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Ameliorating effect of Celastrus paniculatus standardized extract and its fractions
on 3-nitropropionic acid induced neuronal damage in rats: possible antioxidant
mechanism
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ABSTRACT
Context: Celastrus paniculatus Wild. (Celasteraceae) (CP) is a well-known Ayurvedic ‘Medhya Rasayana’
(nervine tonic), used extensively as a neuro-protective and memory enhancer, and in different central ner-
vous system disorders.
Objective: To evaluate the effect of CP against 3-nitropropionic acid (3-NP) induced Huntington's disease
(HD) like symptoms in Wistar male rats.
Materials and methods: The ethanol extract of CP seeds (CPEE), prepared by maceration, was standar-
dized on the basis of linoleic acid content (6.42%) using thin layer chromatography densitometric analysis.
Protective effect of CPEE (100 and 200mg/kg) and its various fractions, viz., petroleum ether (40mg/kg),
ethyl acetate (2.5mg/kg), n-butanol (7mg/kg) and aqueous (18mg/kg), administered orally for 20 days,
against 3-NP (10mg/kg, i.p. for 14 days) was assessed by their effect on body weight, locomotor activity,
grip strength, gait pattern and cognitive dysfunction and biochemical parameters for oxidative damage in
the striatum and cortex regions of the brain.
Results: CPEE (100 and 200mg/kg) treated animals exhibited a significant (p< 0.05) improvement in
behavioural and oxidative stress parameters in comparison to only 3-NP treated animals. Amongst various
tested fractions of CPEE, aqueous fraction (AF) at 18mg/kg exhibited maximum reversal of 3-NP induced
behavioural and biochemical alterations, and was therefore also tested at 9 and 36mg/kg. CPEE (100mg/
kg) and AF (36mg/kg) exhibited maximum and significant (p< 0.05) attenuation of 3-NP induced altera-
tions in comparison to 3-NP treated rats.
Conclusions: CPEE has a protective action against 3-NP induced HD like symptoms due to its strong anti-
oxidant effect.
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Introduction

Huntington’s disease (HD) is an autosomal dominant neurodege-
nerative disorder characterized by progressive motor dysfunction
including chorea, dyskinesia, dystonia, deterioration of memory,
weight loss and other CNS disorders like anxiety, depression, etc.
(Frank 2014). Altered genetic transcription, oxidative stress, glu-
tamate excitotoxicity and mitochondrial dysfunction are consid-
ered as the mainstay in the pathophysiology of the disorder that
lead to the neuronal damage mainly in the striatal and cortex
regions of the brain (Krobitsch & Kazantsev 2011).

Various chemical and genetic experimental models are being
used to uncover the pathological mechanisms and to formulate
an effective therapeutic intervention for HD. 3-Nitropropionic
acid (3-NP), a chemical agent that produces HD like symptoms
in rodents, is widely used to evaluate the efficacy of various test
compounds against HD. 3-NP is a mycotoxin produced by vari-
ous members of the genus Astragalus Linn. (Leguminosae) and
Arthrinium Sacc. (Apiosporaceae) fungi that inactivates succinic
dehydrogenase, a key enzyme in the tricarboxylic acid cycle
(TCA) and oxidative phosphorylation (complex II) reactions,
under in vivo conditions (Tunez et al. 2010; Shinomol &

Muralidhara 2011). 3-NP administration also increases the con-
centration of free fatty acids and free radicals [reactive oxygen
species (ROS)] in the brain, resulting in elevated oxidative stress
(Shinomol & Muralidhara 2011) leading to HD like symptoms.

Celastrus paniculatus Willd. (Celastraceae) (CP), commonly
known as Jyotishmati, Malkangni and Kangani has been catego-
rized as a Medhya Rasayana (nervine tonic) in Ayurveda
(Nadkarni 2002). Mainly its seeds and seed oil are used for its
memory enhancing and neuroprotective properties (Bhanumathy
et al. 2010a). Various sesquiterpenoid polyalcohols and esters
(malkanguniol, malkangunin, polyalcohol A–D, celapnin); alka-
loids (paniculatine, celastrine); phenolic triterpenoids (celastrol,
paniculatadiol); fatty acids (oleic, linoleic, linolenic, palmitic, ste-
aric and lignoceric acid) and agarofuran derivatives have been
isolated from the seeds and seed oil of CP (Hertog et al. 1973;
Wagner et al. 1974; Tu et al. 1991; Tu & Chen 1993;
Bhanumathy et al. 2010a). Ample studies have exhibited the
memory enhancing (Nalini et al. 1995; Gattu et al. 1997; Lekha
et al. 2010; Bhanumathy et al. 2010b) and neuroprotective
(Godkar et al. 2003, 2004, 2006) potential of the seeds and seed
oil of CP. The plant has also exhibited antianxiety
(Rajkumar et al. 2007), antispermatogenic (Bidwai et al. 1990),
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anti-inflammatory and analgesic activities (Ahmad et al. 1994).
A significant antioxidant activity of the plant has been suggested
as the major mechanism for its memory enhancing and neuro-
protective activities (Kumar & Gupta 2002).

