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ABSTRACT

The present study was designed to investigate protective effects of curcumin,
in acute immobilization-induced certain behavioral and biochemical alter-
ation in mice. Mice were immobilized for a period of  6 hr. curcumin (10
and 20mg/kg, i.p.) was administered 30 mins before subjecting the ani-
mals to acute stress. Behavioral tests (mirror chamber, actophotometer,
tail flick test) and biochemical analysis (malondialdehyde level, glutathione,
catalase, nitrite and protein) were done. Acute immobilization stress for a
period of  6hr caused severe anxiety, analgesia and decreased locomotor
activity in mice. Biochemical analyses revealed an increase in
malondialdehyde, nitrite level and deplete glutathione and catalase activ-
ity in immobilized stressed brain. Pre-treatment with curcumin (10 and
20mg/kg, i.p.) significantly reversed immobilized stress-induced anxiety,
analgesia and reduced locomotor activity. Biochemically curcumin treat-
ment decreased malondialdehyde, nitrite activity and restored reduced
glutathione level and catalase activity. Results suggest that curcumin has
a neuro-protective effect and can be used in the treatment and manage-
ment of  stress and related disorders.           2007 Trade Science Inc. -
INDIA
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INTRODUCTION

Stress has been shown to affect several brain ac-
tivities and promote long-term changes in multiple
neural systems. Dietary bioactive compounds from
different functional foods, herbs and nutraceuticals
(ginseng, ginkgo, nuts, grains, tomato, soy phytoe-
strogens, curcumin, melatonin, polyphenols, antioxi-
dant vitamins, carnitine, carnosine, ubiquinone, etc.)
can ameliorate or even prevent diseases. Protection
from chronic diseases of aging involves antioxidant
activities, mitochondrial stabilizing functions, metal
chelating activities, inhibition of apoptosis of vital
cells, and induction of cancer cell apoptosis[1]. Cur-
cumin(the primary active principle in turmeric, cur-
cuma longa linn.) has been claimed to represent a
potential antioxidant and anti-inflammatory agent
with phytonutrient and bioprotective properties[2]. A
variety of environmental and stressful stimuli have
been shown to produce analgesia, a phenomenon of-
ten referred to as stress-induced analgesia[3]. There
are various neuropsychiatric problems such as anxi-
ety, memory dysfunction, depression is generally as-
sociated with stress[4,5]. Many of these effects have
been hypothesized to involve stress-induced neuro-
chemical and hormonal abnormalities that are often
associated with oxidative stress[6,7]. Previous studies
have demonstrated that various stress conditions in-
duces hyperalgesia to thermal, chemical and mechani-
cal stimuli[8].

In view of this, the present study was designed
to investigate protective effects of curcumin, a biofla-
vonoid in acute immobilization-induced certain be-
havioral and biochemical alteration in mice.

MATERIALS AND METHODS

Animals
Albino mice(Laca strain) weighing between 22-

30g bred in Central Animal House facility of the
Panjab University, Chandigarh, India were used. The
animals were housed under standard laboratory con-
ditions and maintained on natural light and dark cycle
and had free access to food and water. Animals were
acclimatized to laboratory conditions before the ex-
periment. Each group consists of minimum 5 ani-
mals. All the experiments were carried out between
900 and 1500h. The experimental protocols were
approved by Institutional Animal Ethics Committee
and conducted according to the Indian National Sci-
ence Academy Guidelines for the use and care of
experimental animals.
Drugs and treatment schedule

Curcumin(10 and 20mg/kg, ip) was dissolved in
0.25% CMC and administered intraperitoneally 30
min before the animals were subjected to immobi-
lized stress.

Immobilization stress
Animals were immobilized for 6h by taping all

the four limbs to board after placing them on their
backs using zinc oxide hospital tape. Release was
affected by unraveling the tape after moistening with
acetone. In unstressed group, the mice were handled
without any stress[9].

Behavioral assessment
Various behavioral parameters were assessed in

mice after administration of  acute stress.
Measurement of locomotor activity

The locomotor activity was recorded using
actophotometer for a period of 5 min. Ambulatory
activity was recorded and expressed in terms of  to-
tal photo beam counts for 5 min per animal[10].
Measurement of  anxiety: mirror chamber test

The mirror chamber consisted of a wooden cham-
ber having a mirror chamber enclosed within it. Dur-
ing the 5 min test session, following parameters were
noted-a) latency to enter the mirror chamber, b) to-
tal time spent in mirror chamber, c) number of en-
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Figure 1: Effect of curcumin on locomotor activ-
ity in acute immobilization stress. ªP<0.05 as com-
pared to naïve, bP<0.05 as compared to control,
cP<0.05 as compared to cur(10mg/kg). (One-Way
ANOVA followed by Tukey’s test)
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tries in mirror chamber. Animals were placed indi-
vidually at the distal corner of the mirror chamber at
the beginning of the test. An anxiogenic response
was defined as decreased number of entries and time
spent in the mirror chamber[11].
Measurement of antinociception

