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INTRODUCTION

Piracetam, a low molecular weight derivative of 
γ-aminobutyric acid, is widely used in treatment of 
cognitive disorders, ischemia, epilepsy, hypoxia and 
palatal myoclonus (Leuner et al. 2010). Protective 
effects of piracetam on brain function against hypoxic 
insults have also been reported in experimental ani-
mals and in cultured cells (He et al. 2008). It increases 
the oxygen consumption thus mitochondrial activity in 

rat brains (Keil et al. 2006) and its efficacy is usually 
associated with conditions of disturbed brain functions 
as observed in aging (Muller et al. 1997). Cognitive 
impairment is age related disease in which piracetam 
offered clinically proved protection (Leuner et al. 
2010). In aged individuals the decreased level of anti-
oxidants thus increased oxidative stress has been 
reported (Rybka et al. 2011) which might be the target 
for piracetam but such reports are scarce.

Piracetam offered anti-oxidative effects in blood 
cells and peritoneal macrophage at high concentration 
(Horvath et al. 2002, Singh et al. 2011) but information 
regarding the effect of piracetam in brain cells is lim-
ited. The continuous clinical use of piracetam with 
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fewer side effects led us to explore its neuroprotective 
mechanisms. The adverse effects of piracetam like 
anxiety, insomnia, drowsiness and agitation are of 
short duration and reversible (Malykh and Sadaie 
2010). Fedi and others (2001) reported the long term 
use of piracetam and suggested that it may be safe for 
up to 18 months in humans at doses of 3.2 gm daily.

In one of our previous study we have showed that 
piracetam provide significant protection against 6-hy-
droxydopamine induced DNA damage in human neuro-
blastoma SHSY5Y cells (Goswami et al. 2011). He and 
others (2014) have also showed that piracetam amelio-
rate the oxygen and glucose deprivation induced oxida-
tive injury in cortical neurons. Recently we have 
reported that piracetam induced protective pathway 
involve the translocation of endonuclease G in non-
neuronal cells (Gupta et al. 2014). The present study was 
conducted to evaluate the anti-oxidative effect of pirac-
etam in different brain regions related to Alzheimer’s 
(frontal cortex and hippocampus) and Parkinson’s (mid 
brain) diseases. Recently Sendrowski and others (2015) 
have also reported that piracetam could offer protection 
against amyloid beta induced neuronal damage. 

Rotenone is an environmental pesticide that induces 
oxidative stress, disturbs mitochondrial function and 
causes morphological alterations in neurons (Testa 
et  al. 2005). In previous study we have showed the 
rotenone induced impaired mitochondrial function and 
oxidative stress in time (1 and 7 day) and concentration 
(3 µg, 6 µg and 12 µg of rotenone) dependent manner 
(Swarnkar et al. 2010, 2011). Based on the previous 
reports, in the present study the rotenone was selected 
to induce the oxidative stress in brain cells. For in vivo 
study the 12 µg rotenone was administered in intrac-
erebroventricular (icv) region of rat brain which is suf-
ficient to cause impaired mitochondrial function and 
oxidative stress (Swarnkar et al. 2010). 

MATERIALS AND METHODS

Chemicals – Rotenone, piracetam, DMSO (dimethyl 
sulphoxide) 5, 5-dithiobis 2-nitrobenzoic acid (DTNB), 
thiobarbituric (TBA) from Sigma Chemicals Co. (St. 
Louis, MA, USA). Anesthetic ether and folin’s reagent 
was purchased from Sisco Research Laboratories 
Limited, Mumbai, India. Trichloroacetic acid (TCA) 
was purchased from Qualigens India and hydrochloric 
acid (HCl) from Thermo Fisher Scientific India Pvt. 
Ltd. Mumbai, India.

Animals

The experiments were carried out with adult male 
Sprague–Dawley rats (170–220 g). The animals were 
kept in polyacrylic cages and maintained under stan-
dard housing conditions (room temperature 22±1˚C 
and humidity 60–65%) with 12 h light and dark cycle 
(lights on at 6:00 am). The food in form of dry chow 
pellets and water were available ad libitum. The ani-
mals were procured from the National Laboratory 
Animal Center of Central Drug Research Institute and 
experiments were performed according to internation-
ally followed ethical standards and approved by the 
animal research ethics committee of CSIR – Central 
Drug Research Institute (IAEC/2011/16/01). The num-
ber of rats in each group was 5–8.

Ex vivo experiments in brain homogenate

Ex vivo experiments were performed in brain homo-
genate of different brain regions by using two experi-
mental designs. 

