. (E) Effect of MPTP and Curcumin on lipid peroxidation. 
Brain homogenate was processed and TBARS content was determined employing a spectrophotometric procedure. Lipid peroxidation is expressed as nmoles of 
MDA/mg protein. (F) Effect of MPTP and Curcumin on GSH and GSSG content. Brain homogenate was processed to measure GSH and GSSG content, which was 
estimated by the production of TNB with spectrophotometry at a 412 nm wavelength. The concentration of GSH was determined by subtracting GSSG from total GSH. 
GSH/GSSG ratio was estimated to interpret the evidence of redox unbalance in striatum. All the results given are mean ± S.E.M., n = 6 (*P ≤ 0.05, with control).
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the nerve fibers of the striatum as compared to 
the control striatum (Figure 3A-F). MPTP-
induced loss in immunoreactivity was attenu-
ated by curcumin co-administration. During 
visualization the brain section under light 
microscopy, M group of mice brain stained with 
H-E staining revealed presence of Lewy body in 
MPTP treated group (Figure 3J-L) while, MC and 
control group did not showed any trace of Lewy 
body.

Discussion

The result of the present study indicates that 
curcumin-a dietary food ingredient used mainly 
by Asian ethnic population, provides neuropro-
tection from MPTP induced toxic pathology. The 
study demonstrated for the first time that cur-
cumin, when co-administered with MPTP, com-
pensates the neurotoxicity and also provides 
neuroprotection with its anti-inflammatory, 
anti-oxidant and anti-aggregation potency, 
which was evident from neuromuscular perfor-
mances as well as biochemical analysis. 

Our result shows that curcumin possesses neu-
roprotective properties in animal model of PD 

induced by MPTP, which is an established 
model of Parkinsonism. Our study also encour-
ages the use of curcumin for the treatment of 
PD. Previously it was showed that MPTP animal 
model of PD suffers from severe motor abnor-
malities, which were determined by classical 
parkinsonian neuro-behavioural phenomena 
like: akinesia, catalepsy [47], are also evident 
from the present study. Neuromuscular disabili-
ties were reported in experimental animal mod-
els of PD as well as human PD patient [48, 49]. 
Such neuromuscular deficits was evident in our 
MPTP treated mice. Thus, validates the suc-
cess of PD model preparation in the present 
study.

MPTP treatment showed severe behavioural 
abnormalities as we found in our present 
(Figure 1B-D), is consistent with other drug 
induced behavioural alteration in PD [50, 51]. 
Curcumin co-administration with MPTP did not 
alter any behavioural manifestation and 
showed almost similar result with the control 
mice (Figure 1A-D). Such finding indicates cur-
cumin is successful to cope up with the patho-
logical implications of MPTP at behavioural 

Figure 3. TH immunohistochemistry and H-E histochemistry. Overnight cryopreserved (30% sucrose solution) brain 
sections (coronal, 20 mm thick) passing through the striatum and substantia nigra were cut on a cryostat and were 
incubated with primary antibody (anti-rabbit TH polyclonal 1:1000), followed by HRP-conjugated secondary antibody 
(goat anti-rabbit IgG 1:300). (B) is the striatum of (M) mice, lacking TH immunereactivity and TH positive striatum 
were in control (A) and MC (C) mice. Substantia nigra of M mice also negative to immune staining (E). While, (D) and 
(F) are the sections from substantia nigra of the control and MC mice showed TH immunepositivity respectively. H-E 
stained Histological sections from striatum region showed the presence of Lewy bodies in (M) mice (J-L), which are 
absent in control (G-I) and MC mice (M-O).
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level. The cause behind the weight loss among 
the MPTP injected mice could be due to role of 
MPTP on impairment of energy metabolism and 
suppression of cell’s survival pathways (Figure 
1A). Similar weight loss was evident in previous 
report of drug induced neurotoxicity [18] and 
our result is consistent with their findings. 

