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ABSTRACT 
 

The mitochondrial toxin 3-nitropropionic acid (3-NP) effectively induces behavioral changes and 
selective striatal lesions in rats mimicking clinical Huntington’s disease (HD). In the present study, 
behavioral tests and biochemical analysis were performed to explore the role of ethanolic extract of 
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Portulaca oleracea (POEE) in the experimental animals of HD. Male wistar rats received an 
intraperitoneal injection of 3-NP (10 mg/kg) for 14 days. Simultaneously in treatment groups, the 
animals received POEE at a dose of 2 and 4 mg/kg along with 3-NP injection for a period of 14 
days. The motor behavioral assessments were performed on days 5, 10 and 15. After the 
behavioral test on 15th day, the biochemical and histopathological parameters were performed. 
Administration of 3-NP resulted in body weight change, motor and memory impairments. 3-NP 
administration also causes marked oxidative stress by showing significantly increased levels of lipid 
peroxidation (LPO), nitric oxide (NO) and reduced activities of endogenous antioxidants. Further, it 
damages the mitochondrial complex enzyme succinate dehydrogenase (SDH) and elevated the 
acetylcholine esterase (AChE) activity. Treatment with POEE at 2 and 4 mg/kg bw doses 
significantly restored the body weight changes and behavioral impairment in 3-NP induced rats. 
Further, POEE significantly decreased the oxidative damages, restored the antioxidant enzymes 
activities and mitochondrial dysfunction. Histopathological sections of the striatal region showed the 
extent of neuronal loss in 3-NP induced rats and was restored upon POEE treatment. From the 
results, we suggest that POEE might be effective in clinical HD by virtue of its antioxidant and 
neuroprotective properties. 
 

 
Keywords:  Portulaca oleracea; 3-Nitropropionic acid; oxidative stress; antioxidants; histopathological 

studies. 
 

1. INTRODUCTION 
 

“Huntington's disease (HD) is a progressive 
neurodegenerative disorder characterized by 
degeneration of the striatal neurons, which leads 
to behavioral, motor and cognitive impairments” 
[1]. “The neurotoxicity induced by 3-
nitropropionic acid (3-NP) is a well-known 
experimental model for the study of the 
pathogenesis of HD. The mitochondrial toxin 3-
NP is a naturally occurring plant and mycotoxin 
that produces HD-like symptoms in both animals 
and humans” [2]. 
 

“3-NP induced HD model replicates most of the 
clinical and pathophysiological hallmarks of HD, 
including spontaneous choreiform and dystonic 
movements, frontal-type cognitive deficits, and 
progressive striatal neuronal degeneration. 3-NP 
administration also results in ATP depletion, 
which impairs intracellular calcium buffering 
thereby leading to production of damaging 
reactive oxygen species (ROS)” [3]. 
 

“The primary mechanism of 3-NP-induced 
neurotoxicity involves the inhibition of complex-II 
[succinate dehydrogenase (SDH)] enzyme in the 
mitochondrial electron transport chain (ETC). 
SDH is an important enzyme located in the inner 
domain of the mitochondrial membrane, which 
catalyzes the oxidation of succinate to fumarate. 
3-NP irreversibly blocks the SDH enzyme, 
decreases ATP levels and accelerates neuronal 
apoptosis” [4]. 
 

Currently, no efficacious therapies are available 
to cure HD pathogenesis. Existing HD medical 

care targets only the neuro-psychiatric symptoms 
to enhance the living standard [5]. Thus, the 
study was framed to develop a therapeutic 
strategy to treat HD pathogenesis. 
  