Since, antioxidants play a sizeable role in controlling HD like
symptoms (Johri & Beal 2012; Gil-Mohapel et al. 2014) and CP
has exhibited neuroprotective activities by virtue of its antioxi-
dant effect, the present study was designed to evaluate the effect
of standardized extract of CP seeds and its fractions on 3-NP
induced HD like symptoms.

Materials and methods

Plant material

Seeds of CP were procured from a local market in Chandigarh in
the month of September 2016 and were authenticated by
Dr. Sunita Garg, Chief Scientist, National Institute of Science
Communication and Information Resources (NISCAIR), New
Delhi, vide certificate no. NISCAIR/RHMD/Consult/2014/2529/
108, dated 09 October 2014.

Chemicals and solvents

The solvents used for extraction and analytical procedures were
of LR and AR grade, respectively. Standard linoleic acid and
3-NP were procured from Sigma-Aldrich (St. Louis, MO). Pre-
coated silica gel 60 F-254 TLC aluminium plates (20� 20 cm,
0.2mm thick) were purchased from E. Merck, Darmstadt,
Germany. All the chemicals used for biochemical estimation were
procured from Central Drug House (CDH), New Delhi, India.
Distilled water was used wherever mentioned.

Instruments

A complete HPTLC system (CAMAG, Muttenz, Switzerland)
equipped with an Automated TLC sampler (ATS-4), TLC scan-
ner 3, AMD and winCATS integration software (version 4.01)
was used for sample analysis. Twin trough glass development
chamber was used for TLC development. Tissue homogenizer,
cooling centrifuge (REMI Instruments, Mumbai, India) and UV
spectrophotometer (Perkin Elmer, Singapore) were used for bio-
chemical estimations.

Experimental animals

Male Wistar rats (220–250 g) obtained from Central Animal
House of Panjab University Chandigarh, Punjab, India, were
used for the project work. The experimental protocol was
approved by the Institutional Animal Ethics Committee (IAEC).
Animals were kept in polyacrylic cages and maintained under
standard housing conditions with 12 h light/dark reverse cycle.
The food in the form of dry pellets and water were made avail-
able ad libitum. All behavioural experiments were carried out
between 9:00 and 17:00 h.

Extraction of CP seeds and fractionation of the extract

Coarsely powdered seeds (750 g) were extracted for 72 h by
maceration using ethanol. After every 24 h, the used ethanol was
replaced with fresh ethanol. Occasional shaking was done during
the extraction period. The ethanol extract of seeds (CPEE) was

filtered, pooled and concentrated under vacuum using rotary
evaporator. The CPEE (180 g, 24%w/w) thus obtained, was used
for biological activity (50 g) and fractionation (100 g).
Fractionation was done by suspending the extract in water
(500mL) followed by sequential partitioning with different sol-
vents (5� 250mL), viz., petroleum ether, ethyl acetate and
n-butanol, in increasing order of polarity.

Standardization of CPEE using TLC densitometry

CPEE was standardized by determining the linoleic acid content
through TLC densitometric analysis using HPTLC system
(CAMAG, Muttenz, Switzerland). All the sample and standard
applications were done in triplicate.

Preparation of stock solution of standard

Linoleic acid (10mg) was weighed accurately and dissolved in
10mL of methanol to obtain a concentration of 1mg/mL. The
stock solution was further diluted with methanol to obtain the
final concentration of 0.1mg/mL.

Preparation of calibration curve for linoleic acid

Standard stock solution of linoleic acid was diluted appropriately
to get solutions of different concentration, viz., 20, 40, 60, 80 and
100 ng. Each concentration (10 lL) was applied in triplicate on
the TLC plate. The plate was developed using chromatographic
conditions as described above. The area under curve (AUC) was
recorded for each peak and graph was plotted using mean AUC
against the corresponding concentrations.