The nociceptive threshold was determined as the
tail flick latencies elicited in response to radiant
heat[12]. Baseline latencies to tail flick withdrawal from
the radiant heat source(3-5s) were established. A cut-
off  time of  10s was observed to prevent any injury
to the tail[13].
Biochemical parameters

All the animals were sacrificed by decapitation
on the same day following behavioral assessment.
The brains removed, rinsed in isotonic saline and
weighed. A 10% (w/v) tissue homogenate was pre-
pared with 0.1M phosphate buffer (pH 7.4). The post
nuclear fraction was obtained by centrifugation of
the homogenate at 12000×g for 20 min at 4°C.
Lipid peroxidation assay

The quantitative measurement of lipid peroxidation
in the whole brain was measured according to the
method of Wills[14]. The amount of malondialdehyde
formed was measured by the reaction with
thiobarbituric acid at 532 nm using Perkin Elmer
lambda 20 spectrophotometer. The results were ex-
pressed as nanomole of malondialdehyde per milli-
gram protein using the molar extinction coefficient
of chromophore (1.56×10M-1 cm-1).
Estimation of reduced glutathione

Reduced glutathione in the brain was estimated
according to the method of Ellman[15]. A 1.0 ml of
homogenate was precipitated with 1.0 ml of 4% sul-
fosalicylic acid by keeping the mixture at 4°C for 1h
and the samples were immediately centrifuged at
1200×g for 15 min at 4°C. The assay mixture con-
tains 0.1ml of supernatant, 2.7ml of phosphate buffer
of pH 8.0 and 0.2ml of 0.01M-dithiobisnitrobenzoic
acid (DTNB). The yellow color developed was read
immediately at 412nm using Perkin Elmer lambda
20 spectrophotometer. The results were expressed
as nanomole GSH per milligram protein.
Nitrite estimation

TABLE 2: Effect of  curcumin on immobilized-induced biochemical alteration in whole brain of  mice
Treatment 
(mg/kg) 

LPO (moles of 
MDA/mgpr) 

Red.GSH (micromoles of 
GSH/mgpr) 

Nitrite 
(µg/ml) 

Catalase (µ Mole of 
H2O2/min/mgpr 

Naive 0.168±0.03 0.065±0.0018 318±2.94 0.7050±0.03 
Control 0.61±0.03a 0.0147±0.002a 649.75±4a 0.128±0.03a 
Cur(10) 0.479±0.04 b 0.0412±0.002b 462±4.16b 0.298±0.01b 
Cur(20) 0.316±0.03c 0.0501±0.0019c 510±3.1c 0.368±0.09c 

Values are expressed as Mean ± SEM.  ªP<0.05 as compared to naïve, bP<0.05 as compared to control, cP<0.05 as compared to Cur (10mg/kg).
(One-Way ANOVA followed by Tukey’s test).
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Figure 2: Effect of Curcumin on pain perception
in acute immobilization stress. ªP<0.05 as com-
pared to naïve, bP<0.05 as compared to control,
cP<0.05 as compared to Cur (10 mg/kg). (One-Way
ANOVA followed by Tukey’s test)

Values are expressed as Mean ± SEM.  ªP<0.05 as compared to naive,
bP<0.05 as compared to control, cP<0.05 as compared to Cur (10 mg/kg).
(One-Way ANOVA followed by Tukey’s test)

Drug 
Treatment 
(mg/kg) 

Latency to 
enter mirror 

chamber 
(Mean± 

SEM) sec 

No. of 
Entries in 

mirror 
chamber 
(Mean± 
SEM) 

Time Spent 
in mirror 
chamber 
(Mean ± 
SEM) sec 

Naive  39±8.81 3±0.71 120±10.21 
Control 
(Stressed) 82±5.09a 0.5±0.29a 1.25±0.75a 

Cur (10) 52.60±1.2b 2.16±0.62b 35.6±1.70b 
Cur (20) 59.16±2.06c 2.99±0.72c 41.86±2.98b 

TABLE 1: Anti-anxiety effect curcumin in mirror
chamber test
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Nitrite is the stable end product of nitric oxide
(NO) in living system. Accumulation of nitrite was
measured in cell free supernatants from brain
homogenates by spectrophotometer assay based on
Greiss reagent 15(1% sulphanilamide/0.1%
naphthylethylenediamine dihydrochloride/2.5% phos-
phoric acid) and incubated at room temperature for
10 min to yield a chromophore. Absorbance was read
at 543 nm spectrophotometrically. The nitrite con-
centration was calculated from a standard curve us-
ing sodium nitrite as standard and expressed as mi-
cro molar nitrite per milliliter homogenate[16].
Protein estimation

The protein content was measured according to
the method of  Lowry using bovine serum albumin
as standard[17].
Catalase estimation

Catalase activity was assayed by the method of
Luck[18], wherein the breakdown of hydrogen perox-
ide (H2O2) is measured at 240 nm. Briefly, the assay
mixture consisted of 3 ml of H2O2 phosphate buffer
and 0.05 ml of supernatant of tissue homogenate
(10%), and the change in absorbance was recorded
at 240 nm. The results were expressed as micromole
H2O2 decomposed per milligram of protein/min.
Statistical analysis

All the values are expressed as mean±SEM. The
data were analyzed by using one way analysis of vari-
ance followed by Tukey’s test. P<0.05 was consid-
ered statistically significant.