Plants that contain flavonoids have received a lot 
of focus in the scientific community recently as 
they have been reported to have antioxidant 
properties against free radicals to treat 
pathogenesis. Portulaca oleracea L. 
(Portulacaceae) commonly called purslane which 
is an extensively utilized plant renowned for its 
high content of α-linolenic acid, β-carotene, 
glutathione (GSH) and omega-3 fatty acids [6,7]. 
Numerous pharmacological actions of Portulaca 
oleracea (PO) have been documented, including 
wound-healing, analgesic, antibacterial, and anti-
inflammatory properties [8,9]. The study from 
Chen et al. [10] demonstrated the anti-hypoxic 
property of ethanolic extract of Portulaca 
oleracea (POEE) via increasing the 
erythropoietin level in the hypoxic mice neural 
system. Recent research from Chetehouna et al. 
[11] showed “a beneficial effect of purslane with 
zinc against Alzhemier’s disease (AD) in 
experimental animals”. “Further, the 
polysaccharides extracted from purslane were 
shown to improve lead-induced learning and 
memory behavior in rodents by protecting the 
hippocampal CA1 and dentate gyrus area of the 
brain” [12,13-16]. “The anti-parkinsonism effect 
was exhibited by purslane against rotenone toxin 
via halting apoptosis by increasing striatal B-cell 
lymphoma-2 (Bcl-2) and lowering caspase-3 
activity. The study also highlighted the anti-
inflammatory effect of purslane via inhibiting 
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inducible nitric oxide synthase (iNOS) and NF-ĸB 
expression and oxidative stress through 
attenuating ROS, nitrite/nitrate, and lactate 
dehydrogenase, as well as thiobarbituric acid 
reactive substances in the rat striatum” [17]. 
“Oleracein E, a tetrahydroisoquinoline present in 
purslane markedly reduced the Bcl-2-associated 
X (Bax) amount, caspase-3 activation, and 
cytochrome C release, ROS, and ERK1/2 
phosphorylation in an in-vitro and In-vivo models” 
[18]. 
 

Considering all the available evidence, the 
current study was formulated to assess the 
neuropharmacological potential of POEE against 
3-NP induced neurotoxicity in male albino rats. 
 

2. MATERIALS AND METHODS  
 

2.1 Preparation of Ethanolic Extract of 
Portulaca Oleracea (POEE) 

 

Portulaca oleracea plant was procured from the 
market at chennai, India and authenticated by  
Dr. A. Sasikala, Captain Srinivasa murthy Central 
Ayurveda Research Institute, Chennai, India. The 
dried aerial part of the plant was roughly ground 
into powder and then extracted using 90% 
ethanol in a Soxhlet apparatus. The solvent was 
subsequently eliminated via evaporation utilizing 
a Bucchi Rotary Evaporator [19]. The resulting 
extract yield was calculated to be 49% w/w of the 
dried plant material. 
 

2.2 Animals and Treatment Schedule 
 

Male Albino rats weighing 250-300 g were 
obtained from Central Animal House, Dr. ALM 
Post Graduate Institute for Basic Medical 
Sciences, University of Madras, Taramani 
Campus, Chennai, Tamil Nadu, India.  
 

For the current study, a quasi-experimental 
approach was used, in which animals were not 
divided into groups at random, but rather based 
on things they already had in common, such as 
age and gender. The adult male rats were 
divided into 5 groups with 6 animals each. Group 
I - Control rats were given with normal saline 
intraperitoneally. Group II - Animals received 3-
NP (10 mg/kg bw) intraperitoneally for 14 days. 
Group III - Rats were treated with POEE (2 
mg/kg bw) orally 1 h prior to 3-NP i.p. injection 
for 14 days. Group IV - Rats were treated with 
POEE (4 mg/kg b.w) orally 1 h prior to 3-NP i.p. 
injection for 14 days. Group V - Rats were orally 
treated with POEE (4 mg/kg b.w) alone for 14 
days. 

2.3 Animal Body Weight Measurement 
 
The body weight of each animal was recorded on 
the first and last days of the experimental period. 
The body weight difference of each animal was 
analyzed using the formula. 
 

[Body weight (15th day -1st day) ×100]/1st day 
body weight 

 

2.4 Behavioral Observations 
 
All behavioral assessments were conducted in a 
serene environment at room temperature, devoid 
of external disturbances. All experiments were 
carried out within the timeframe of 10:00 am to 
6:00 pm. 
 
2.4.1 Rotarod activity 
 
Before the rotarod performance, the rats were 
subjected to a previous training session. Rats 
were positioned at a 25 rpm rotational rod speed. 
The rats were given 180 s to complete the 
rotarod task, and three trials totaling 5 min were 
recorded for each rat. The length of time the 
animal spent on average within the revolving rod 
was noted [20]. 
 