Preparation of test solution

The shade dried coarsely powdered seeds of CP (5 g) were
macerated with 50mL ethanol for 72 h as described earlier. The
extract was filtered through Whatman fine paper, concentrated
under vacuum and the final volume was made up to 50mL with
ethanol. The sample stock solution was appropriately diluted,
and 10 lL of the final solution was applied on TLC plate fol-
lowed by development and scanning.

Sample application

The samples were applied in triplicate in the form of bands
(width 8mm) with ATS-4 (sample applicator) on pre-coated TLC
plate. The distance between tracks was kept 10mm and an appli-
cation rate of 80 nL/s was employed for applying bands. Linear
ascending development was carried out in a twin trough glass
chamber saturated with mobile phase. Densitometric scanning
was performed using TLC scanner 3 in the absorbance/reflect-
ance mode.

Chromatographic conditions for estimation of linoleic acid

Linoleic acid was estimated in the test sample (plant extract) by
using a validated HPTLC method (Tandon & Sharma 2011).
Briefly, after application of test sample, the plates were developed
using mobile phase, petroleum ether:diethyl ether:glacial acetic
acid (9:3:0.1), in a pre-saturated (5min) twin trough glass cham-
ber. During post development process, the plates were dried in a
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current of hot air, derivatized using anisaldehyde–sulphuric acid
and were scanned at 400 nm using TLC scanner 3.

Dose preparation and treatment schedule

3-Nitropropionic acid was dissolved in normal saline (pH 7.4)
and administered at a dose of 10mg/kg, i.p. to animals for
14 days. CPEE was evaluated against 3-NP induced neurotoxicity
at two oral doses of 100 and 200mg/kg. The doses were selected
on the basis of study done previously (Kumar & Gupta 2002).
The fractions were evaluated at a dose (calculated on the basis of
the yield of each fraction) equivalent to the dose of alcoholic
extract that exhibited maximum activity. The fraction(s) that
showed maximum effect was further evaluated at a lower and
higher dose. The doses of CPEE (100 and 200mg/kg) and its
fractions, viz. petroleum ether (PF, 40mg/kg), ethyl acetate (EF,
2.5mg/kg), n-butanol (BF, 7mg/kg) and aqueous (AF, 9, 18 and
36mg/kg) were prepared by suspending in 0.1% sodium carboxy-
methyl-cellulose (CMC) solution, and were administered by oral
route (p.o.) at a constant volume of 0.5mL per 100 g of body
weight. Animals were randomly divided into 10 groups consist-
ing of eight animals each. Group 1 was the vehicle-treated group;
Group 2 animals received 3-NP (10mg/kg) for 14 days, Groups 3
and 4 received CPEE (100 and 200mg/kg)þ 3-NP (10mg/kg),
respectively; Groups 5 received PF (40mg/kg)þ 3-NP (10mg/kg);
Group 6 received EF (2.5mg/kg)þ 3-NP (10mg/kg); Group 7
received BF (7mg/kg)þ 3-NP (10mg/kg); Groups 8–10 received
AF (9, 18 and 36mg/kg)þ 3-NP (10mg/kg), respectively. The
complete protocol was designed for 20 days (designated as day
�5 to day 15). The control group was administered vehicle for
all the 20 days. For first six days (designated as day �5 to day 0)
only extract/fractions were administered at different dose levels
to the animals of different test groups (Malik et al. 2015). On
day 1 (six days after extract/fraction treatment), 3-NP was
administered to the animals of each test group 1 h after extract/
fraction administration. The same treatment schedule was
followed for the next 14 days.

Pharmacological studies

Body weight

Animal body weight was recorded on the first and last day of the
study and the change in body weight (%) was calculated.

Grip strength

Assessment of grip strength was done to determine muscle tone,
balance and motor co-ordination in the animals. It provides an
easy way to test the effects of drugs, lesions in brain, aging, brain
damage or diseases on motor coordination or fatigue resistance
in rodents. Grip strength task was evaluated by using rotarod
apparatus on day 1, 5, 10 and 15 after 3-NP injection. Before
actual recording on rotarod apparatus, the animals were given a
prior training session for acclimatization. During the rotarod
test, rats were placed on the rotating rod at a speed of 25 rpm,
and fall off time was recorded with an upper ceiling of 300 s
(Kumar & Kumar 2009a; Malik et al. 2015).

