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Pharmacological inhibition of PDE1 by vinpocetine attenuates 3-nitropropionic
acid-induced behavioral and biochemical abnormalities in rats
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Abstract
Enhancing cyclic nucleotide signaling by phosphodieterase inhibition (PDEs) has been
reported to be beneficial in neurodegenerative disorders. The present study was designed to
investigate the effect of vinpocetine (PDE1 inhibitor) in 3-nitropropionic acid (3-NP) induced
experimental Huntington’s disease. 3-nitropropionic acid was administered for 14 days (10
mg/kg i.p) in rats and these animals were treated with vehicle or different doses of vinpocetine
(5, 10 and 20 mg/kg i.p). Changes in body weight, cognitive and motor behavior were assessed
at different time points. Biochemically markers of oxidative stress, such as striatal glutathione
and malondialdehyde levels were assessed terminally. Chronic administration of 3-NP produced
significant decrease in body weight, showed marked abnormalities in cognitive and motor
function and increased striatal oxidative stress. Vinpocetine dose dependently attenuated 3-NP
induced behavioral and biochemical toxicity. Among the doses selected, vinpocetine at a dose
of 10 mg/kg i.p was observed to be most effective in improving learning and memory in morris
water maze and other motor functions such as grip strength, limb withdrawal and locomotor
activity in rats. Further vinpocetine significantly attenuated oxidative stress in 3-NP treated rats.
The above results suggesting that inhibition of PDE1 would be therapeutically beneficial in
motor disorders including Huntington’s disease.
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1. Introduction
Huntington's disease (HD) is a dominantly
inherited human neurodegenerative disorder
characterized by progressive motor impairment,
involuntary movements, cognitive decline, and
psychiatric disturbances leading to premature

death [1]. HD is caused by a mutation encoding
an abnormal expansion of CAG-encoded
polyglutamine repeats in a protein called
huntingtin (mhtt) [2]. Mutated htt has been
reported to impair cyclic nucleotide (cAMP and
cGMP) signaling and its downstream cAMP
response element-binding protein (CREB)
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transcriptional pathways, that has been
hypothesized to play a critical role in HD
pathology [3-12]. Moreover, decreased level
cyclic
nucleotides
were
observed
in
cerebrospinal fluid of HD patients [13]. These
findings suggest that counteracting the
decreased cyclic nucleotide signaling and loss of
CREB-regulated transcription may be beneficial
in treating HD.
Inhibition of phosphodiesterase (PDE)
enzymes is a way to enhance second messenger
mediated signaling and consequently influence
the pathways involved in cognitive and motor
functions. Phosphodiesterases are enzymes that
break down cyclic nucleotides i.e. cAMP or cGMP
or both. Type I phosphodiesterases (PDE1) are a
family
of
Ca2+calmodulin-modulated
phosphodiesterases involved in the regulation of
both cAMP and cGMP through their degradation
(Bender and Beavo, 2006). PDE1 has been
reported to be expressed in dopaminergic
regions such as the striatum and nucleus
accumbens [14,15] and the levels of PDE1B
mRNA were found to be decreased in HD
transgenic mice and in symptomatic HD patients,
all provide evidence for an mhtt-dependent
decrease in PDE1B expression [16-20].
Decreased PDE1 expression may occur either
because of a direct effect of mhtt expression or
represent a compensatory mechanism during
disease progression but it is not yet clear.
Vinpocetine
(14-ethoxycarbonyl-(3a,16aethyl)-14,15-eburnamine;
Cavinton)
is
a
synthetic derivative of the lesser periwinkle plant
alkaloid vincamine and is widely used as a
neuroprotective agent for the prevention and
treatment of central nervous system disorders of
cerebrovascular origin [21]. Vinpocetine (ethyl
apovincaminate) a classic inhibitor of PDE1
activity [22] and has been is reported to induce
significant rise in cyclic nucleotide levels and
increase CREB phosphorylation [23-26] in rat
brain. Vinpocetine has been reported to be
beneficial
in
various
neurodegenerative
disorders, including stroke, Alzheimer’s and
Parkinson’s disease (21,27,28) but it’s potential

