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ABSTRACT 
 

Aims: Oxidative stress and activation of pro-apoptotic mediators have been associated with the 
pathogenesis of Huntington’s disease. Andrographolide (ANDRO) is a well-known antioxidant and 
inhibitor of pro-apoptotic mediator, nuclear factor kappa B (NF-kB). 
Study Design: The present study was hence designed to evaluate the effect of ANDRO in 
Huntington’s disease. 
Place and Duration of Study: Department of Pharmacology, Khalsa College of Pharmacy, 
Amritsar, India between March 2018 and July 2018. 

Original Research Article 
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Methodology: Five groups (n=6) of Sprague dawley rats were used. Normal group animals were 
kept untreated. The control group was administered 3-Nitro propionic acid (3-NP) for seven days. 
The three treament groups received 3-NP followed by ANDRO intraperitoneally for seven days. On 
8th day, behavioral and coordination parameters were evaluated using multiple tests. Oxidative 
stress and anti-oxidant enzyme levels in brain tissue were also evaluated. Brain tissues were also 
evaluated using Haematoxylin-eosin staining. 
Results: Administration of 3-NP resulted in motor incoordination and muscle weakness as 
indicated by behavioral tests. Biochemically, there was an increase in the oxidative stress and 
depletion of free radical scavenging. Histopathologically, there was severe neuronal degeneration 
and neural tissue apoptotic changes in the rat striatum. ANDRO administration resulted in 
significant decrease in the muscle incoordination in the behavioral tests and also decreased 
prooxidative biochemical changes. Brain tissues of the ANDRO treated animals showed protection 
against neuronal damage and neurodegeneration. 
Conclusion: The results indicate that the use of ANDRO may afford protection against 
Huntington’s disease associated muscle incoordination and subsequent neurodegeneration. 
Present study provides a lead for further investigation of role of NF-kB inhibitors in Huntington’s 
disease and possible development of low-cost natural medication. 
 

 

Keywords: ANDRO; Huntington disease; oxidative stress; nuclear factor kappa B; antioxidants. 
 

1. INTRODUCTION 
 

Huntington’s disease (HD) is a chronic 
progressive autosomal dominant 
neurodegenerative disorder that is characterized 
by a progressively worsening chorea, cognitive 
and psychiatric disturbances. This involves the 
basal ganglia, cerebral cortex [1] and striatal-
specific degeneration. The pathological changes 
manifest clinically in midlife as a triple 
combination of cognitive decline, psychiatric 
disturbance and impairment of motor activities. 
Symptomatically, HD is characterized by ataxia, 
choreiform movements, and dementia [2,3]. 
 

Pathologically, Huntington’s disease (HD) is 
caused by expansion of a CAG trinucleotide 
repeat in the huntingtin (HTT) gene, which 
translates into an abnormally long polyglutamine 
(polyQ) tract in the Huntingtin (Htt) protein [4]. It 
has been proposed that mutation in the 
Huntingtin gene and consequent transcription 
product attribute to defective activation of NF-k) 
in the synapses, thus, altering synaptic 
transmission [5,6]. In the neuronal tissues, NF-kB 
regulates a wide range of genes that are involved 
in the neuro-inflammation [7,8] and 
pathophysiological events associated with 
neurodegeneration. 
 

Moreover, reports also suggest that excitotoxic 
events, oxidative stress, alterations in energy 
metabolism and mitochondrial dysfunction could 
be involved in the pathophysiology of HD. The 
generation of reactive oxygen species (ROS) and 
the oxidative damage play a central role in the 
process of neurodegeneration. Overproduction of 

ROS in neurons is physiologically blocked by 
free radical scavengers, such as glutathione and 
superoxide dismutase, in the body. ANDRO, a 
diterpene of the labdane family, is responsible for 
most of the biological effects of Andrographis 
paniculata [9]. This molecule has been reported 
to exert neuroprotective effects against 
inflammation-mediated neurodegeneration [10], 
oxidative stress in the brain and cerebral 
ischemia [11]. It is interesting to note that 
ANDRO has also been documented to inhibit the 
activation of NF-kB at the intracellular level [12].  