Gait abnormality

Gait abnormality indicates the motor in-coordination
particularly of the hind limbs. It was assessed by narrow beam

walk apparatus. This test has been very effective in detecting
motor capabilities in rats. The apparatus consists of 50 cm
wooden strip supported by two pedestals at each end, with height
of 100 cm above the ground and the rats traverse the narrow
beam suspended between a start platform and their home cage.
A prior training, to walk over a beam, was given to rats for five
days before testing. A ceiling of 120 s was employed at the end of
which the animal was removed and placed in the cage by hand.
Time taken by the animal to traverse from the start platform to
their home cage along with the number of slips was recorded
(Kumar & Kumar 2009b; Malik et al. 2015).

Locomotor activity

Effect on locomotor activity was assessed by using an actopho-
tometer as it provides task-specific practice of standing and
walking by optimizing the sensory cues to generate improved
motor activity for mobility, standing and walking after neuro-
logic injury. The effect on locomotor activity was assessed on
day 1, 5, 10 and 15. The motor activity was detected by infra-
red beams above the floor of the testing area. Animals were
placed individually in the activity chamber for 3min as a
habituation period before performing actual motor activity
tasks. Each animal was observed over a period of 10min and
activity was expressed as counts per 10min (Kumar & Kumar
2009b; Malik et al. 2015).

Memory impairment

The effect on learning and retention was examined by the per-
formance of rats in Morris water maze. The animals were
trained to swim to a platform in a circular pool located in a
test room. The pool was filled with water and was placed in a
large room where several brightly coloured cues, external to the
maze, were visible and could be used by the rats for spatial
orientation. A movable circular platform, 9 cm in diameter,
mounted on a column, was placed in the pool 1 cm below the
water level for the maze acquisition test. The position of the
cues remained unchanged throughout the study. The platform
was fixed in the centre of one of the four quadrants and
remained in that location for the duration of the experiment.
The rats were exposed to four consecutive daily training trials
starting from the first day of 3-NP administration, with each
trial having a ceiling time of 120 s, and a trial interval of
approximately 5min. For each trial, each rat was put into the
water at one of four starting positions, the sequence of which
being selected randomly. During the test trials, the rats were
placed in the tank at the same starting point, with their heads
facing the wall, and were allowed to swim before climbing onto
the platform. After climbing onto the platform, the animal was
allowed to remain there for 20 s, before it was returned to its
cage. The escape platform was kept in the same position rela-
tive to the distal cues. If the rat failed to reach the escape plat-
form within the allowed time, it was gently placed on the
platform and allowed to remain there for the same amount of
time. The time to reach the platform was recorded as transfer
latency (TL), and was measured on day 5, 10 and 15. On the
next day, i.e., 24 h after the last trial, the platform was removed
and the animal was randomly released at any one of the edges
(North, South, East and West) facing the wall of the pool and
tested for the retention of the memory. The time spent by the
animal in the target quadrant (where platform was placed) was
recorded (Kumar & Kumar 2009b; Malik et al. 2015).
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Biochemical estimations

Dissection and homogenization

After behavioural assessments, animals were killed by decapita-
tion immediately for biochemical analysis. The brains were
removed, cortex and striatum were separated by putting on ice.
A 10% (w/v) tissue homogenate was prepared in 0.1M phosphate
buffer (pH 7.4). The homogenate was centrifuged at 10,000�g
for 15min. Aliquots of supernatant was separated and used for
biochemical estimations.

Various biochemical parameters

The effect of CPEE and its various fractions against 3-NP
induced neurotoxicity was also evaluated by measuring their
effect on different biochemical parameters, viz., malondialde-
hyde (Wills 1966), nitrite (Green et al. 1982) and reduced
glutathione (Ellman 1959) levels, and catalase (Luck 1971) and
superoxide dismutase activity (Kono 1978). The total protein
content was measured in all brain samples by the Biuret
method using bovine serum albumin (BSA) as a standard
(Gornall et al. 1949).

Statistical analysis

The results were expressed as mean ± S.D. The data of behav-
ioural studies were statistically analysed using two-way analysis
of variance (ANOVA) followed by Bonferroni’s post hoc test.
The data of body weight, retention test in MWM and bio-
chemical estimations were analysed by one-way ANOVA

followed by Tukey’s post hoc test. p< 0.05 was considered stat-
istically significant.