in HD is yet to be identified. 3-Nitropropionic
acid (3-NP) act by inhibiting mitochondrial
complex II and closely mimics some of the main
behavioral and pathologic features of HD
pathology [29,30].
Moreover, 3-NP has also been demonstrated
to cause decrease in striatal cyclic nucleotide
levels and its downstream CREB mediated
transcriptional activity [31,32]. In the present
study we have investigated the effect of
vinpocetine - a PDE1 inhibitor in 3-nitropropionic
acid induced experimental Huntington’s disease
in rats.
2. Material and methods
2.1 Experimental Animals
The experiments were carried out in (5-6
months old) male Wistar rats (220-250 g)
obtained from Central Animal House of I.S.F.
College of Pharmacy, Moga, Punjab (India). They
were kept in polyacrylic cages and maintained
under standard housing conditions with 12h
light/dark reverse cycle. The food in the form of
dry pallets and water were made available ad
libitum. All behavioural experiments were
carried out between 10 AM and 4 PM. The
protocol was reviewed and approved by the
Institutional Animal Ethics Committee and the
animal experiments were carried out in
accordance with the Indian National Science
Academy Guidelines for use and care of animals.
2.2 Drugs and Chemicals
3-Nitropropionic acid (3-NP), 5,5’-dithiobis(2nitrobenzoic acid) (DTNB) was purchased from
Sigma–Aldrich, USA. Vinpocetine was received as
ex-gratia sample from covex pharma, Spain. 3NP and vinpocetine were dissolved in 1%
ascorbic acid in saline. All other chemicals used
in the study were of analytical grade. Solutions
of the drugs and chemicals were freshly
prepared before use.
2.3 Experimental Procedure
3-NP was administered at a dose of 10mg/kg
i.p for 14 days. 3-NP injected rats were treated
with vehicle, vinpocetine (5, 10 and 20 mg/kg i.p)
for 14 days 1h prior to 3-NP administration. The
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volume of injection (0.5 ml/100 g) was kept
constant throughout experimental groups.
Animals were randomly divided into six groups
(n=6) and all the observations were taken at one
fixed time between 10:00 AM and 4:00 PM
throughout the study.

allowed to swim freely in the pool for 60s and
the time spent in target quadrant, which had
previously contained the hidden platform, was
recorded. The time spent in the target quadrant
indicated the degree of memory consolidation
which had taken place after learning [27].

2.5. Measurement of body weight
Animals’ body weights were recorded on the
first and last day of the experimentation, for
calculation of percent change in body weight.

2.6.2. Spontaneous locomotor activity
Each animal was tested for spontaneous
locomotor activity on day 1, 8 and 15. Each
animal was observed over a period of 5 min in a
square closed arena equipped with infrared light
sensitive
photocells
using
a
digital
Actophotometer (INCO, India) [27].

2.6. Behavioral assessment
2.6.1. Morris water maze test
Spatial learning and memory of animals were
tested in a Morris water maze. It consisted of a
circular water tank (180cm diameter, 60cm
height) filled with water (25±1°C) to a depth of
40cm. A non-toxic water dispersible emulsion
was used to render the water opaque. Four
equally spaced locations around the edge of the
pool (North, South, East, and West) were used as
start points, which divided the pool into 4
quadrants. An escape platform (10cm in
diameter) was placed in the pool 2cm below the
surface of water. The escape platform was
placed in the middle of one of the randomly
selected quadrants of the pool and kept in the
same position throughout the entire experiment
(north-east for this study). Before the training
started, the rats were allowed to swim freely
into the pool for 60s without platform.
Animals received a training session consisting
of 4 trials per session (once from each starting
point) for 4 days (day 7, 8, 9 and 10), each trial
having a ceiling time of 80s and a trial interval of
approximately 30s. After climbing onto the
hidden platform, the animals remained there for
30s before commencement of the next trial. If
the rat failed to locate the hidden platform
within the maximum time of 80s, it was gently
placed on the platform and allowed to remain
there for the same interval of time. The time
taken to locate the hidden platform (latency in
seconds) was measured. Twenty-four hours after
the acquisition phase, a probe test (day 12) was
conducted by removing the platform. Rats were