Experimental design 1: The animals were sacrificed 
and brain homogenate was prepared. Brain homoge-
nate was treated with rotenone (1 mM, 2 mM, 4 mM; 
Swarnkar et al. 2009) and rotenone+piracetam (10 
mM; Singh et al. 2011) for 1 h. After treatment the 
homogenate was processed for estimation of enzy-
matic activity. The experimental sets were control, 
vehicle, rotenone and rotenone+piracetam. 

Experimental design 2: The animals were pretreated 
with piracetam (600 mg/kg, oral) for seven consecu-
tive days (He et al. 2008). On eighth day rats were 
sacrificed and brain homogenate was prepared and 
treated with rotenone (1 mM, 2 mM, 4 mM) for 1 h 
and processed for estimation of GSH and MDA level. 

Preparation of brain homogenate and treatment for 
ex vivo study

Rats were anesthetized with diethyl ether as 
described by Candelario-Jalil and others (2000), intra 
cardiac perfusion with saline was done and rats were 
sacrificed by decapitation and whole brain was 
removed. The brain regions mid brain, hippocampus 
and frontal cortex were isolated and processed for dif-
ferent estimations. Homogenates of different brain 
regions, 10% (w/v) were prepared in sodium phosphate 
buffer (30 mmol/l, pH 7.0) using Ultra-Turrax T25 
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(USA) homogenizer. Rotenone was dissolved in 
DMSO, PEG and brain homogenate was treated with 
different concentration of rotenone (1 mM, 2 mM and 
4 mM). Then reaction mixture of brain homogenate 
was incubated in a water bath at 37˚C for 1 h. Piracetam 
(10 mM) dissolved in saline and concurrently incu-
bated with rotenone in separate set. Rest of the volume 
was made up to 1ml by DMSO, PEG. Vehicle and 
doses of rotenone and piracetam were selected on the 
basis of earlier reports (Facino et al. 1995, Singh et al. 
2011). After incubation the homogenate was used for 
GSH and MDA assays. Each experiment was done 
separately in duplicate and number of animals in each 
group was 5–8. The DMSO concentration was adjust-
ed in such a manner that the final concentration was 
not above 0.1% for the experiment.

In vivo experiments

Groups and treatment – Pre-treatment of piracetam 
(600 mg/kg, oral) was given to rats for seven consecu-
tive days. On eighth day the rotenone (12 µg, 6+6 
bilateral intracerebroventricular) was administered in 
the rat brain and rats were sacrificed after 1 h and 24 h 
of rotenone administration. The groups were control, 
vehicle (DMSO treated), per se piracetam, rotenone 
1  h, rotenone 24 h, rotenone 1 h + piracetam (pre-
treated), rotenone 24 h + piracetam (pretreated). 

Rotenone injection in rat brain

Rat was anesthetized with chloral hydrate (300 mg/kg, 
i.p.) and placed on a stereotaxic frame (Stoelting, USA) 
for surgery. Rotenone was dissolved in DMSO and 
injected in intracerebroventricular region of rat brain 
bilaterally (total 12 µg, 6 μg each side) for its better dif-
fusion in different brain regions. The stereotaxic coordi-
nates for intracerebroventricular regions were AP – 0.8 
mm, L – 1.6 mm and DV – 3.5 mm, from the bregma 
point (Paxinos and Watson 1982). Proper postoperative 
care was done till the animals recovered completely. 

Preparation of brain homogenate for biochemical 
estimations

Rats were anesthetized with mild ether anaesthesia 
and perfused with pre chilled saline by intra-cardiac 
injection. After perfusion the brain was dissected to 
isolate the mid brain, frontal cortex and hippocampus 

(Glowinski et al. 1966). Rat brain homogenate (10%, 
w/v) of different regions was prepared in sodium phos-
phate buffer (30 mM/l, pH 7.0) by using Ultra-Turrax 
T25 (USA) at a speed of 9500xrpm. The homogenate 
was collected and immediately processed for biochem-
ical estimations.

Glutathione (GSH) estimation

Reduced glutathione (GSH) as a marker of oxida-
tive stress was estimated (Sharma and Gupta 2003). 
Homogenates were deproteinized using 1% 
Trichloroacetic acid (TCA) and centrifuged for 5 min 
at 5000xrpm at 4˚C. GSH was estimated in superna-
tant which yielded yellow color with DTNB and 
potassium phosphate buffer (0.1 M, pH 8.4). 
Absorbance was read immediately at 412 nm using 
ELISA plate reader (BIO-TEK Instruments). The 
assay for each sample was run in duplicate. The GSH 
concentration in the samples was extrapolated from 
the standard curve obtained by plotting the OD of the 
standard GSH concentrations. Results are expressed 
as GSH μg/mg protein. 