Results

Extraction of the plant material, fractionation and
standardization

Alcoholic extraction of the coarsely powdered seeds (750 g) of
CP by maceration (72 h) yielded 180 g of the CPEE. One portion
of the CPEE (100 g) was kept for fractionation and other portion
(50 g) was stored at �20 �C for biological activity. CPEE was
fractionated using various solvents in increasing order of polarity
to get their respective fractions, viz., PF (55 g), EF (3.7 g), BF
(13.8 g) and AF (27 g). CPEE was standardized on the basis of
linoleic acid content using TLC densitometric analysis (Figure 1).
The linoleic acid content was found to be 6.42% w/w in the seeds
of C. paniculatus.

Effect of CPEE and its various fractions on body weight in
the 3-NP treated rats

There was a significant (p< 0.05) decrease in the body weight of
the animals treated with 3-NP (10mg/kg, i.p.) in comparison to
vehicle-treated animals on the day 15 (Figure 2). Pretreatment
with CPEE, PF and AF significantly attenuated the loss in body
weight on 15th day in comparison to only 3-NP treated group
(Figure 2). CPEE at both the dose levels exhibited significant
protection against 3-NP induced decrease in body weight and the
effect at both the dose levels was comparable to each other. Since
AF (18mg/kg) exhibited maximum activity amongst various frac-
tions, it was further evaluated at a lower and a higher dose

Figure 1. TLC densitometric chromatogram for standard linoleic acid (A) and CPEE (B).
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(9 and 36mg/kg, respectively). AF attenuated the 3-NP induced
decrease in body weight in comparison to control group with
maximum activity at 36mg/kg (though the effect was comparable
(p> 0.05) to that of 18mg/kg). Furthermore, CPEE (100mg/kg)
and AF (18 and 36mg/kg) exhibited comparable effects. PF
(40mg/kg) also exhibited significant protection from 3-NP
induced decrease in body weight, but the effect was significantly
less than CPEE and AF.

Effect of CPEE and its various fractions on grip strength in
the 3-NP treated rats

3-NP significantly impaired grip strength of the animals on 5th,
10th and 15th day in comparison to vehicle treated animals in
rotarod test (Figure 3). CPEE (100 and 200mg/kg) pretreatment,
significantly (p< 0.05) improved the 3-NP induced impairment
in grip on day 5, 10 and 15 that was evident from the increase in
time of fall of the animals. Pre-treatment with AF also exhibited

Figure 2. Effect of CPEE and its various fractions on the body weight of 3-NP treated rats. Results are expressed as mean (%) change in body weight ± SD (n¼ 8);
ap< 0.05 vs control; bp< 0.05 vs 3-NP; cp< 0.05 vs CPEE 100mg/kg; dp< 0.05 vs AF (9mg/kg); ep< 0.05 vs AF (18mg/kg); fp< 0.05 vs AF (36mg/kg). Results are
compared using one way analysis of variance followed by Tukey’s post hoc test. CPEE: ethanol extract of Celastrus paniculatus seeds; PF: petroleum ether fraction; EF:
ethyl acetate fraction; BF: n-butanol fraction; AF: aqueous fraction.

Figure 3. Effect of CPEE and its various fractions on the grip strength of 3-NP treated rats. Results are expressed as mean total time of fall ± SD (n¼ 8); ap< 0.05 vs
control; bp< 0.05 vs 3-NP; cp< 0.05 vs CPEE 100mg/kg; dp< 0.05 vs AF (9mg/kg); ep< 0.05 vs AF (18mg/kg); fp< 0.05 vs AF (36mg/kg). Results are compared using
two way analysis of variance followed by Bonferroni’s post hoc test. CPEE: ethanol extract of Celastrus paniculatus seeds; PF: petroleum ether fraction; EF: ethyl acetate
fraction; BF: n-butanol fraction; AF: aqueous fraction.
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a significant improvement in the grip strength on day 5, 10 and
15 in comparison to 3-NP treated animals (Figure 3). Apart from
AF, PF (40mg/kg) also exhibited significant improvement in grip
strength but from day 10.