2.6.3. Limb Withdrawl test
In this behavioral test, the animal was placed
on a 20 cm high 30 cm × 30 cm Perspex platform
containing four holes, two holes of 5 cm
diameter for the hind limbs and two holes with a
diameter of 4 cm for the forelimbs. The rat was
placed on the platform by positioning first the
hind limbs and then the forelimbs into the holes.
The times taken by the animal to retract its first
hind limb and the contralateral hind limb were
recorded. The difference between the retraction
times (sec) of both hind limbs was determined.
This is considered to be an important parameter
to measure functional abnormalities of the hind
limbs, which are indicative for the extent of
striatal degeneration [33]. The test was
performed three times with a 45 min interval
and the average values are reported.
2.6.4. String test for grip strength
The rat was allowed to hold with the
forepaws a steel wire (2 mm in diameter and 35
cm in length), placed at a height of 50 cm over a
cushion support. The length of time the rat was
able to hold the wire was recorded. This latency
to the grip loss is considered as an indirect
measure of grip strength [34].
2.7. Estimation of biochemical parameters
All the biochemical parameters were measured
in the brain homogenate on day 15
2.7.1. Brain homogenate preparation
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Animals were sacrificed by decapitation and
brains were removed and rinsed with ice-cold
isotonic saline. Brain tissue samples were then
homogenized with ice cold 0.1M phosphate
buffer (pH 7.4) in a volume 10 times the weight
of the tissue. The homogenate was centrifuged
at 10,000×g for 15 min and aliquots of
supernatant separated and used for biochemical
estimation.
2.7.2. Protein estimation
Protein was measured in all brain samples by
the method of Lowry [35] using bovine serum
albumin (BSA) (1 mg/ml) as a standard.
2.7.3. Estimation of succinate dehydrogenase
(SDH) activity
SDH is a marker of impaired mitochondrial
metabolism in brain. The quantitative
measurement of SDH levels in brain was
performed according to the method as described
in previous reports [36]. A 0.3 ml of sodium
succinate solution was mixed with the 50 μl of
gradient fraction of homogenate. The mixture
was incubated at 37 °C for 10–20 min and then
0.1 ml of solution of p-iodonitrotetrazolium
violet (INT) was added and again incubated for
further 10 min. The reaction was stopped by
adding the 1 ml of a mixture of ethyl acetate:
ethanol: tricholoroacetic acid 5:5:1 (v/v/w) and
centrifuged at 15,000 rpm for 1 min and the
absorbance at 490 nm, determined with
spectrophotometer
(Shimadzu,
UV-1700).
Results were calculated using molar extinction
coefficient of chromophore (1.36×104 M−1 cm−1)
and expressed as INT reduced µmol/mg protein.
2.7.4. Estimation of malondialdehyde (MDA)
The
quantitative
measurement
of
malondialdehyde (MDA) – end product of lipid
peroxidation - in brain homogenate was
performed according to the method of Wills [37].
The amount of MDA was measured after its
reaction with thiobarbituric acid at 532nm using
spectrophotometer (Shimadzu, UV-1700). The
concentration of MDA was determined from a