Malondialdehyde (MDA) estimation

Estimation of MDA was done as a marker of lipid 
peroxidation (Colado at al. 1997). Homogenate was 
deproteinized with 30% TCA and 5N HCl, followed 
by 2% TBA in 0.5 N sodium hydroxide. The reaction 
mixture was incubated on a water bath at 90˚C for 15 
min and after cooling at room temperature it was 
centrifuged in Biofuge Fresco (Heraeus, Germany) 
at 5000xrpm for 10 min. The supernatant was col-
lected and the absorbance was measured at 532 nm, 
using ELISA plate reader (BIO-TEK Instruments). 
The assay for each sample was run in triplicate. The 
MDA concentration in the samples was extrapolated 
from the standard curve obtained by plotting the 
O.D. of the standard concentrations of tetraethoxy-
propane (TEP). Results are expressed as MDA nmol/
mg protein.

Estimation of protein content

Protein concentration in the homogenates of differ-
ent brain regions was estimated at 660nm wavelength 
(Lowry et al. 1951). Bovine serum albumin (BSA) 
0.01–0.1 mg/ml was used as standard.
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Estimation of piracetam level in brain regions

Rats were orally administered with piracetam  
(600 mg/kg) for seven consecutive days. On eighth day the 
rats were sacrificed after one hour of piracetam-dosing, to 
isolate the brain for estimation of piracetam in different 
regions. The piracetam levels in different brain regions 
were estimated by liquid chromatography – mass spec-
trometry/mass spectrometry (LC-MS/MS). To 100 µl of 
the tissue homogenate, 200 µl of acetonitrile was added 
and vortexed for 10 min followed by centrifugation for 10 
min at 13000×g at room temperature. The supernatant 
(200 µl) was separated and was injected onto analytical 
Water X bridge C18 column (4.6×50, 5 µm).

Analysis was carried out using a HPLC system consists 
of Shimazdu LC-20AD pumps and SIL-HTc auto sampler 
with temperature controller on a XBridge RP18 column 
(4.6×50 mm, 5.0 μM). The system was run in isocratic 
mode with mobile phase consisting of acetonitrile and 10 
mM ammonium acetate in the ratio of 10:90 (v/v) at a flow 
rate of 0.80 ml/min. Mass spectrometric detection was 
performed on an API 4000 Qtrap mass spectrometer 
(Applied Biosystems, MDS Sciex Toronto, Canada) 
equipped with an API electrospray ionization (ESI) 
source. The mass spectrometer was operated at ESI posi-
tive ion mode and detection of the ions was performed in 
the multiple reaction monitoring (MRM) mode, monitor-
ing transition of m/z 143.0 precursor ion (M+H)+ to the 
m/z 98.0 product ion. Data acquisition and quantitation 
were performed using analyst software version 1.4.1 
(Applied Biosystems, MDS Sciex Toronto, Canada). The 
lower limit of quantification of the method was 100 ng/ml 
and linearity in the calibration curve standards were dem-
onstrated up to an upper limit of 20 µg/ml.

Statistics analysis

Results are expressed as the mean ±S.E.M. The data 
was analyzed by one way analysis of variance (ANOVA) 
followed by post-hoc Dunnett’s test or Newman-Keuls test 
to determine the significance of differences between the 
groups, P<0.05 was considered as level of significance.

RESULTS

Ex vivo study 

Experimental design 1. Effect of piracetam on rote-
none induced altered GSH and MDA level in homoge-

nate of different rat brain regions after rotenone and 
rotenone+piracetam treatment:

1) Mid brain. The GSH level in rat brain homoge-
nate of control rat (untreated) was 14.7±0.9 μg/mg 
protein. After treatment with different concentration 
of rotenone (1 mM, 2 mM and 4 mM) for 1 h, the GSH 
and MDA levels were significantly altered (Fig. 1). 
Rotenone (4 mM) treatment to brain homogenate 
caused significant (p<0.01) decrease in GSH level 
(3.01±0.7 μg/mg protein) which is significantly 
decreased in comparison to control. Co treatment of 
piracetam offered significant (p<0.05) protection 
against rotenone induced decreased GSH level and 
level reverted to 5.0±0.3 μg/mg protein (Fig. 1A). The 
MDA level in brain homogenate of control set was 
0.14±0.01 nmol/mg of protein while in rotenone treated 
(4 mM) brain homogenate the MDA level was 
1.04±0.002 nmol/mg of protein, which was signifi-
cantly (p<0.01) increased in comparison to control 
values (Fig. 1B). The MDA level in rotenone+piracetam 
treated set was 0.7±0.01 nmol/mg of protein which was 
significantly (p<0.01) less in comparison to rotenone 
treated set.