2.4.2 Morris Water Maze test (MWM) 
 
Morris water mazes were implemented to 
investigate the acquisition and retention of spatial 
navigation tasks [21]. For the maze acquisition 
test, the animals were trained to swim in a 
circular pool with a depth of 40 cm, and a 
platform was affixed to the center of one of the 
four quadrants. Starting with the initial day of         
3-NP administration, the animals were subjected 
to four trials over the course of four days. The 
beginning position was distinct in each trial. The 
animal's time to locate the platform was recorded 
for two minutes. The initial procurement latency 
was recorded as the time it took to reach the 
platform on the fifth day. The platform was 
removed on the 15th day, and the animal was 
randomly released by facing the pool wall. The 
retention of memory was then tested. The time 
spent in the target quadrant was also measured 
on the 15th day. 
 
2.4.3 Open Field test (OFT) 
 
A wooden circle with a diameter of 90 cm served 
as the open field test apparatus. “The sole 
source of illumination was a 60W light bulb that 
was positioned 90-100 cm above the center. 
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Each animal was dropped in center of the open 
field, the number of squares crossed, and rearing 
were measured through direct visual 
observations for 5 min” [22]. 
 

2.5 Tissue Sample Preparation 
 
The animals were sacrificed on the 15th day, and 
the brain striatum was removed via                  
dissection, followed by a 10% (w/v) tissue 
homogenate preparation with 0.1M phosphate 
buffer (pH 7.4). The homogenate was centrifuged 
at 10,000 × g for 15 minutes. The supernatant 
was collected and utilized for biochemical 
analysis. 
 
2.5.1 Biochemical parameters 
 
A technique outlined by Utley et al. [23] was used 
to determine the level of lipid peroxidation. The 
Green et al. [24] technique was used to calculate 
the nitric oxide level. Superoxide dismutase 
activity was analyzed using the Marklund and 
Marklund method [25]. The catalase enzyme 
activity was assayed by the method described by 
Aebi [26]. Glutathione content was evaluated 
using the method of Ellman [27]. One indicator of 
poor mitochondrial metabolism in the brain is 
succinate dehydrogenase. Kumar et al. [28] 
approach was followed for the                            
quantitative determination of brain succinate 
dehydrogenase level. The activity of 
acetylcholinesterase activity was assessed     
using the method of Ellmann [29]. The Lowry et 
al. [30] method was used to estimate the protein 
content. 
 

2.6 Histopathological Studies 
 
On day 15, animals were sacrificed via                  
cervical decapitation, and the brain was promptly 
treated with 10% formalin saline for 24 hours 
before being dehydrated with solvent. The 
specimens were paraffin waxed and sectioned at 
4 µm thickness using a slide microtome. Tissue 
slices were mounted on glass slides, 
deparaffinized, stained with hematoxylin and 
eosin stains, and examined under a light 
microscope [31]. 
 

2.7 Statistical Analysis 
 
Data were analyzed by using analysis of 
variance (ANOVA) followed by Tukey’s Post-hoc 
test. All the values are expressed as mean ± SD. 
The P < 0.05 was considered statistically 
significant. 

3. RESULTS 
 

3.1 Effect of POEE on 3-NP Induced 
Changes in Body Weight Mass in 
Control and Experimental Animals 

 

On day 15, systemic 3-NP (10 mg/kg) injection 
led to a substantial (P<0.01) drop in body weight 
compared to control animals. POEE (2 mg/kg) 
and POEE (4 mg/kg) treatments significantly 
reduced body weight loss (P<0.05) compared to 
the 3-NP-induced group. No significant change 
was seen in the POEE alone treated group    
(Fig. 1). 
 

3.2 Effect of POEE on 3-NP Induced 
Alteration in the Rotarod Activity of 
Control and Experimental Animals 

 

Systemic 3-NP induction substantially (P<0.01) 
reduced grip strength performance in rotarod test 
on 10th and 15th days compared to control group, 
while no significant change in muscle 
coordination was found on day 5. POEE at 2 
mg/kg (P<0.05) and 4 mg/kg (P<0.01) 
substantially increased muscular strength 
(delayed fall of time) compared to the 3-NP 
induced group on the 10th and 15th day. However, 
animals administered with POEE alone showed 
no significant influence on grip strength 
performance (Fig. 2). 
 