 
Symptoms of HD and associated 
pathophysiological changes can be produced in 
rodents by systemic injections of 3-NP, a 
mitochondrial toxin that causes striatal 
neuropathy similar to that seen in clinical HD 
[13]. A major advantage of 3-NP model over 
other models of HD is that the lesions produced 
are bilateral, striatal specific and develop 
spontaneously after systemic administration of 3-
NPA. 

 
Despite extensive research, HD a devastating 
hereditary disease remains incurable, warranting 
further studies to determine the causes and cure 
of HD. As it was observed from the documented 
literature that pathogenesis of HD involves both 
the ROS and pathological activation of NF-kB in 
neural tissue and ANDRO possesses both anti-
oxidant as well as NF-kB inhibitory action. 
Therefore, the present study was designed to 
evaluate the possible protective effect of ANDRO 
in 3-NP induced HD and associated 
neurodegeneration in rats. 
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2. MATERIALS AND METHODS 
 

2.1 Animals 
 

Sprague Dawley Rats (either sex), weighing 
between 300-350 g, were procured from the 
Institute of Himalayan Bioresource Technology 
(IHBT), Palampur, Himachal Pradesh, India. The 
animals were quarantined and housed in Central 
Animal House Facility (CPCSEA Registration no. 
1753/PO/E/S/14/CPCSEA) for acclimatization for 
seven (07) days prior to experimentation. 
Animals were housed in polypropylene cages 
with dust free rice husk as a bedding material 
and maintained under standard laboratory 
conditions with controlled temperature (23 ± 
2°C), humidity (40 ± 10%) and natural (12 h 
each) light-dark cycle. The animals were fed with 
standard rodent pellet diet and water ad libitum. 
The experiments were carried out between 09:00 
and 18:00 h. 
 

2.2 Drugs and Chemicals 
 
The drug, ANDRO, was purchased from Tokyo 
Chemical Industry Co. Ltd, Chennai, India and 3-
NP was purchased from Sigma-Aldrich Inc, 
Missouri, and USA. For the biochemical 
estimation’s chemicals like ferric chloride, iodine, 
sodium hydroxide, hydrochloric acid, sodium 
carbonate, haematoxylin, potassium hydroxide 
was purchased from Qualikems Fine Chemicals, 
Pvt. Ltd. Nandesari, Gujrat. Potassium 
dihydrogen phosphate, formaldehyde, potassium 
chloride and di-potassium hydrogen phosphate 
were purchased from Thermo Fischer Scientific 
India Pvt. Ltd., Mumbai. Reduced glutathione 
(GSH), N-1-napthylethylene diamine 
dihydrochloride and NADPH were obtained from 
Central Drug House Pvt. Ltd. New Delhi. Di-
sodium hydrogen phosphate and picric acid were 
purchased from Merck Specialties Pvt. Ltd. 
Mumbai. Sodium chloride was purchased from 
RFCL Ltd. Gujrat. 5.5’Dithiobios (2-nitrobenzoic 
acid) DTNB was purchased from Alfa Aesar, 
England. Dopamine hydrochloride was procured 
from Hi Media Laboratories, Mumbai. All the 
chemicals and reagents employed in the study 
were of analytical grade.  
 

2.3 Experimental Protocol 
 

The animals were divided into 5 different groups 
(n=6). 3-NP (25 mg/kg) was administered 
through Intra-peritonial route daily to separate 
groups of rats for seven successive days. The 
dose of 3-NP was selected on the basis of 
previous literature reports [14,15]. Group 1 and 2 

were naïve animals and 3-NP treated animals 
respectively. The animals in group 3, 4 and 5 
were treated with 3-NP in the same manner as in 
group 2. In addition, they also received ANDRO 
in the dose of 2 mg/kg, 3 mg/kg and 4 mg/kg 
respectively, daily 30 min before the 
administration of 3-NP for seven days.  
 