2) Frontal cortex. The GSH level in brain homoge-
nate of control rat was 13.2±1.03 μg/mg protein. 
Rotenone treatment caused significantly (p<0.01) 
decreased GSH level with increased concentration of 
rotenone. The GSH level in highest concentration 
(4  mM) of rotenone was 3.3±0.5 μg/mg protein. Co 
treatment of piracetam did not offer significant protec-
tion (Fig. 1A). Rotenone treatment to brain homoge-
nate caused significant (p<0.01) increase of MDA level 
in comparison to brain homogenate of control rats. The 
MDA level in rat brain homogenate of control rat was 
0.3±0.02 nmol/mg of protein while in rotenone (4 mM) 
treated brain homogenate the level was 0.94±0.003 
nmol/mg of protein which was significantly (p<0.01) 
higher in comparison to control rats (Fig. 1B). Co 
treatment of piracetam did not offer significant protec-
tion in MDA level (0.8±0.01 nmol/mg of protein).

3) Hippocampus. The GSH level in brain homoge-
nate of control rats was 14.6±1.03 μg/mg protein which 
was significantly (p<0.01) decreased with rotenone 
treatment in concentration dependent manner. The 
GSH level in rotenone (4 mM) treated brain homoge-
nate was 2.5±0.03 μg/mg protein. Co treatment of 
piracetam did not offer significant protection at high-
est concentration of rotenone (4 mM). However, at 
lower concentration of rotenone (1 mM) significant 
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Fig. 1. (A) Graphs illustrating the levels of GSH in brain homogenate. The brain homogenate of mid brain, frontal cortex 
and hippocampus was prepared as described in method section. The brain homogenate was treated with rotenone (1 mM, 
2 mM and 4 mM) and rotenone+piracetam (P=10 mM) for 1 h. After treatment the homogenate was processed for GSH 
estimation. *=p<0.05 control vs. rotenone treatment. $=p<0.05 rotenone vs. rotenone+piracetam treatment. Data is presented 
as mean ±SEM. (B) Graphs illustrating the levels of MDA in brain homogenate. The brain homogenate of mid brain, frontal 
cortex and hippocampus was prepared as described in method section. The brain homogenate was treated with rotenone 
(1 mM, 2 mM and 4 mM) and rotenone+piracetam (P=10 mM) for 1 h. After treatment the homogenate was processed for 
MDA estimation. **=p<0.01 control vs. rotenone treatment. $=p<0.05, $$=p<0.01 rotenone vs. rotenone+piracetam. Data is 
presented as mean ±SEM. 
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(p<0.05) protection was observed (Fig. 1A) and the 
GSH level was 9.06±1.1 μg/mg protein. MDA level was 
significantly increased after rotenone treatment in 
concentration dependent manner. The MDA level in 
brain homogenate of control rats was 0.30±0.01  
nmol/mg of protein while in rotenone (4 mM) treated 
brain homogenate the level was 1.0±0.02 nmol/mg of 
protein which was significantly (p<0.01) higher in 
comparison to control rats. Co treatment of piracetam 
offered significant protection against rotenone (4 mM) 
induced increased level of MDA and level was 
0.64±0.004 nmol/mg of protein (Fig. 1B). 

Experimental design 2. Effect of piracetam on rote-
none induced altered GSH and MDA level in control 
and piracetam pretreated rats in different brain 
regions:

1) Mid brain. The GSH level in mid brain of control 
rats was 9.25±0.3 μg/mg protein. Pretreatment of 
piracetam to rats for seven days offered significantly 
increased levels of GSH (12.2±1.9 μg/mg protein) 
which is in concordance to previous reports. However, 
piracetam pretreatment to rats did not offer significant 
protection against rotenone induced oxidative stress in 
brain homogenate. The GSH level in control and pirac-
etam pretreated rat brain homogenate, after rotenone 
(4 mM) treatment was 3.04±0.4 and 3.99±0.5 μg/mg 
protein respectively (Fig. 2A). The MDA level in brain 
homogenate of control rats was 0.48±0.00 nmol/mg 
protein while the level in brain homogenate of pirac-
etam treated rats was 0.42±0.00 nmol/mg protein. 
Rotenone (4 mM) treatment to rat brain homogenate of 
control and piracetam treated rats caused significant 
increase in MDA level and the level was 1.08±0.001 
and 1.0±0.001 nmol/mg protein respectively (Fig. 2B). 
Piracetam treatment did not offer significant protec-
tion against rotenone induced increased MDA levels.