3.3 Effect of POEE on 3-NP Induced 
Alterations in Morris Water Maze Task 
in Control and Experimental Animals 

 

In the 3-NP-treated group, the average escape 
latency of trained rats gradually decreased from 
day 1 to day 5. However, rats induced with 3-NP 
revealed (P<0.01) delayed mean latency to 
reach platform on the 10th and 15th day compared 
to the control group. POEE therapy substantially 
improved memory performance on the 10th and 
15th day (P<0.05) in POEE (2 mg/kg) and 
(P<0.01) in POEE (4 mg/kg) compared to the 3-
NP group (Fig. 3a). POEE (2 mg/kg and 4 mg/kg) 
therapy substantially enhanced target quadrant 
time (P<0.05 and P<0.01, respectively) on the 
15th day compared to the 3-NP induced group. 
There was no change in the POEE alone treated 
group (Fig. 3b). 
 

3.4 Effect of POEE on 3-NP Induced 
Changes in Open Field Test in Control 
and Experimental Animals 

 
On day 15, rats induced with 3-NP had 
significantly lower (P<0.01) locomotory activity 
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(Fig. 4a) and exploratory activity (Fig. 4b) 
compared to the control group. POEE therapy 
reversed locomotor deficit, increasing ambulation 
counts and rearing behavior considerably 

(P<0.05) in POEE (2 mg/kg) and (P<0.01) in 
POEE (4 mg/kg), compared to the 3-NP induced 
group. The POEE-treated mice showed no 
experimental alterations. 

 

 
 

Fig. 1. Effect of POEE on 3-NP induced changes in the body weight mass of control and 
experimental animals 

Data represents mean ± SD (n=6). Unit was expressed as % of change in body weight. aP<0.01 (p value = 
0.00021) compared to vehicle-treated control group; bP<0.05 (p value = 0.03756) and cP<0.01 (p value = 

0.00077) compared to 3-NP induced group; ns-non significant (p value = 0.11786) compared to control group by 
one way ANOVA with Tukey’s post-hoc test. 

 

 
 

Fig. 2. Effect of POEE on 3-NP induced alteration in rotarod activity in control and 
experimental animals 

Data represents mean ± SD (n=6). aP<0.01 (p value = 0.00016) compared to vehicle-treated control group; 
bP<0.05 (p value = 0.02495) and cP<0.01 (p value = 0.00051) compared to 3-NP induced group; ns-non 

significant (p value = 0.09215) compared to control group by one way ANOVA with Tukey’s post-hoc test. 
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Fig. 3. Effect of POEE on 3-NP induced changes in acquisition and retention memory in control 

and experimental animals 
Data represents mean ± SD (n=6). aP<0.01 (p value = 0.00037) compared to vehicle-treated control group; 

bP<0.05 (p value = 0.03398) and cP<0.01 (p value = 0.00028) compared to 3-NP induced group; ns-non 
significant (p value = 0.10842) compared to control group by one way ANOVA with Tukey’s post-hoc test. a-

Acquisition memory; b-Retention memory. 

 

 
 
Fig. 4. Effect of POEE on 3-NP induced changes in open field test in control and experimental 

animals 
Data represents mean ± SD (n=6). aP<0.01 (p value = 0.00093) compared to vehicle-treated control group; 

bP<0.05 (p value = 0.02719) and cP<0.01 (p value = 0.00041) compared to 3-NP induced group; ns-non 
significant (p value = 0.07329) compared to control group by one way ANOVA with Tukey’s post-hoc test. a-

Locomotor activity; b-Exploratory activity. 
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3.5 Effect of POEE on 3-NP Induced 
Alteration in the Levels of LPO and 
NO in Control and Experimental 
Animals 

 
3-NP-induced rats had considerably higher levels 
of LPO and NO compared to control animals 
(P<0.01). POEE (2 mg/kg) and POEE (4 mg/kg) 
significantly reduced LPO and NO levels (P<0.05 
and P<0.01, respectively). Furthermore, no 
significant differences were seen in rats treated 
with POEE alone (Table 1). 
 