After twenty-four hours of the last dose the 
animals were put on to the battery of behavioral 
parameters, followed by euthanasia and 
dissection of the brain tissue for the biochemical 
estimations like thiobarbituric acid reactive 
substances (TBARS), GSH & Histopathology. 
 

2.4 Behavioral Models for Evaluation of 
HD  

 

2.4.1 Balance beam test  
 

The balance beam test was used to measure the 
mental alertness and muscle coordination of the 
animal to cross a narrow beam (3 cm × 100 cm) 
horizontally suspended 1m above the ground. In 
this test the travel of animal from one end to the 
other without falling was recorded [16,17]. During 
testing the rats were 2 min to traverse the beam. 
If the rat did not complete the task in 2 min or it 
fell off the beam, the trial was ended and the rat 
was placed back in the cage. For the successful 
performers the time was recorded. 
 

2.4.2 Limb withdrawal test 
 

This test is considered to be an important 
parameter to measure functional abnormalities of 
the hind limbs, which are indicative for the extent 
of striatal degeneration [18]. In this behavioural 
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 time taken by the 
animal to retract its first hind limb and the contra 
lateral hind limb were recorded. The difference 
between the retraction times of both hind limbs 
was determined. The test was performed three 
times with a 45 min interval and the average 
values were reported. 
 

2.4.3 Inclined plane test 
 

Inclined plane test, as described [19], was used 
to assess motor function, motor coordination and 
muscle strength in rats. The apparatus consists 
of two rectangular boards connected to each 
other by a hinge. A mat with ridges 0.6 cm in 
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height was fixed to the movable panel and two 
protractor-like plywood side panels with angles 0 
to 90° marked on its face were fixed on the base. 
The maximum inclination at which a rat could 
maintain itself for 5 s with the body axis 
perpendicular to the axis of the plane was 
considered as the ‘capacity angle’ for the 
animals. The angle was increased or decreased 
by a margin of 0.5° gradually until the rat could 
maintain its position on the inclined plane for 5 s 
without sliding downwards. 
 

2.4.4 String test for grip strength 
 

The latency to hold the grip on a horizontal wire 
is considered an indirect measure of grip 
strength [20]. The rat was allowed to hold (with 
the forepaws) a steel wire (2 mm in diameter and 
35 cm in length), stretched horizontally at a 
height of 50 cm over a cushion support. The 
length of time for which the rat was able to hold 
the wire was recorded. 
 

2.4.5 Motor activity 
 

The motor activity of the animal was assessed by 
putting them into the digital actophotometer. The 
number of crossings of the infrared beam were 
calculated for 2 min. After assessing each 
animal, the actophotometer was cleaned with 
ethanol.  
 

2.5 Biochemical Estimations 
 
2.5.1 Brain thiobarbituric acid reactive 

substances  
 
The animals were euthanized. Whole brain tissue 
was dissected out after removal of the skin from 
the skull followed by midline incision in the skull 
using scalper and bone cutting scissors. Whole 
brain samples were dissected by cutting the 
spinal cord at the base of the brain adjacent to 
the atlas vertebrate. The sample collected was 
washed twice with Phosphate buffer saline 
blotted and used for biological and histological 
evaluation. Samples were homogenized 
thoroughly. Later it was centrifuged at 10, 000 × 
g for 30 min and the supernatant was utilized for 
biochemical estimation. Briefly, 1 ml of 
supernatant and 1 ml of Tris HCL was incubated 
at 37ºC for 2 h. After incubation, 1 ml of 10% 
Trichloroacetic acid (TCA) was added and 
centrifuged at 10, 000× g for 10 min. To 2 ml of 
supernatant 2 ml of 0.375%w/v thiobarbituric acid 
was added and the tubes was kept in boiling 
water for 10 min. After cooling 1 ml of distilled 
water were added and absorbance was 

measured at 532 nm using a spectrophotometer 
(Shimadzu, Japan). Extent of lipid peroxidation 
was expressed as nanomoles of MDA 
(malondialdehyde level) consumed per minute at 
25ºC. 
 