standard curve and expressed as nmol per mg
protein.
2.7.5. Estimation of reduced glutathione (GSH)
Reduced glutathione in brain was estimated
according to the method described by Ellman
[38]. One ml supernatant was precipitated with 1
ml of 4% sulfosalicylic acid and cold digested at
4°C for 1h. The samples were centrifuged at
1200×g for 15 min. To 1 ml of the supernatant,
2.7ml of phosphate buffer (0.1M, pH 8) and 0.2
ml of 5,5′dithiobis (2-nitrobenzoic acid) (DTNB)
were added. The yellow color that developed
was measured immediately at 412nm using a
spectrophotometer. The concentration of
glutathione in the supernatant was determined
from a standard curve and expressed as µmol
per mg protein.
2.7.6. Estimation of nitrite
The accumulation of nitrite in the
supernatant, an indicator of the production of
nitric oxide (NO), was determined by a
colorimetric assay using Greiss reagent (0.1% N(1-naphthyl) ethylenediamine dihydrochloride,
1% sulfanilamide and 2.5% phosphoric acid) as
described by Green [39]. Equal volumes of
supernatant and Greiss reagent were mixed, the
mixture incubated for 10 min at room
temperature in the dark and the absorbance
determined at 540nm spectrophotometricaly.
The concentration of nitrite in the supernatant
was determined from sodium nitrite standard
curve and expressed as µMol/mg protein.
3. Results
3.1. Effect of vinpocetine on body weight in 3NP treated rats.
Chronic, 3-NP treatment caused a significant
decrease in body weight as compared to vehicle
treated group [F (4, 29 = 212.9), P < 0.05] (Fig. 2).
Pretreatment with vinpocetine (5, 10 and 20
mg/kg) in 3-NP treated rats significantly
attenuated the 3-NP induced loss in body weight
(P < 0.05). vinpocetine (10 mg/kg) treatment was
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found to be most effective in curbing 3-NP
induced.
3.2. Evaluation of Behavioral Parameters
3.2.1. Effect of vinpocetine on memory
performance in Morris water maze task in 3-NP
treated rats
Except 3-NP control, the latencies to reach
the submerged platform decreased gradually in
experimental animals of all other groups during 4
days of training in Morris water maze (MWM)
task [Fig. 3]. On day 10th there was no significant
difference between the mean latencies of all
groups [F(4, 29) = 0.093]. But the mean latencies
were found to be significantly prolonged on day
11 [F(4, 29) = 10.77], 12 [F(4, 29) = 23.32] & 13
[F(4, 29) = 50.43], (P < 0.05) in the 3NP control as
compared to vehicle control, indicating their
inability to learn the task. But the 3-NP-induced
acquisition deficit was significantly improved by
chronic treatment (for 14 days) with vinpocetine
(10 mg/kg). Between the treatment groups viz vinpocetine (5, 10 and 20 mg/kg) used in the
present study, the vinpocetine 10 mg/kg
treatment was found to be most effective in
ameliorating 3-NP induced spatial memory
deficit. During the probe trial, with the platform
removed, 3NP control rats failed to remember
the precise location of the platform, spending
significantly less time in the target quadrant
compared to Vehicle control (P < 0.05). The
mean time spent in the target quadrant by 3-NP
administered groups treated with vinpocetine (5,
10 and 20 mg/kg) was significantly increased as
compared to 3NP control group in a dose
dependent manner, indicating improved
consolidation of memory [F(4, 29) = 74.53, P <
0.05] [Fig. 4].
3.2.2. Effect of vinpocetine on spontaneous
locomotor activity in 3-NP treated rats
The spontaneous locomotor activity on day 1
did not differ significantly among all the groups
[F(4, 29) = 0.39, P > 0.05] (Fig. 5). However, 3-NP
treatment caused a significant decrease in
locomotor activity as compared to vehicle
treated group (P < 0.05) as observed on day 8