3.6 Effect of POEE on 3-NP Induced 
Abnormalities in the Activities of 
Antioxidants Status in Control and 
Experimental Animals 

 
Intraperitoneal injection of 3-NP decreases SOD, 
CAT, and GSH activities significantly (P<0.01) 
compared to control rats. POEE (2 mg/kg) and 
POEE (4 mg/kg) significantly restored SOD, 
CAT, and GSH activities to near-normal levels 
(P<0.05 and P<0.01, respectively), compared to 
the 3-NP administered group. There were no 
significant differences seen in rats treated with 
POEE alone (Table 2). 
 

3.7 Effect of POEE on 3-NP Induced 
Changes in the Activities of SDH and 
AChE Enzymes in Control and 
Experimental Animals 

 
Chronic 3-NP induction substantially (P<0.01) 
decreases SDH enzyme activity in comparison to 
control animals. Further, 3-NP administration 
significantly (P<0.01) elevated the activity of 
AChE compared to control animals. POEE (2 

mg/kg) and (4 mg/kg) significantly recovered 
SDH and AChE activities compared to 3-NP-
induced rats (P<0.05 and P<0.01, respectively). 
There was no significant difference in the POEE 
alone treated group (Table 3). 
 

3.8 Effect of POEE on 3-NP Induced 
Histological Changes in Rat Striatum  

 
Histological changes in the striatum of control 
and experimental groups of animals were 
depicted in Fig. 5. The control group exhibited 
the normal histology of striatum (Fig. 5a). 
Sections of the 3-NP induced group exhibited 
irregularly damaged granular cells displayed 
shrunken and pyknotic nuclei (Fig. 5b). Animals 
treated with POEE (2 mg/kg) exhibited a 
moderate number of damaged granular cells with 
pyknotic nuclei and few normal cells (Fig. 5c). 
Animals treated with POEE (4 mg/kg) exhibited 
an increased number of normal granular cells 
with few damaged cells (Fig. 5d). Drug alone 
administered rats resembling that of control 
histoarchitecture (Fig. 5e). 
 
Sections were visualized under light microscope 
at a magnification of 400x. (a) Control section 
showing normal striatal histology. (b) 3-NP 
induced section showing increased number of 
irregularly damaged cells with pyknotic nuclei 
(denoted by arrow). (c) POEE (2 mg/kg) treated 
group showing a presence of moderate number 
of degenerated cells with pyknotic nuclei and few 
normal neurons (denoted by arrow). (d) POEE (4 
mg/kg) treated group showing increased number 
of normal granular cells and few damaged cells 
(denoted by arrow). (e) POEE alone 
administered rats resembling that of control 
histo-architecture. 

 
Table 1. Effect of POEE on 3-NP induced changes in the level of oxidative stress markers in 

the striatum of control and experimental animals 
 

Parameters LPO NO  
(nmol of MDA 
released/mg 
protein) 

p value (nmol/mg protein) p value 

Control 2.18 ± 1.09 - 0.85 ± 0.11 - 

3-NP (10 mg/kg) 5.68 ± 1.19 0.00063 3.19 ± 0.17 0.00021 

3-NP+POEE (2 mg/kg) 4.02 ± 2.21 0.03567 2.42 ± 0.19 0.04162 

3-NP+POEE (4 mg/kg) 2.65 ± 1.31 0.00076 1.76 ± 0.11 0.00045 

POEE alone (4 mg/kg) 2.08 ± 2.12 0.10456 0.98 ± 0.10 0.08646 
Data represents mean ± SD (n=6). 3-NP induced group compared to vehicle-treated control group; POEE treated 

groups compared to 3-NP induced group by one way ANOVA with Tukey’s post-hoc test. LPO- Lipid 
Peroxidation; NO – Nitric Oxide 
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Table 2. Effect of POEE on 3-NP induced alteration in the activities/levels of antioxidants in the striatum of control and experimental animals 
 