Effect of CPEE and its various fractions on locomotor activity
in 3-NP treated rats

As in the grip strength test, animals of each group exhibited a
stable locomotor activity and showed no significant variation on
day 1. CPEE (100 and 200mg/kg) significantly (p< 0.05) abro-
gates the 3-NP induced decrease in the locomotor activity on day
5, 10 and 15 (Figure 4). CPEE (100mg/kg) exhibited significantly
(p< 0.05) better improvement in locomotor activity on day 10
and 15 in comparison to CPEE (200mg/kg). Amongst various
fractions of CPEE, AF (9, 18 and 36mg/kg) showed a significant
improvement in locomotor activity on day 5, 10 and 15 as com-
pared with 3-NP treated group (Figure 4). PE (40mg/kg) also
exhibited significant improvement in locomotor activity but only
on day 15.

Effect of CPEE and its various fractions on the gait functions
in 3-NP treated rats

Systemic administration of 3-NP significantly increases the time
taken by rats to traverse from start platform to their home cage
as compared to the vehicle treated group on day 5, 10 and 15
(Figure 5(A)). CPEE (100 and 200mg/kg) significantly reversed
the 3-NP induced gait abnormalities of rats that was evident
from the decrease in the time taken by them to cross the narrow
beam and the number of slips (Figure 5(A,B)). AF pretreatment,
at all the tested dose levels, significantly decreased the time taken
by rats to cross the narrow beam and their number of slips on
day 5, 10 and 15 in comparison to only 3-NP treated animals

(Figure 5(A,B)). Furthermore, AF (36mg/kg) exhibited maximum
and significant improvement in the gait of rats when compared
to CPEE (100mg/kg) and AF (18mg/kg) (Figure 5(A)). PF
(40mg/kg) also significantly improved the gait performance of
rats on narrow beam in comparison to 3-NP treated rats from
day 10 onwards.

Effect of CPEE and its various fractions on learning and
memory of 3-NP treated rats

The effect on learning was evaluated using Morris water maze
test. Vehicle treated animals exhibited a significantly shorter
escape latency in comparison to 3-NP treated animals after 5 day
training, indicating learning impairment by 3-NP (Figure 6(A)).
CPEE (100 and 200mg/kg) treatments significantly (p< 0.05)
improved memory performance, evident from shortened TL, on
day 10 and 15 in comparison to 3-NP treated rats (Figure 6(A)).

AF (9, 18 and 36mg/kg) treatment significantly (p< 0.05)
attenuated the 3-NP induced learning impairment that was evi-
dent from the shortened mean TL on day 5, 10 and 15 in com-
parison to 3-NP treated rats (Figure 6(A)). PF (40mg/kg)
exhibited improvement in learning, but from day 10, in compari-
son to 3-NP treated rats.

On day 16, the platform was removed and the time spent by
the rats in the target quadrant (where platform was placed) was
recorded. More time spent in that quadrant by an animal indi-
cates better remembrance of the platform position, and hence
better memory. 3-NP treatment impaired the memory of rats
which was evident from the shorter time spent by only 3-NP
treated rats in target quadrant in comparison to vehicle treated
rats (Figure 6(B)). However, CPEE (100 and 200mg/kg) treat-
ment significantly increased the time spent in target quadrant as
compared to 3-NP treated animals (Figure 6(B)) thereby indicat-
ing improvement in memory consolidation of animals.

Figure 4. Effect of CPEE and its various fractions on locomotor activity of 3-NP treated rats. Results are expressed as mean total count ± SD (n¼ 8); ap< 0.05 vs con-
trol; bp< 0.05 vs 3-NP; cp< 0.05 vs CPEE 100mg/kg; dp< 0.05 vs AF (9mg/kg); ep< 0.05 vs AF (18mg/kg); fp< 0.05 vs AF (36mg/kg). Results are compared using
two way analysis of variance followed by Bonferroni’s post hoc test. CPEE: ethanol extract of Celastrus paniculatus seeds; PF: petroleum ether fraction; EF: ethyl acetate
fraction; BF: n-butanol fraction; AF: aqueous fraction.
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As expected, AE (9, 18 and 36mg/kg) treatment significantly
increased the time spent in target quadrant as compared to 3-NP
treated animals (Figure 6(B)).