MPTP treatment showed significant decrease 
in DA level in striatum region of brain (Figure 
2C). This is might be due to toxic effects of 
MPTP in physiological environment, which in 
turn produce more toxic MPP+ and after reach-
ing the cytosol it binds to mitochondrial com-
plexes and blocks the respiratory chain func-
tion [19]. While, co-administration of curcumin 
didn’t showed any effect on DAergic neurons 
(Figure 2C). This may be due to the fact that 
curcumin is reported to upregulate the DA syn-
thesis [52, 53] and its transporter expression 
[52, 54-56], which not only helps the mecha-
nism of MPP+ in to neurons but, also takes it 
out of the dopaminergic neurons. Hence, 
reduces the toxicity of MPTP, as reflected in no 
effect in behavioural manifestation of the ani-
mals co-administrated with curcumin. Such co-
administration of curcumin with MPTP did not 
affect the levels of striatal DA, provides the 
basis of behavioral as well as neuromuscular 
no alteration among the MC mice group. 

MPTP treatment in M group increased the cel-
lular stress levels as evident from our result on 
increasing the levels of SOD and catalase in 
striatum (Figure 2A, 2B). As cellular defense 
mechanism gets activated in presence of toxic 
substance, SOD and catalase activity increased 
to cope up the situations [57, 58]. It is known 
that MPTP effects on mitochondrial complexes 
as a result increased ROS production takes 
places and initiates other pathological cycles in 
neuron [59, 60]. While, striatal region MC mice 
did not altered the oxidant balance due to co-
administration of curcumin (Figure 2A, 2B). The 
reason behind such phenomena might be due 
to the anti-oxidant potency of curcumin and its 
physiological metabolites [61-64], which might 
have compensated the antioxidant need while 
MPTP and its metabolites were active in the 
neurons. 

During toxic insult it was seen that oxidative 
stress increased and paralleling with the oxida-
tive radical. Cellular antioxidant enzyme pro-

duction also increases in such situation to cope 
up the adverse situation. During the process of 
cellular antioxidant response glutathione plays 
an important role. Glutathione also plays cru-
cial role in DA turnover and pathogenesis of PD. 
Increased levels of oxidized glutathione (GSSG) 
represents the altered cellular stress level. The 
GSH/GSSG ratio indicates the cellular redox 
state, which is determined by levels of GSSG 
and relative de novo synthesis of GSH. In our 
study, M group of mice showed reduced levels 
of redox state and co-treatment with curcumin 
maintains the redox level like control mice 
(Figure 2F). Hence, it is suggestive from the 
present study that curcumin could be a poten-
tial therapeutic strategy for cellular stress 
mediated pathology as well as PD. MPTP insult 
have increased the levels of lipid peroxidation 
in M group (Figure 2E). While, treatment of cur-
cumin with MPTP showed non-significant levels 
of lipid peroxidation. Interestingly, our result 
showed the opposite result those were report-
ed earlier [58, 65]. Hence, our result also docu-
ments lipid peroxidation as a neurotoxic step in 
the pathology of MPTP induced Parkinsonism. 

Immunohistological studies revealed that MPTP 
treatment successively reduced the TH expres-
sion in striatum but there were no change in MC 
group of mice (Figure 3A-F), indicates the 
potency of curcumin in maintaining normaliza-
tion of DA synthesis and release. Control mice 
also did not showed any change in histopathol-
ogy. Though, from Haematoxylin-Eosin (H-E) 
staining presence of ‘Lewy body’ is visible 
among the brain of MPTP treated mice group at 
fourteenth day (Figure 3J-L) but, MC mice 
(Figure 3M-O) brain did not showed any trace of 
‘Lewy body’, suggests that MPTP induced 
aggregation of α-synuclein which ultimately 
forms Lewy body was inhibited by the co-admin-
istration of curcumin. Previous reports have 
shown that curcumin is having the ability to 
inhibit the pathological aggregation of 
α-synuclein. This fact might be the cause 
behind lacking Lewy body formation in MC 
group of mice. Taken together, our results indi-
cate that curcumin is capable of reducing the 
toxic exposure induced by MPTP. Thus, future 
therapeutics might take curcumin as therapeu-
tic agent for Parkinsonian pathology. Depending 
upon the administration strategy it is also sug-
gestive that, curcumin in daily diet could reduce 
the chance of PD.