Parameters SOD CAT GSH  
(Units/mg 
protein) 

p value (nmol of H2O2 consumed 
/min/mg protein) 

p value (µmol of glutathione/ 
min/mg protein) 

p value 

Control 12.14 ± 0.71 - 3.19 ± 0.79 - 48.38 ± 1.93 - 

3-NP (10 mg/kg) 5.41 ± 1.01 0.00046 1.38 ± 0.62 0.00038 29.33 ± 2.42 0.00015 
3-NP+POEE (2 mg/kg) 6.97 ± 0.65 0.04025 2.01 ± 0.97 0.02547 35.26 ± 1.51 0.03459 
3-NP+POEE (4 mg/kg) 9.84 ± 0.45 0.00101 2.65 ± 0.84 0.00056 42.65 ± 1.75 0.00029 
POEE alone (4 mg/kg) 11.65 ± 0.86 0.06238 3.32 ± 0.77 0.09274 47.71 ± 1.32 0.17162 

Data represents mean ± SD (n=6). 3-NP induced group compared to vehicle-treated control group; POEE treated groups compared to 3-NP induced group by one way ANOVA 
with Tukey’s post-hoc test. SOD- Superoxide Dismutase; CAT- Catalase; GSH- Reduced Glutathione. 
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Table 3. Effect of POEE on 3-NP induced abnormalities in the activity of succinate 
dehydrogenase in the striatum of control and experimental animals 

 

Parameters SDH AChE  
(nmol of succinate 
oxidized/min/mg protein) 

p value (µmol/L/min/mg 
protein) 

p value 

Control 63.27 ± 2.53 - 2.31 ± 0.14 - 
3-NP (10 mg/kg) 36.85 ± 3.19 0.00018 5.78 ± 0.47 0.00033 
3-NP+POEE (2 mg/kg) 45.22 ± 1.61 0.02756 4.22 ± 0.34 0.02415 
3-NP+POEE (4 mg/kg) 52.46 ± 2.84 0.00038 3.09 ± 0.71 0.00064 
POEE alone (4 mg/kg) 61.28 ± 3.19 0.12186 2.18 ± 0.26 0.07217 

Data represents mean ± SD (n=6). 3-NP induced group compared to vehicle-treated control group; POEE treated 
groups compared to 3-NP induced group by one way ANOVA with Tukey’s post-hoc test. SDH- Succinate 

dehydrogenase; AChE- Acetylcholine esterase. 
 

 
 

Fig. 5. Effect of POEE on 3-NP induced histological changes in control and experimental 
animals 

 

4. DISCUSSION 
 
Among HD toxin models, 3-NP is noteworthy 
because it may be utilized to simulate the striatal 
lesions and motor deficits that are indicative of 
the pathophysiology of HD [32]. The systemic 
intraperitoneal infusion of 3-NP (10 mg/kg) for 14 
days in this experiment causes weight loss in the 
rats. This might be attributed to several factors, 
including ATP depletion, free radical production, 
metabolic impairment, and striatal lesions that 
directly reduce the rat appetite and food intake 
[33]. Our results are in good agreement with the 
Mahdy et al. research [34]. Furthermore, the 
body weight of the animal was greatly increased 
with POEE administration. The body weight gain 

of the animal might be achieved by limiting the 
free radical generation and neuroinflammation 
are well aligned with the antioxidant status of the 
present investigation.  
 
The dorsal striatum's medium spiny and 
cholinergic neurons are extremely susceptible to 
3-NP neurotoxic, which impairs motor function in 
the test animals [35]. In support of this, 3-NP 
induction showed a markedly elevated mean fall-
off time in the rotarod test, illustrating the 
stiffness and movement issue. In the Morris 
Water Maze, additional 3-NP induction 
decreased the amount of time spent in the target 
quadrant and postponed the transfer latency. Our 
findings from the OFT of rats given 3-NP 
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revealed reduced exploratory feeling and 
hypolocomotion. POEE treatment dramatically 
reduced the motor and memory impairments in 
mice inebriated with 3-NP, indicating that it has 
antidepressant, anti-anxiety, and muscle-relaxing 
qualities [36,37]. Further, POEE stimulates the 
antioxidant and anticholinesterase effects to 
boost motor and memory behavior in the rodents. 
 