and 15. Further, chronic treatment with
vinpocetine (5, 10 and 20mg/kg) [F(4, 29) =
71.81, F(4, 29) = 150, P < 0.05 on day 8 and 15
respectively] significantly improved locomotor
activity in 3-NP treated rats. However,
vinpocetine (10 mg/kg) on Day 15 was found to
be more effective compared to vinpocetine (5
mg/kg) (P < 0.05).
3.2.3. Effect of vinpocetine on Limb Withdrawal
Test in 3-NP treated rats
In LWT (day 14), 3-NP treated group showed
significant increase in the retraction time of the
hind limbs as compared to the Vehicle control
[F(4, 29) = 65.3, P > 0.05] (Fig. 6). Chronic
treatment with vinpocetine (5, 10 and 20 mg/kg)
significantly decreased the retraction time
compared to 3-NP treated rats. However, no
significant difference was observed between the
vinpocetine 10 and 20 mg/kg.
3.2.4. Effect of vinpocetine on String test for
grip strength in 3-NP treated rats
In 3-NP administered group a significant loss
in grip strength was recorded, measured by the
reduction in time to hold the metal wire as
compared to Vehicle control [F(4, 29) = 93.70, P
< 0.05] (Fig. 7), However, chronic treatment with
vinpocetine (5, 10 and 20 mg/kg) significantly
improved 3-NP induced loss in grip strength as
compared to 3-NP control group in a dose
dependent fashion.
3.3.
EVALUATION
OF
BIOCHEMICAL
PARAMETERS
3.3.1. Effect of vinpecetine on brain succinate
dehydrogenase (SDH) activity in 3-NP treated
rats
The activity of SDH was found to be
decreased significantly in brain homogenate of
3-NP treated rats as compared with those of
Vehicle control [F(4, 29) = 54.61, P < 0.05] (Fig.
8). Pretreatment with vinpocetine (5, 10 and 20
mg/kg) significantly and dose dependently
restored the 3-NP induced decrease in SDH
activity as compared to 3-NP control group (P <
0.05). Vinpocetine (10 mg/kg) was found to be
more effective than vinpocetine 5 mg/kg.
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Figure 1: Experimental Procedure ant treatment schedule

LA- Locomotor Activity, BW- Body Weight, MWM- Morris water maze, LWT- Limb Withdrawal Test, GSGrip Strength, SAC- Sacrificed and BA- Biochemical Analysis

Figure 2: Effect of vinpocetine on body weight in 3-NP treated rats.

Values are expressed as mean ± SD. @P < 0.05 as compared to vehicle, *P<0.05 versus 3-NP,
**
P<0.05 versus 3-NP and low dose of vinpocetine (5 mg/kg).
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Figure 3: Effect of vinpocetine on memory performance in Morris water maze task (Acquisition trial) in
3-NP treated rats.

Values are expressed as mean ± SD. @P<0.05 as compared to Vehicle, *P<0.05 versus 3-NP, **P<0.05
versus 3-NP and low dose of vinpocetine (5 mg/kg).
Figure 4: Effect of vinpocetine on memory consolidation in Morris water maze task (Retention trial) in 3NP treated rats.

Values are expressed as mean ± SD. @P<0.05 as compared to Vehicle, *P<0.05 versus 3-NP, **P<0.05
versus 3-NP and low dose of vinpocetine (5 mg/kg).
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Figure 5 - Effect of vinpocetine on spontaneous locomotor activity in 3-NP treated rats.

Values are expressed as mean ± SD. @P<0.05 as compared to Vehicle, *P<0.05 versus 3-NP, **P<0.05
versus 3-NP and low dose of vinpocetine (5 mg/kg).

Figure 6: Effect of vinpocetine on retraction time in limb withdrawal test in 3-NP treated rats.

Values are expressed as mean ± SD. @P<0.05 as compared to Vehicle, *P<0.05 versus 3-NP,
**
P<0.05 versus 3-NP and low dose of Vinpocetine (5 mg/kg).
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Figure 7: Effect of vinpocetine on grip strength in 3-NP treated rats.

Values are expressed as mean ± SD. @P<0.05 as compared to Vehicle, *P<0.05 versus 3-NP,
**
P<0.05 versus 3-NP and low dose of vinpocetine (5 mg/kg).
Figure 8: Effect of vinpocetine on striatal succinate dehydrogenase (SDH) activity in 3-NP
treated rats.

Values are expressed as mean ± SD.

@

P<0.05 as compared to Vehicle, *P<0.05 versus 3-NP,

**

P<0.05 versus 3-NP and low dose of vinpocetine (5 mg/kg).
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Figure 9: Effect of vinpocetine on striatal malondialdehyde (MDA) levels in 3-NP treated rats.

Values are expressed as mean ± SD. @P<0.05 as compared to Vehicle, *P<0.05 versus 3-NP,
**
P<0.05 versus 3-NP and low dose of vinpocetine (5 mg/kg).
Figure 10: Effect of vinpocetine on striatal nitrite levels in 3-NP treated rats.