RESULTS

Behaviour measurements (Locomotor, anxiety
and analgesic activity)

6-hour acute immobilization stress significantly
decreased the locomotor activity(as indicated by de-
creased ambulatory movements), anxiety (increased
the latency to enter in mirror chamber, decreased num-
ber of entries and time spent in the mirror chamber)
antinociceptive activity (increased tail flick latency).
The effect was significant as compared to naïve
mice(P<0.05). Pretreatment with curcumin(10 and
20mg/kg, ip) significantly improved ambulatory move-
ments, anxiety(decreased time latency to enter in mir-

ror chamber, increased number of entries and dura-
tion in mirror chamber) and reduced tail flick latency.
The effects were significant as compared to
control(stressed mice) (P<0.05).
Measurement on biochemical estimations

6-hour acute immobilization stress significantly in-
creased malondialdehyde, nitric oxide levels (as indi-
cated by a rise in whole brain nitrite level) and de-
pleted reduced glutathione and catalase activity as
compared to naive animals(P<0.05). Pretreatment
with curcumin (10 and 20mg/kg, ip) significantly re-
versed the increase in malondialdehyde level, nitrite
activity and restored depleted reduced glutathione and
catalytic activity as compared to control (P<0.05).

DISCUSSION

Stress has significant impact upon the immune,
circulatory and nervous system[19-23] and cause im-
munological, cardiovascular, and neurodegenerative
disorders[23,5]. Acute stress is a result of a traumatic
event that makes a person fear and helplessness.
Acute stress has been reported to influence behav-
ioral activity such as motor activity, anxiety and pro-
duces antinociceptive effect[24-26]. Diets rich in veg-
etables and fruits are associated with reduced risk
of several major diseases, including neurodegenerative
disorders. Although some beneficial phytochemicals
might function solely as antioxidants, it is becoming
clear that many of the beneficial chemicals in veg-
etables and fruits evolved as toxins(to dissuade in-
sects and other predators) that, at sub toxic doses,
activate adaptive cellular stress-response pathways
in a variety of cells including neurons[27].

In the present study, immobilization stress signifi-
cantly decreased motor activity after an acute stress
of 6hr in mice. Its lucid that oxidative stress play role
in the pathogenesis of motor activity[8]. It is also re-
ported that immobilization stress decreased motor ac-
tivity, modulate anxiety[26], depression-related behav-
iors and alter the pain perception[24]. In the present study,
curcumin decreased anxiety level and increased pain
perception, suggesting its antistress effect.

Stress activates hypothalamus-pituitary-adrenal
axis (HPA) axis and influence several neurological
function at both central and peripheral level. Besides,
neurotransmitters and neuropeptides also influence
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HPA axis activity by acting at the hypothalamic or
suprahypothalamic level[28]. Oxidative stress has been
implicated in the pathophysiology of  many neuro-
logical disorders such as Alzheimer, Huntington dis-
ease etc[29,30]. Oxidative stress can cause cellular dam-
age and neuro-degeneration by inducing the reactive
oxygen species (ROS) that oxidize vital cellular com-
ponents such as lipids, proteins and DNA[20]. In the
present study, 6 hour immobilized stress significantly
increased lipid peroxidation, nitrite activity and de-
pleted reduced glutathione and catalase activity in
stressed mice brains, suggesting oxidative stress due
to immobilization in mice. Stress has also been
known to increase the MDA levels and decreases
the reduced glutathione activity[31,27]. Curcumin, a well
known antioxidant, acts by scavenging of reactive
oxygen/nitrogen species or their precursors, inhibi-
tion of  ROS formation, binding of  metal ions needed
for the catalysis of ROS generation and up- regula-
tion of endogenous antioxidant defenses[20,32,7]. In the
present study, curcumin significantly reversed immo-
bilization-induced oxidative stress indicators in mice,
suggesting its beneficial role in stress related prob-
lem. However, the exact mechanism of its action is
far from elucidation.

CONCLUSION

The present study has shown that curcumin is
effective at ameliorating immobilization stress-in-
duced behavioral alterations and oxidative stress.
Present findings further support the therapeutic po-
tential of curcumin as neuroprotectant in the treat-
ment of  stress-related disorders.
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