Effect of CPE and its various fractions on MDA, nitrite,
catalase, SOD and GSH levels in striatum and cortex in
brain of 3-NP treated rats

The results of behavioural studies were corroborated by the
results of biochemical studies. There was a significant increase in
MDA and nitrite levels in the striatum and cortex of the only
3-NP treated animals in comparison to the control group animals
(Figure 7(A,B)). 3-NP treatment also decreased the levels of cata-
lase, SOD and reduced GSH in comparison to vehicle treated
group (Figure 7(C–E)). Pretreatment with CPEE (100 and
200mg/kg) and AF (9, 18 and 36mg/kg) significantly (p< 0.05)
ameliorated the 3-NP induced alteration in MDA, nitrite, cata-
lase, SOD and GSH levels in the striatum and cortex parts of the

brain in comparison to only 3-NP treated animals. AF (18 and
36mg/kg) exhibited comparable (p> 0.05) effects to that of
CPEE (100mg/kg).

Discussion

The present study highlights the therapeutic potential of CPEE
and its fractions, viz., PF, EF, BF and AF respectively, against 3-
NP induced behavioural alterations and oxidative damage. CPEE
(100mg/kg), and amongst various fractions tested, AF (36mg/
kg), were most effective in ameliorating 3-NP induced behav-
ioural alterations (improved body weight, locomotor, rotarod
performance, balance beam walk performance and memory
retention), and oxidative damage (attenuated lipid peroxidation,
nitrite levels, restored catalase, SOD and GSH levels).

3-NP model is a widely used experimental model for evaluat-
ing the potential of various test substances that have propensity
to develop into new therapeutic leads and/or agents against HD.
It provides an advantage of producing striatal lesions rapidly

Figure 5. Effect of CPEE and its various fractions on gait functions of 3-NP treated rats. (A) Time taken to cross the narrow beam; (B) number of slips. Results are
expressed as mean± SD (n¼ 8); ap< 0.05 vs control; bp< 0.05 vs 3-NP; cp< 0.05 vs CPEE 100mg/kg; dp< 0.05 vs AF (9mg/kg); ep< 0.05 vs AF (18mg/kg); fp< 0.05
vs AF (36mg/kg). Results are compared using two way analysis of variance followed by Bonferroni’s post hoc test. CPEE: ethanol extract of Celastrus paniculatus seeds;
PF: petroleum ether fraction; EF: ethyl acetate fraction; BF: n-butanol fraction; AF: aqueous fraction.
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after its administration. Further, 3-NP is a mitochondrial toxin
that causes irreversible inhibition of SDH, a respiratory chain
complex II enzyme, leading to body weight loss and motor
abnormalities (reduced locomotor and grip strength, gait abnor-
malities, etc.) and increased oxidative stress. Supporting to the
present investigation, HD patients have also exhibited dysphagia
and loss of body weight (Djousse et al. 2002; Saydoff et al. 2003).
Furthermore, it has been found that the body weight loss
increases with the increase in the CAG repeats (Aziz et al. 2008).
3-NP induced loss in body weight could be partially due to fac-
tors outside the CNS, whereas alterations in locomotor and
motor behaviour could be its specific action on striatum (basal
ganglia) that control body movement (Saydoff et al. 2003).
Dysfunction of cholinergic interneurons in striatal circuits or cell
loss within the lateral striatum, ventral pallidum and entopedun-
cular nucleus has been found mainly responsible for abnormal
behavioural symptoms in HD (Picconi et al. 2006). It shows
that 3-NP produces alteration in motor behaviour by

influencing striatum. However, the possibility of its effect on,
and involvement of other brain areas such as cortex and hippo-
campus cannot be ignored (Silva et al. 2007). Pretreatment with
CPEE and its AF fraction significantly restored the loss in body
weight in 3-NP treated rats. It also attenuated other behavioural
alterations following 3-NP administration. Previous reports have
shown that substances with antioxidant property significantly
restored the behavioural changes and oxidative defence level in
3-NP treated animals (Kumar et al. 2006; Kumar & Kumar 2010;
Malik et al. 2015). C. paniculatus is well known for its neuropro-
tective effect by virtue of its antioxidant effect (Kumar & Gupta
2002; Badrul & Ekramul 2011) and this property could have been
responsible for it protective effects in this study as well. 3-NP
treatment significantly caused cognitive dysfunction that was evi-
dent from the increased TL, and decreased time spent in target
quadrant. These findings are in agreement with earlier reports
suggesting a variety of neurobehavioural abnormalities and cog-
nitive deficit after 3-NP administration (Kumar & Kumar 2009b;