Values are expressed as mean ± SD. @P<0.05 as compared to Vehicle, *P<0.05 versus 3-NP, **P<0.05
versus 3-NP and low dose of vinpocetine (5 mg/kg).
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Figure 11: Effect of vinpocetine on striatal glutathione levels in 3-NP treated rats.

Values are expressed as mean ± SD. @P<0.05 as compared to Vehicle, *P<0.05 versus 3-NP, **P<0.05
versus 3-NP and low dose of vinpocetine (5 mg/kg).

3.3.2. Effect of vinpocetine on brain
malondialdehyde (MDA) levels in 3-NP treated
rats
The level of MDA rose significantly in 3-NP
control as compared to those of Vehicle treated
rats (P < 0.05). But the treatment of these
animals with vinpocetine (5, 10 and 20 mg/kg)
significantly decreased MDA levels in a dose
dependent manner as compared with those of 3NP control [F(4, 29) = 131, P < 0.05] (Fig. 9).
3.3.3. Effect of vinpocetine on brain glutathione
(GSH) levels in 3-NP treated rats
The levels of GSH were found to be
significantly depleted after 14 days of 3-NP
treatment as compared to Vehicle treated group
animals (P < 0.05). Chronic treatment with
vinpocetine (5, 10 and 20 mg/kg) was able to

restore GSH levels in 3-NP treated rats [F(4, 29) =
146.7, P < 0.05] (Fig. 10).
3.3.4 Effect of vinpocetine on brain nitrite levels
in 3-NP treated rats
The level of nitrite rose significantly following
14 days of 3-NP administration as compared to
those of Vehicle control group (P < 0.05).
However, these animals when treated
chronically (for 14 days) with vinpocetine (5, 10
and 20 mg/kg) showed dose-dependent
significant decrease in the nitrite levels, as
compared with those of 3-NP control group [F(4,
29) = 130.1, P < 0.05] (Fig. 11).
Discussion
The present study demonstrates that
vinpocetine-a PDE1 inhibitor, significantly
attenuate 3-nitropropionic acid (3-NP) induced
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cognitive and behavioral motor deficit and
increased striatal oxidative- nutritive stress in
rats. 3-NP is a mycotoxin and has been reported
to inhibit succinate dehydrogenase (SDH) activity
resulting in mitochondrial dysfunction and
cellular energy deficits [40,41]. Reduction in
body weight can be considered as an indicator of
3-NP induced neurotoxicity in rats. In the present
study, chronic administration of 3-NP produced
significant reduction in SDH activity and body
weight in rats. Huntington's disease patients
often show degeneration of hypothalamic
neurons and loss of body weight [42]. Loss in
body weight may be due to dysphagia as well as
degeneration of hypothalamic orexin positive
neurons [43,44]. Alternatively, loss in body
weight and hypoactivity could be simply because
of depressed energy metabolism after 3-NP
administration. In the present study, vinpocetine
dose dependently restored SDH activity and
body weight in 3-NP treated rats, indicating its
ability to restore cerebral energy. Indeed,
vinpocetine has been reported to improve
cerebral blood flow [45] perhaps by elevating
cGMP levels and improve mitochondrial function
[46], oxygen uptake and glucose utilization of
whole brain [24,47] thereby restoring cerebral
energy balance.
In the present study, chronic administration
of 3-NP in rats produced significant acquisition
and retention deficit in Morris water maze task.
Further, 3-NP treatment also produced
significant reduction in spontaneous locomotor
activity, loss of grip strength and increase in
retraction time in limb withdrawal tests,
indicative of striatal degeneration and motor
impairment [48]. The present findings are in tune
with earlier reports, demonstrating similar
cognitive and motor deficits following 3-NP
administration in rats [49,50,51]. In the present
study, chronic administration of vinpocetine in 3NP treated rats, dose dependently improved
cognitive and motor behaviors. Vinpocetine
produced significant improvement in acquisition
and retention in Morris water maze and restored
motor functions such as locomotor activity,
griping abilities and spontaneity of limb