Curcumin protects from oxidative stress and inhibits α-synuclein aggregation

2663	 Int J Clin Exp Med 2016;9(2):2654-2665

Acknowledgements

Hai-Ying Zhao and Qin-Liang Xu has given the 
concept of the present work. Xiang-Jun Xia and 
Yong-Gang Lian performed the experiment. Hai-
Ying Zhao and Xiang-Jun Xia prepared the 
manuscript.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Hai-Ying Zhao, De- 
partment of Emergency Internal Medicine, Linyi 
People’s Hospital, No. 27 Jiefang Road, Linyi 
276003, Shandong, P. R. China. Tel: 0086-539-
8071736; Fax: 0086-539-8071736; E-mail: zhao-
haiyinghy@hotmail.com

References

[1]	 Rajabally YA, Martey J. Neuropathy in Parkin-
son disease: prevalence and determinants. 
Neurology 2011; 77: 1947-1950.

[2]	 Taylor TN, Greene JG, Miller GW. Behavioral 
phenotyping of mouse models of Parkinson’s 
disease. Behav Brain Res 2010; 211: 1-10.

[3]	 Betarbet R, Sherer TB, Timothy Greenamyre J. 
Animal models of Parkinson’s disease. Bio Es-
says 2002; 24: 308-318.

[4]	 Singer TP, Ramsay RR. Mechanism of the neu-
rotoxicity of MPTP. An update. FEBS Lett 1990; 
274: 1-8.

[5]	 Cannon JR, Tapias V, Na HM, Honick AS, Drolet 
RE, Greenamyre JT. A highly reproducible rote-
none model of Parkinson’s disease. Neurobiol 
Dis 2009; 34: 279-290. 

[6]	 Wakabayashi K, Tanji K, Odagiri S, Miki Y, Mori 
F, Takahashi H. The Lewy body in Parkinson’s 
disease and related neurodegenerative disor-
ders. Mol Neurobiol 2013; 47: 495-508.

[7]	 Spillantini MG, Crowther RA, Jakes R, Hasega-
wa M, Goedert M. alpha-Synuclein in filamen-
tous inclusions of Lewy bodies from Parkin-
son’s disease and dementia with lewy bodies. 
Proc Natl Acad Sci U S A 1998; 95: 6469-
6473.

[8]	 Dexter DT, Jenner P. Parkinson disease: from 
pathology to molecular disease mechanisms. 
Free Radic Biol Med 2013; 62: 132-144. 

[9]	 Greengard P. The neurobiology of dopamine 
signaling. Biosci Rep 2001. pp. 247-269.

[10]	 Hitchcott PK, Quinn JJ, Taylor JR. Bidirectional 
modulation of goal-directed actions by prefron-
tal cortical dopamine. Cereb Cortex 2007; 17: 
2820-2827.

[11]	 Ben-Shachar D, Zuk R, Gazawi H, Ljubuncic P. 
Dopamine toxicity involves mitochondrial com-

plex I inhibition: implications to dopamine-re-
lated neuropsychiatric disorders. Biochem 
Pharmacol 2004; 67: 1965-1974.

[12]	 Sotnikova TD, Beaulieu JM, Espinoza S, Masri 
B, Zhang X, Salahpour A, Barak LS, Caron MG, 
Gainetdinov RR. The dopamine metabolite 
3-methoxytyramine is a neuromodulator. PLoS 
One 2010; 5: e13452.

[13]	 Xia XG, Schmidt N, Teismann P, Ferger B, 
Schulz JB. Dopamine mediates striatal malo-
nate toxicity via dopamine transporter-depen-
dent generation of reactive oxygen species 
and D2 but not D1 receptor activation. J Neu-
rochem 2001; 79: 63-70.

[14]	 Bademci G, Edwards TL, Torres AL, Scott WK, 
Züchner S, Martin ER, Vance JM, Wang L. A 
rare novel deletion of the tyrosine hydroxylase 
gene in Parkinson disease. Hum Mutat 2010; 
31: E1767-1771.