2) Frontal cortex. The GSH level in frontal cortex of 
control rats was 14.1±2.9 μg/mg protein while in pirac-
etam pretreated rats the level was 12.8±3.7 μg/mg 
protein which was not significantly different in com-
parison to level of control rats. Rotenone (4 mM) treat-
ment to brain homogenate of control (piracetam 
untreated) and piracetam pretreated rats, caused sig-
nificant (p<0.01) decrease in GSH level and the level 
was 2.8±0.5 and 3.54±0.4 μg/mg protein respectively 
(Fig. 2A). The MDA level in brain homogenate of con-
trol rats was 0.42±0.00 nmol/mg protein while in brain 
homogenate of piracetam treated rats the level was 
0.34±0.001 nmol/mg protein. Rotenone (4 mM) treat-

ment to rat brain homogenate of control (piracetam 
untreated) and piracetam treated rats caused signifi-
cant increase in MDA level and level was 1.0±0.002 
and 1.0±0.001 nmol/mg protein respectively. Piracetam 
pretreatment did not offer significant protection against 
rotenone induced increased MDA level (Fig. 2B). 

3) Hippocampus. The GSH level in hippocampus of 
control rats was 7.85±0.5 μg/mg protein while in pirac-
etam pretreated rats the level was 9.6±0.3 μg/mg pro-
tein which was higher in comparison to control sets. 
Rotenone (4 mM) treatment to brain homogenate of 
control (piracetam untreated) and piracetam pretreated 
caused decreased GSH level. The GSH level in control 
(piracetam untreated) and piracetam pretreated rats 
was 3.2±0.2 and 3.2±0.1 μg/mg protein respectively. 
Piracetam pretreatment did not offer significant pro-
tection at higher concentration of rotenone (4 mM). 
However, at lower concentration of rotenone, pirac-
etam offered significant (p<0.05) protection against 
rotenone induced augmented GSH level. Piracetam-
pretreatment offered significant protection ($=p<0.05) 
against rotenone induced oxidative stress (Fig. 2A). 
The MDA level in brain homogenate of control rats 
was 0.38±0.00 nmol/mg protein while in brain homo-
genate of piracetam pretreated rats the level was 
0.37±0.004 nmol/mg protein. The MDA level in rote-
none (4 mM) treated brain homogenate of control and 
piracetam pretreated rats was 1.11±0.001 and 0.93±0.00 
nmol/mg protein respectively (Fig. 2) which was not 
significantly different (Fig. 2B). However, pretreat-
ment of piracetam offered significant (p<0.01) protec-
tion against rotenone (1 mM and 2 mM) induced aug-
mented MDA level (Fig. 2B).

In vivo study

Effects of piracetam on rotenone induced altered 
GSH and MDA level in rat brain regions after 1 h and 
24 h of rotenone administration:

1) Mid brain. In control rats the GSH level was 
9.98±1.6 μg/mg protein. In piracetam pretreated rats 
the significant increase in GSH level was observed and 
level was 19.8±2.6 μg/mg protein (p<0.01). After 1 h of 
rotenone administration no significant alteration in 
GSH level was observed and the level was 10.7±1.2  
μg/mg protein. However, after 24 h of rotenone admin-
istration the level was decreased significantly and level 
was 3.7±0.9 μg/mg protein (p<0.05). In piracetam pre-
treated rats the level of GSH in rotenone administered 
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Fig. 2. (A) Graphs illustrating the GSH level in brain homogenate in piracetam pretreated and piracetam untreated rats. After 
constitutive 7 days of piracetam treatment rats were sacrificed. The brain homogenate of mid brain, frontal cortex and hip-
pocampus was prepared as described in method section. The brain homogenate was treated with rotenone (1 mM, 2 mM and 
4 mM) for 1 h. After treatment the homogenate was processed for GSH estimation. **=p<0.01 control vs. rotenone treatment. 
Data is presented as mean ±SEM. (B) Graphs illustrating the MDA level in brain homogenate of piracetam pretreated and 
piracetam untreated rats. After constitutive 7 days of piracetam treatment rats were sacrificed. The brain homogenate of mid 
brain, frontal cortex and hippocampus was prepared as described in method section. The brain homogenate was treated with 
rotenone (1 mM, 2 mM and 4 mM) for 1 h. After treatment the homogenate was processed for MDA estimation. **=p<0.01 
control vs. rotenone treatment. Data is presented as mean ±SEM. 
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Fig. 3. (A) Graphs illustrating the levels of GSH in different regions of rat brain after rotenone (icv) and rotenone 
(icv)+piracetam (oral) administration. Pretreatment of piracetam offered significant protection against rotenone induced 
oxidative stress. R-rotenone *=p<0.05 control vs. rotenone treated, $=p<0.05 rotenone vs. rotenone+piracetam, #=p<0.05, 
###=p<0.001 rot – 1 h vs. rot – 24 h. Data is represented as mean ±SEM. (B) Graphs illustrating the levels of GSH in dif-
ferent regions of rat brain after rotenone (icv) and rotenone (icv)+piracetam (oral) administration. Pretreatment of piracetam 
offered significant protection against rotenone induced oxidative stress. R-rotenone *=p<0.05, p<0.01 control vs. rotenone 
treated, $=p<0.05, $$$=p<0.001 rotenone vs. rotenone+piracetam, #=p<0.05, ##=p<0.01 rot – 1 h vs. rot – 24 h. Data is 
represented as mean ±SEM.
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rats after 1 h and 24 h was 10.8±1.3 μg and 5.3±1.9  
μg/mg protein showed the significant attenuation 
against rotenone induced decreased GSH level (Fig. 
3A). In control rats the MDA level was 0.17±0.08 
nmol/mg of protein. The MDA level was not signifi-
cantly altered in piracetam pretreated rat brain regions. 
In rotenone 24 h group the significant increase in 
MDA level was observed and level was 1.60±0.2 nmol/
mg of protein (p<0.01). While in rotenone 1 h group no 
significant alteration was observed in comparison to 
control rats. Piracetam pretreatment offered signifi-
cant (p<0.001) protection against rotenone induced 
increased MDA level in rotenone 24 h group and level 
was 0.10±0.12 nmol/mg of protein (% of control) (Fig. 
3B).

2) Frontal cortex. In control rats the GSH level was 
10.9±1.6 μg/mg protein. No significant alteration in 
GSH level was observed in piracetam pretreated rats. 
After 24 h of rotenone administration significant 
(p<0.01) decrease in GSH level and level was 4.47±0.4 
μg/mg protein (p<0.01). However, no significant altera-
tion was observed in rats of rotenone 1 h group. In 
piracetam pretreated rat brain significant (p<0.05) 
attenuation against rotenone induced decreased GSH 
level was observed after 24 h of rotenone administra-
tion and the level was 7.1±1.5 μg/mg protein. In rote-
none 1 h group with and without piracetam treatment 
no significant alteration in GSH level was observed in 
comparison to control rats (Fig. 3A). In control rats the 
MDA level was 0.15±0.04 nmol/mg of protein. MDA 
level in piracetam treated rats was 0.18±0.08 nmol/mg 
of protein. After 24 h of rotenone administration the 

significant (p<0.01) increase in MDA level was observed 
and the level was 1.6±0.2 nmol/mg of protein. However 
in rotenone 1 h group, no significant increase was 
observed. Piracetam pretreated rats showed significant 
(p<0.05) protection against rotenone induced increased 
MDA level in rotenone 24 h group and level was 
0.19±.03 nmol/mg of protein (Fig. 3B).

3) Hippocampus. In control rats the GSH level was 
11.9±1.5 μg/mg protein. Piracetam pretreated rats did 
not show significant alteration in GSH level and level 
was 12.4±1.2 μg/mg protein. After 24 h of rotenone 
administration significant decrease in GSH level was 
observed and level was 3.6±0.21 μg/mg protein 
(p<0.01). However, no significant alteration was 
observed in rats of rotenone 1 h group in comparison 
to control rats. In piracetam pretreated rat brain sig-
nificant (p<0.05) attenuation against rotenone induced 
decreased GSH level was observed and level was 
3.2±0.4 μg/mg protein. In rotenone 1 h group with and 
without piracetam treatment no significant alteration 
in GSH level was observed (Fig. 3A). In control rats 
the MDA level was 0.18±0.03 nmol/mg of protein. 
MDA level in piracetam treated rats was 0.17±0.04 
nmol/mg of protein. After 24 h of rotenone administra-
tion the significant (p<0.01) increase in MDA level 
was observed and the level was 1.1±0.05 nmol/mg of 
protein. However in rotenone 1 h group no significant 
increase was observed. Piracetam pretreated rats 
showed significant (p<0.05) protection against rote-
none induced increased MDA level in rotenone 24 h 
group and level was 0.16±0.02 nmol/mg of protein 
(Fig. 3B).