Figure 6. Effect of CPEE and its various fractions on memory functions of 3-NP treated rats on Morris water maze. (A) Time taken (s) by rats to reach platform (transfer
latency); (B) time spent (s) in target quadrant. Results are expressed as mean ± SD (n¼ 8); ap< 0.05 vs control; bp< 0.05 vs 3-NP; cp< 0.05 vs CPEE 100mg/kg;
dp< 0.05 vs AF (9mg/kg); ep< 0.05 vs AF (18mg/kg); fp< 0.05 vs AF (36mg/kg). Results are compared using two way analysis of variance followed by Bonferroni’s
post hoc test. CPEE: ethanol extract of Celastrus paniculatus seeds; PF: petroleum ether fraction; EF: ethyl acetate fraction; BF: n-butanol fraction; AF: aqueous fraction.
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Malik et al. 2015). It has also been reported that 3-NP produces
lesion in hippocampal CA1 and CA3 pyramidal neurons, areas of
the brain associated with cognitive task, leading to the impair-
ment in cognitive functions (Sugino et al. 1999). Pretreatment
with CPEE and AF exhibited significant improvement in the 3-
NP induced cognitive dysfunctions. C. paniculatus is well known
for its memory enhancing activity, and the results of the present
study further strengthened the claim of C. paniculatus as poten-
tial memory enhancer.

Previous studies have shown that 3-NP significantly induced
oxidative damage and impaired antioxidant defence enzymes in
the brain (Perez-De La Cruz et al. 2009; Tunez & Santamaria
2009; Kumar & Kumar 2009b). The results of the present study
are in concordance with those of the previous studies as 3-NP
significantly induced oxidative damage (increased lipid peroxida-
tion, nitrite concentration, and depleted catalase, SOD and
reduced glutathione levels) in the striatum, and cortex regions of
the rat brain. Antioxidants have shown significant neuroprotec-
tion against 3-NP induced neurotoxicity in various studies
(Gopinath & Sudhandiran 2012; Chakraborty et al. 2014).

Pretreatment with CPEE and its AF significantly restored the
3-NP induced oxidative alterations by virtue of their significant
antioxidant activity. Furthermore, glutamate excitotoxicity also
plays a major role in the pathophysiology of neurodegenerative
disorders especially, HD (Andre et al. 2010), and glutamate
antagonist helps in reversing some of the symptoms of HD
(Mittal & Eddy 2013). Glutamate excitation, mainly the excitation
of NMDA receptors, leads to high Ca2þ fluxes which further trig-
gers a cascade of events including mitochondrial membrane
depolarization, caspase activation, production of toxic oxygen
and nitrogen free radicals, and cellular toxicity eventually leading
to neuronal death (Dong et al. 2009). Glutamate receptor and/or
NMDA receptor antagonist have shown a neuro-protective effect
against such damage (Palmer 2001). C. paniculatus seeds and its
aqueous extract have also shown neuroprotective effect against
glutamate (Godkar et al. 2004) and hydrogen peroxide (Godkar
et al. 2003) induced neurotoxicity. Aqueous extract of C. panicu-
latus have shown to antagonize both, NMDA receptors and its
associated increase in Ca2þ fluxes, eventually protecting neurons
from glutamate toxicity (Godkar et al. 2004).

Figure 7. Effect of CPEE and its various fractions on oxidative parameters of 3-NP treated rats. (A) MDA levels; (B) nitrite levels; (C) catalase levels; (D) SOD levels; (E)
reduced GSH levels. Results are expressed as mean± SD (n¼ 8). ap< 0.05 vs control; bp< 0.05 vs 3-NP; cp< 0.05 vs CPEE 100mg/kg; dp< 0.05 vs AF (9mg/kg);
ep< 0.05 vs AF (18mg/kg); fp< 0.05 vs AF (36mg/kg). Results are compared using one way analysis of variance followed by Tukey’s post hoc test. CPEE: Ethanol
extract of Celastrus paniculatus seeds; PF: petroleum ether fraction; EF: ethyl acetate fraction; BF: n-butanol fraction; AF: aqueous fraction.
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Thus, in summary, the present study suggests the protective
effect of C. paniculatus against 3-NP induced neurotoxicity could
be due to its strong antioxidant effect and its role against glutam-
ate toxicity by inhibiting NMDA receptors. However, more
investigations are required to elucidate the cellular mechanisms
of CP against 3-NP induced HD-like symptoms.
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