[15]	 Dunkley PR, Bobrovskaya L, Graham ME, Von 
Nagy-Felsobuki EI, Dickson PW. Tyrosine hy-
droxylase phosphorylation: Regulation and 
consequences. J Neurochem 2004; 91: 1025-
1043.

[16]	 Pissadaki EK, Bolam JP. The energy cost of ac-
tion potential propagation in dopamine neu-
rons: clues to susceptibility in Parkinson’s dis-
ease. Front Comput Neurosci 2013; 7: 13-15.

[17]	 Sherer TB, Betarbet R, Testa CM, Seo BB, Rich-
ardson JR, Kim JH, Miller GW, Yagi T, Matsuno-
Yagi A, Greenamyre JT. Mechanism of toxicity 
in rotenone models of Parkinson’s disease. J 
Neurosci 2003; 23: 10756-10764. 

[18]	 Panov A, Dikalov S, Shalbuyeva N, Taylor G, 
Sherer T, Greenamyre JT. Rotenone model of 
Parkinson disease: Multiple brain mitochon-
dria dysfunctions after short term systemic ro-
tenone intoxication. J Biol Chem 2005; 280: 
42026-42035.

[19]	 Przedborski S, Jackson-Lewis V. Mechanisms 
of MPTP toxicity. Mov Disord 1998; 13: 35-8.

[20]	 Jacob A, Wu R, Zhou M, Wang P. Mechanism of 
the Anti-inflammatory Effect of Curcumin: 
PPAR-gamma Activation. PPAR Res 2007; 
2007: 89369-89341.

[21]	 Trujillo J, Chirino YI, Molina-Jijón E, Andérica-
Romero AC, Tapia E, Pedraza-Chaverrí J. Reno-
protective effect of the antioxidant curcumin: 
Recent findings. Redox Biol 2013; 1: 448-456.

[22]	 Zhao LN, Chiu SW, Benoit J, Chew LY, Mu Y. The 
effect of curcumin on the stability of aβ di-
mers. J Phys Chem B 2012; 116: 7428-7435.

[23]	 Ray B, Bisht S, Maitra A, Maitra A, Lahiri DK. 
Neuroprotective and neurorescue effects of a 
novel polymeric nanoparticle formulation of 
curcumin (NanoCurcTM) in the neuronal cell cul-
ture and animal model: Implications for Al-
zheimer’s disease. J Alzheimer’s Dis 2011; 23: 
61-77.

mailto:zhaohaiyinghy@hotmail.com
mailto:zhaohaiyinghy@hotmail.com


Curcumin protects from oxidative stress and inhibits α-synuclein aggregation

2664	 Int J Clin Exp Med 2016;9(2):2654-2665

[24]	 Reeta KH, Mehla J, Gupta YK. Curcumin ame-
liorates cognitive dysfunction and oxidative 
damage in phenobarbitone and carbamaze-
pine administered rats. Eur J Pharmacol 2010; 
644: 106-112.

[25]	 Tsai YM, Chien CF, Lin LC, Tsai TH. Curcumin 
and its nano-formulation: The kinetics of tissue 
distribution and blood-brain barrier penetra-
tion. Int J Pharm 2011; 416: 331-338. 

[26]	 Hamaguchi T, Ono K, Yamada M. REVIEW: Cur-
cumin and Alzheimer’s disease. CNS Neurosci 
Ther 2010; 16: 285-297. 

[27]	 Maheshwari RK, Singh AK, Gaddipati J, Srimal 
RC. Multiple biological activities of curcumin: A 
short review. Life Sci 2006. pp. 2081-2087.

[28]	 Mohiuddin E, Asif M, Sciences A. Curcuma 
longa and curcumin: A review article. Rom J 
Biol-Plant Biol 2010; 55: 65-70.

[29]	 Beyer K. α-Synuclein structure, posttransla-
tional modification and alternative splicing as 
aggregation enhancers. Acta Neuropathol 
2006; 112: 237-251.

[30]	 Breydo L, Wu JW, Uversky VN. α-Synuclein mis-
folding and Parkinson’s disease. Biochim Bio-
phys Acta-Mol Basis Dis 2012; 1822: 261-
285.