Level of piracetam in different brain regions

The representative chromatogram for the LC-MS/MS 
analysis of the piracetam in the brain tissue is given in 
Fig. 4. The mean concentration of piracetam in each 
brain regions (µg/gm of tissue) is shown in the table I. In 
frontal cortex the level of piracetam was 45.40±0.53  
µg/gm of tissue which was higher in comparison to mid 
brain and hippocampus region though it was not signifi-
cantly different. 

DISCUSSION

In the present study piracetam pretreatment exhib-
ited the significant protection against rotenone induced 
oxidative stress in different brain regions though the 

Table I

Level of piracetam in different brain regions of control 
and piracetam treated rats. Concentration expressed as 
mean ±SEM

Brain parts Control (µg/g) Treated (µg/g)

MB 0 33.50±0.44

STR 0 31.89±0.35

HP 0 42.40±0.56

FC 0 45.40±0.53

CC 0 49.40±0.52
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pattern varied with respect to different brain regions. 
Previously we have showed that rotenone (12 µg) is 
able to cause the mitochondrial impairment and oxida-
tive stress in time dependent manner (Swarnkar et al. 
2010). Therefore in the present study 12 µg of rotenone 
concentration was selected to evaluate the efficient 
antioxidant like property of piracetam. The depleted 
tyrosine hydroxylase expression was also reported 
after 12 µg administration of rotenone in rat brain 
(Swarnkar et al. 2013). To assess the absorption of 
piracetam in rat brain after its oral administration, the 
piracetam level were estimated in studied rat brain 
regions by LC-MS/MS. Data showed that oral admin-
istration of piracetam led to approximate hundred 
percent absorption of piracetam.

Rotenone is a naturally occurring toxin extracted 
from various parts of leguminous plants and com-
monly used as pesticide. It induces the generation of 
reactive oxygen species (ROS) directly and via the 
activation of neuronal supportive glial cells which in 
turn contribute in neuronal death (Swarnkar et al. 
2010). It crosses the blood brain barrier thus all the 
brain regions are equally susceptible to rotenone 
induced neurotoxicity. Rotenone exposure also causes 
interefernce in mitochondrial trafficking which lead to 
initiation of neurodegenerative mechanisms (Chaves 
et al. 2013). In previous study the rotenone was admin-
istered intranigrally (Swarnkar et al. 2010) however in 
the present study it was injected in intracerebroven-
tricularly for its better diffusion to all regions of rat 
brain. The study was conducted in mid brain, frontal 
cortex and hippocampus regions of rat brain which are 

involved in the pathology of Alzheimer’s and 
Parkinson’s disease.

To assess the oxidative stress and lipid peroxidation, the 
glutathione (GSH) and malonaldehyde (MDA) levels were 
estimated. In physiological conditions, tissues have a 
functional antioxidant molecule GSH that is depleted due 
to oxidative stress. It prevents the damage to important 
cellular components caused by reactive oxygen species 
such as free radicals and peroxides (Pompella et al. 2003). 
Excessive generation of free radicals causes decreased 
GSH level thus contributes in oxidative stress and conse-
quent brain damage (Jain et al. 1991). MDA level were 
estimated as an indicator of membrane lipid peroxidation 
and its elevated level is considered as marker of oxidative 
stress, which causes cellular damage by peroxidation of 
membrane phospholipids (Jose et al. 2001, Facino et al. 
1995, Radi et al. 1991) suggested that the increase in lipid 
peroxidation may be due to an insufficiency of the protec-
tive antioxidant systems (mainly GSH). Mitochondrial 
GSH is the main line of defense for the maintenance of 
mitochondrial redox environment due to physiologic reac-
tions of electron transport chain. Though under physiolog-
ical conditions the free radicals could be neutralized with 
antioxidant system of body, thus prevent the free radicals 
induced oxidative modifications of proteins, mitochon-
drial dysfunction and oxidative stress mediated cell death. 
Rotenone causes the inhibition of mitochondrial activity 
and resulted in increased ROS generation and decreased 
level of GSH which make cell more vulnerable to oxida-
tive stress (Deneke et al. 1989).