withdrawal in 3-NP treated rats. These results
suggesting the ability of vinpocetine to restore
striatal and hippocampal functions and may
prevent degeneration of these neurons following
3-NP administration.
3-NP-induced cognitive and motor deficit
could be related to its selective striatal and
hippocampal neuronal damage [52-55]. Among
the affected neurons in the hippocampal
complex are the pyramidal neurons in the CA1 as
well as various neurons in the CA3 region and
dentate hilar area [55]. Besides, 3-NP has also
been demonstrated to cause decrease in striatal
cyclic nucleotide levels and its downstream CREB
mediated transcriptional activity [31,32]. Indeed,
similar decrease in cyclic nucleotide levels and
CREB activity was observed clinically in HD
patients [3-6,13,56,] as well as in genetic and
pathogenic models of HD [10,11]. Decrease in
cyclic nucleotides and CREB mediated
transcriptional activity have been considered to
play a major role in cognitive and motor
abnormalities associated with HD pathology [8,
11]. Vinpocetine – a potent PDE1 inhibitor has
been reported to induce significant rise in cAMP
[23, 24] and cGMP levels [57,58] in rat brain.
Moreover, vinpocetine has also been shown to
increase CREB phosphorylation and improve
memory retrieval in rats [25]. Thus, vinpocetine
possibly by improving cerebral cyclic nucleotide
levels may able restore CREB mediated
transcriptional activity and attenuate 3-NPinduced cognitive and motor deficits in the
present study. However, these mechanisms need
to be investigated.
On the other hand, oxidative and nitrosative
stress have also been implicated in the
pahophysiology of HD [59] as well as in stiatal
denegeneration following 3-NP administration in
rats [60,61,62]. 3-NP has been reported to cause
energy deficit which may contribute to
excitotoxicity and increased oxidative stress
[52,63]. In the present study, chronic
administration of 3-NP produced significant
decrease in striatal glutathione (GSH) levels and
caused elevation in the malondialdehyde (MDA)
and nitrite levels, indicating increased oxidative
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and nitrosative stress. Our results are in line with
earlier reports demonstrating increase in
oxidative-nitrosative stress following 3-NP
administration in rats [60,61,62]. MDA is an end
product of lipid peroxidation and it was
suggested that plasma MDA may be used as a
potential biomarker to test treatment efficacy of
drugs used in HD [64,65,66]. On the other hand
glutathione (gamma-glutamyl-cysteinyl-glycine,
GSH) is the most abundant intracellular
antioxidant thiol which is central to redox
defense during oxidative stress [67]. Therefore,
decreased level of GSH may lead to the
imbalance of the redox status in the cell, leading
to oxidative stress. Furthermore, the role of
glutathione in cognitive functions has also been
documented [68]. Therefore, the maintenance of
normal glutathione level is important for
acquisition of spatial memory. On the other
hand, glutathione unavailability has been
reported to induce failure in hippocampal
synaptic plasticity mechanisms, which could
possibly be related to spatial memory deficit
[69]. In the present study chronic administration
of
vinpocetine
significantly
and
dose
dependently attenuated 3-NP-induced increase
in oxidative-nitrosative stress. Vinpocetine
significantly decreased striatal MDA and nitrite
and restored GSH levels in 3-NP treated rats in
the present study. Vinpocetine has further been
reported to improve cerebral blood flow [45],
improve mitochondrial functions [46] and
cerebral energy metabolism [24,70]. In addition,
vinpocetine has also been demonstrated to have
antioxidant potential and reported to scavenge
hydroxyl radicals and inhibit lipid peroxidation
[71,72,73].
In summary, the present study demonstrted
that vinpocetine is effective in ameliorating 3NP-induced cognitive and motor deficits and
oxidative–nitritive
stress.
The
observed
beneficial effects of vinpocetine in cognitive and
motor behaviors may be due to its antioxidant
mechanisms. In addition, favorable modulation
of cyclic nucleotide signaling by vinpocetine may
also play a major role for the observed beneficial
effects. Thorough verification of such properties

might better clarify the mechanism of action of
vinpocetine and support the rationale of clinical
use of this PDE1 inhibitor in neurodegenerative
disorders.
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