[31]	 Fink AL. The aggregation and fibrillation of 
α-synuclein. Acc Chem Res 2006; 39: 628-
634.

[32]	 Ahmad B, Lapidus LJ. Curcumin prevents ag-
gregation in α-synuclein by increasing recon-
figuration rate. J Biol Chem 2012; 287: 9193-
9199.

[33]	 Pandey N, Strider J, Nolan WC, Yan SX, Galvin 
JE. Curcumin inhibits aggregation of alpha-
synuclein. Acta Neuropathol 2008; 115: 479-
489.

[34]	 Singh PK, Kotia V, Ghosh D, Mohite GM, Kumar 
A, Maji SK. Curcumin modulates α-synuclein 
aggregation and toxicity. ACS Chem Neurosci 
2013; 4: 393-407.

[35]	 Yang F, Lim GP, Begum AN, Ubeda OJ, Sim-
mons MR, Ambegaokar SS, Chen PP, Kayed R, 
Glabe CG, Frautschy SA, Cole GM. Curcumin 
inhibits formation of amyloid β oligomers and 
fibrils, binds plaques, and reduces amyloid in 
vivo. J Biol Chem 2005; 280: 5892-5901.

[36]	 Weihmuller FB, Hadjiconstantinou M, Bruno 
JP. Dissociation between biochemical and be-
havioral recovery in MPTP-treated mice. Phar-
macol Biochem Behav 1989; 34: 113-117.

[37]	 Weihmuller FB, Hadjiconstantinou M, Bruno 
JP. Acute stress or neuroleptics elicit senso-
rimotor deficits in MPTP-treated mice. Neuro-
sci Lett 1988; 85: 137-142.

[38]	 Tillerson JL, Miller GW. Grid performance test 
to measure behavioral impairment in the 
MPTP-treated-mouse model of parkinsonism. J 
Neurosci Methods 2003; 123: 189-200. 

[39]	 Marklund S, Marklund G. Involvement of the 
superoxide anion radical in the autoxidation of 
pyrogallol and a convenient assay for superox-
ide dismutase. Eur J Biochem 1974; 47: 469-
474. 

[40]	 Aebi H. Catalase in vitro. Methods Enzymol 
1984; 105: 121-126. 

[41]	 Muralikrishnan D, Mohanakumar KP. Neuro-
protection by bromocriptine against 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine-induced 
neurotoxicity in mice. FASEB J 1998; 12: 905-
912.

[42]	 Kovachich GB, Mishra OP. Lipid peroxidation in 
rat brain cortical slices as measured by the 
thiobarbituric acid test. J Neurochem 1980; 
35: 1449-1452.

[43]	 Lowry OH, Rosebrough NJ, Farr L, Randall R. 
Protein measurement with the folin phenol re-
agent. J Biol Chem 1951; 193: 265-275. 

[44]	 Mohanakumar KP, de Bartolomeis A, Wu RM, 
Yeh KJ, Sternberger LM, Peng SY, Murphy DL, 
Chiueh CC. Ferrous-citrate complex and nigral 
degeneration: evidence for free-radical forma-
tion and lipid peroxidation. Ann N Y Acad Sci 
1994; 738: 392-399.

[45]	 Avwioro G. Histochemical uses of haematoxy-
lin-a review. J Pharm Clin Sci 2011; 1: 24-34.

[46]	 Kiernan J, Lillie R, Pizzolato P, Donaldson P, 
Llewellyn B, Puchtler H, et al. Haematoxylin Eo-
sin (H&E) staining Protocols Online. Protoc On-
line 2010; 1-1.

[47]	 Sedelis M, Schwarting RKW, Huston JP. Behav-
ioral phenotyping of the MPTP mouse model of 
Parkinson’s disease. Behav Brain Res 2001; 
125: 109-125.

[48]	 Chesselet MF, Richter F. Modelling of Parkin-
son’s disease in mice. Lancet Neurol 2011; 
10: 1108-1118.