The primary cause of HD pathogenesis is 
oxidative stress, which is brought on by the Htt 
mutation [5]. 3-NP induction results in oxidative 
stress via a secondary excitotoxic cell death 
pathway [38]. The current investigation 
demonstrated that systemic 3-NP injection 
decreased the levels of endogenous antioxidant 
enzyme activities and elevated LPO and NO 
levels, indicating the formation of ROS and RNS 
as well as oxidative damage to the striatum. It 
has been observed that lipid peroxidation plays a 
significant role in the loss of cell function in 
neurodegenerative illnesses caused by oxidative 
stress [39]. In 3-NP-induced rats, co-treatment 
with POEE dramatically reduced LPO and NO 
levels; this may be because of POEE antioxidant 
properties [40].  
 
Antioxidant enzymes such as catalase and 
superoxide dismutase often serve as the first line 
of defense against the production of reactive 
oxygen species (ROS). GSH, a non-enzymatic 
antioxidant, prevents the production of hydroxyl 
radicals and supports the health of brain cells. 
Reduced GSH levels have been connected to 
both neurodegenerative illnesses and typical 
aging. An earlier study found that the antioxidant 
enzymes were significantly reduced after 3-NP 
therapy, indicating a potential role for oxidative 
stress in the neurodegenerative process [41]. 
The current investigation revealed a decrease in 
antioxidant status in the 3-NP-induced group, 
which may have been caused by an increased 
use of these antioxidants to combat oxidative 
stress. Treatment with POEE, however, reversed 
the alterations, indicating that it had an 
antioxidant-like action [40].  
 
Acetylcholinesterase (AChE), a cholinergic 
enzyme, cleaves the neurotransmitter 
acetylcholine to disrupt cholinergic 
neurotransmission [42]. A disrupted cholinergic 
neurotransmission in basal ganglia might 
negatively impact other neuronal populations, 
subsequently resulting in behavioral alterations 
[43]. Similar impairment of cholinergic 
neurotransmission following induction of 3-NP 
was observed in the present study. Treatment 

with POEE inhibited the enhanced activity of 
AChE, which accelerated the turnover of 
acetylcholine at the synaptic junction and 
permitted the signal transmission. This data is 
consistent with the behavioral analysis of the 
current investigation, which demonstrated 
enhanced memory and learning behavior after 
POEE therapy.  
 

According to several investigations, 3-NP can 
affect the function of the mitochondrial enzyme 
complex by blocking the SDH of the TCA cycle 
and ETC [44]. As a result, a decreased SDH 
activity in the 3-NP induced state was noted in 
the current investigation. The treatment with 
POEE considerably reduced the toxicity of 3-NP 
and the inhibition of mitochondrial complex-II.  
 

The light microscopy characteristics of 3-NP-
induced rat showed irregularly damaged cells 
that were condensed and vacuolized in the 
striatum, mimicking the histological changes that 
are comparable to those seen in clinical HD 
cases [45]. The observed histological alterations 
may be ascribed to heightened oxidative stress 
induced by 3-NP. Because of its characteristics, 
POEE therapy lessened such histopathological 
changes in 3-NP-induced rats. Our findings 
corroborate a previous work by Hussein et al. 
[46], which found that purslane reduced the 
histopathological damage to the brain in rodents 
via regulating the pathway involving 
proinflammatory cytokine TNF-α and nuclear 
factor kappa B (NF-ĸB).  

 
5. CONCLUSION  
 
The results of this study conclude that the 
administration of 3-NP triggers free radical 
generation followed by the mitochondrial 
impairment and neuronal death of the striatum. 
Depletion of striatal neurons altered the 
behavioral patterns in experimental animals. The 
POEE treatment considerably corrected the 
motor deficits and mitochondrial impairment via 
rejuvenating the antioxidant status to promote 
neuronal survival. Therefore, with the present 
data we could conclude that the Portulaca 
oleracea may be advantageous and might 
develop an adjuvant treatment for the 
management of Huntington's disease. 
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