In the present study we have observed the decreased 
GSH and increased MDA level in all three brain 

Fig. 4. The representative chromatogram for LC-MS/MS analysis of the brain samples: (A) blank brain homogenate and (B) 
brain homogenate spiked with 100 ng/mL of piracetam. 
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regions though the protection offered with pre-treat-
ment of piracetam was varied. Piracetam pre-treatment 
offered significant protection against rotenone induced 
decreased GSH and increased MDA level in frontal 
cortex and hippocampus region. However, in mid brain 
the decreased GSH level was not significantly attenu-
ated with piracetam pre-treatment (in brain homoge-
nate) though in rat brain regions significant attenuation 
was observed with piracetam pre-treatment. The aug-
mented MDA level was also significantly attenuated 
with piracetam pre-treatment in different brain regions. 
The varied response of piracetam in different brain 
regions suggested the diverse susceptibility of neu-
ronal population against rotenone induced toxic effects. 
In few regions piracetam offered protection against 
rotenone induced decreased GSH levels while it did 
not offer protection against rotenone induced aug-
mented MDA level. Observation showed that pirac-
etam is not solely acts through enhancing GSH level 
and lipid peroxidation rather it includes other protec-
tive signalling mechanisms. In concordance to this last 
year we have reported that piracetam induced cell pro-
tection mechanisms involve the endonuclease G medi-
ated caspase independent pathway (Gupta et al. 2014). 
In addition the findings by others also indicate the 
potential use of piracetam in region and disease spe-
cific manner (Leuner et al. 2010, He et al. 2008). The 
GSH level in mid brain region of piracetam per se 
treated group was significantly higher in comparison 
to control while in frontal cortex and hippocampus no 
significant alteration was observed confirming the 
findings of the previous reports (Keil et al. 2006) and 
suggesting the effect of piracetam on mitochondrial 
activity. In the ex vivo brain homogenate experiments 
also significantly increased GSH level was observed in 
piracetam per se treated sets indicating the region spe-
cific response of piracetam. Observations from in vivo 
experiments showed that piracetam pre-treatment 
offered significant protection against rotenone induced 
(when rotenone administered in rats by icv route) oxi-
dative stress in different brain regions. Piracetam 
increases the cerebral blood flow and consequently 
increases glucose and oxygen availability (Jordaan et 
al. 1996) which is required for neuronal survival and 
this might be the reason for region specific effect of 
piracetam. Most of the neurodegenerative diseases are 
related with progressive decrease of oxygen and glu-
cose consumption with a reduction of cerebral blood 
flow (CBF), which could be responsible for age-related 

neurodegenerative disorders and this might be the 
rationale and significant efficacy of piracetam in neu-
rological diseases. In agreement to our study, it has 
been reported that piracetam induces augmented GSH 
level and inhibition of cytokine production in mice 
brain and prostate cancer cells (Navarro et al. 2013, 
Costa et al. 2013).

Previously we have reported that piracetam offered 
protection against oxidative DNA damage in peripheral 
blood leukocytes (Singh et al. 2011). It showed the mem-
brane fluidity effect of piracetam at the sub-cellular 
level for membranes of brain mitochondria (Giurgea 
et al. 1982). It also showed the protective effect towards 
mitochondrial function (Keil et al. 2006), which gets 
altered in most of the neurological disorders. Piracetam 
has protective action for the mitochondrial functions and 
mitochondrial GSH act as key survival antioxidant 
(Marí et al. 2009). Thus piracetam might act through 
enhancing the level of mitochondrial GSH and provide 
protection towards oxidative stress mediated cell death. 

From in vivo observations it appears that mid brain 
and hippocampus are more susceptible to rotenone 
induced oxidative stress in comparison to frontal cor-
tex. Piracetam offered significant protection only in 
hippocampus and frontal cortex while in mid brain no 
significant protection was observed. However in vitro 
experiments showed the more protection in brain 
homogenate of mid brain in comparison to homoge-
nate of other regions indicating the test system depen-
dent responses of piracetam reflecting the test system 
dependent findings. Though the in vivo findings are 
more relevant as reflecting the complex signaling 
mechanism of human body and the study is for the 
ultimate use of piracetam for the welfare of mankind. 
However, both test system showed the significant pro-
tection in case of regions affected in cognitive patients 
and Alzheimer’s revealing its potential therapeutic 
effect in memory related disorders. Findings also sug-
gested that use of piracetam in preventive mode might 
provide better efficacy and protective effects in com-
parison to curative mode.

In conclusion results indicated that piracetam pre-
treatment offered significant protection against rote-
none induced oxidative stress in mid brain, hippocam-
pus and frontal cortex regions of rat brain. Findings 
reflect the antioxidant like property of piracetam in 
region specific manner which might be one of the neu-
roprotective mechanisms of piracetam in cognitive 
patients and its rationale for its clinical use. 
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