[49]	 Vandervoort AA. Aging of the human neuro-
muscular system. Muscle Nerve 2002; 25: 17-
25.

[50]	 Gorton LM, Vuckovic MG, Vertelkina N, Petz-
inger GM, Jakowec MW, Wood RI. Exercise  
effects on motor and affective behavior and 
catecholamine neurochemistry in the MPTP-
lesioned mouse. Behav Brain Res 2010; 213: 
253-262. 

[51]	 Hutter-Saunders JAL, Gendelman HE, Mosley 
RL. Murine motor and behavior functional eval-
uations for acute 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) intoxication. J Neu-
roimmune Pharmacol 2012; 7: 279-288. 

[52]	 Kulkarni SK, Bhutani MK, Bishnoi M. Antide-
pressant activity of curcumin: Involvement of 
serotonin and dopamine system. Psychophar-
macology (Berl) 2008; 201: 435-442.

[53]	 Xu Y, Ku BS, Yao HY, Lin YH, Ma X, Zhang YH, Li 
XJ. The effects of curcumin on depressive-like 
behaviors in mice. Eur J Pharmacol 2005; 518: 
40-46. 



Curcumin protects from oxidative stress and inhibits α-synuclein aggregation

2665	 Int J Clin Exp Med 2016;9(2):2654-2665

[54]	 Bannon MJ. The dopamine transporter: Role in 
neurotoxicity and human disease. Toxicol Appl 
Pharmacol 2005; 204: 355-360.

[55]	 Kulkarni SK, Dhir A. An overview of curcumin in 
neurological disorders. Indian J Pharm Sci 
2010; 72: 149-154.

[56]	 Shukla S, Zaher H, Hartz A, Bauer B, Ware JA, 
Ambudkar SV. Curcumin inhibits the activity of 
ABCG2/BCRP1, a multidrug resistance-linked 
ABC drug transporter in mice. Pharm Res 
2009; 26: 480-487.

[57]	 Lee DH, Kim CS, Lee YJ. Astaxanthin protects 
against MPTP/MPP+-induced mitochondrial 
dysfunction and ROS production in vivo and in 
vitro. Food Chem Toxicol 2011; 49: 271-280. 

[58]	 Thiffault C, Aumont N, Quirion R, Poirier J. Ef-
fect of MPTP and L-deprenyl on antioxidant en-
zymes and lipid peroxidation levels in mouse 
brain. J Neurochem 1995; 65: 2725-2733.

[59]	 Sankar SR, Manivasagam T, Krishnamurti A, 
Ramanathan M. The neuroprotective effect of 
Withania somnifera root extract in MPTP-intox-
icated mice: an analysis of behavioral and bio-
chemical variables. Cell Mol Biol Lett 2007; 
12: 473-481. 

[60]	 Tsai SJ, Kuo WW, Liu WH, Yin MC. Antioxidative 
and anti-inflammatory protection from carno-
sine in the striatum of MPTP-treated mice. J 
Agric Food Chem 2010; 58: 11510-11516.

[61]	 Ak T, Gülçin I. Antioxidant and radical scaveng-
ing properties of curcumin. Chem Biol Interact 
2008; 174: 27-37. 

[62]	 Anand P, Kunnumakkara AB, Newman RA, Ag-
garwal BB. Bioavailability of curcumin: Prob-
lems and promises. Mol Pharm 2007; 4: 807-
818.

[63]	 Menon VP, Sudheer AR. Antioxidant and anti-
inflammatory properties of curcumin. Adv Exp 
Med Biol 2007; 595: 105-125.

[64]	 Somparn P, Phisalaphong C, Nakornchai S, Un-
chern S, Morales NP. Comparative antioxidant 
activities of curcumin and its demethoxy and 
hydrogenated derivatives. Biol Pharm Bull 
2007; 30: 74-78.

[65]	 Corongiu FP, Dessi’ MA, Banni S, Bernardi F, 
Piccardi MP, Del Zompo M, Corsini GU. MPTP 
fails to induce lipid peroxidation in vivo. Bio-
chem Pharmacol 1987; 36: 2251-2253.