sample of volume

 volumeTotal × sample Absorbance × 6.41 

/ mlMDAnmoles
 

 
2.5.2 Estimation of GSH [21]  
 

Briefly, 3 ml of potassium phosphate (0.2 M, pH 
7.6) buffer was taken in the test tube, followed by 
the addition of 1 ml supernatant and 0.5 ml 
Ellman’s reagent (19.8 mg of DTNB (0.001 M) in 
100 ml of 0.1% sodium citrate) was added. An 
absorbance of reaction product in the cuvette 
was read after 5 min at 412 nm using Shimadzu 
1601 UV/Visible double beam spectro-
photometer. 
 

2.6 Haematoxylin and Eosin Staining 
 
The Brain tissues preserved in 10% formalin 
were dehydrated in graded concentrations of 
ethanol, immersed in xylene and then embedded 
in paraffin. The sections of 4 µm thickness were 
cut and placed on slide using commercial 
Baker’s mounting fluid. Paraffin wax was 
removed by warming the slide gently, until the 
wax melted and then was washed with xylene. 
This was followed by washings with absolute 
alcohol and water to hydrate the sections and 
stained with haematoxylin and eosin [22]. The 
hydrated sections were stained with 
haematoxylin for 15 min. The stained sections 
were washed with water and treated with 1% 
acid alcohol mixture for 20 s. The acid alcohol 
mixture was washed off with water and sections 
were counterstained with 1% aqueous solution of 
eosin for 2 min. After washing with water to 
remove excess of eosin, the sections were 
dehydrated using absolute alcohol and then 
mounted using Canada balsam as mounting 
agent. The slides were observed for gross 
histopathological changes and neutrophil 
accumulation.  
 

2.7 Statistical Analysis  
 
All the result data was analyzed for statistical 
significance using Sigma - Stat

® 
software 

employing one way ANOVA followed by post hoc 
analysis by Tukey’s test for single as well as 
multiple comparison parameters. The p value ≥ 
0.05 was considered to be statistical significant. 
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3. RESULTS AND DISCUSSION 
 

3.1 Effect of ANDRO on 3-NP Induced 
Alterations in Motor Activity 

 

In the present study, administration of 3-NP (25 
mg/Kg i.p) to the control group resulted in a 
significant decrease in the motor activity (as 
evaluated using digital actophotometer) as 
compared to normal group indicating a  
significant lack in the central nervous system 
stimulation in the 3-NP treated group as 
compared to normal group. Administration of 
ANDRO in doses of 02 mg/Kg, 03 mg/Kg and 04 
mg/Kg i.p in rats resulted in a significant dose 
dependent increase in the motor activity as 
compared to 3-NP treated group (Fig. 1) 
indicating improvement in the central nervous 
system stimulation under the influence of 
ANDRO. 
 

3.2 Effect of ANDRO on 3-NP Induced 
Reduction in Mental Alertness 

 

In the present study, administration of 3-NP (25 
mg/Kg i.p) to the control group resulted in a 
significant decrease in the mental alertness and 
muscle coordination of animals to cross a narrow 
beam (as evaluated using Balance beam test) 
compared to normal group indicating a significant 

lack in the central nervous system stimulation in 
the 3-NP treated group as compared to normal. 
Administration of ANDRO in doses of 02 mg/Kg, 
03 mg/Kg and 04 mg/Kg i.p in rats resulted in a 
significant dose dependent increase in the 
muscle coordination and mental alertness as 
compared to 3-NPtreated group (Fig. 2) 
indicating improvement in the mental alertness 
and muscle coordination under the influence of 
ANDRO. 
 
3.3 Effect of ANDRO on 3-NP Induced 

Functional Abnormalities of Hind 
Limbs 

 
In the present study, administration of 3-NP (25 
mg/Kg i.p) to the control group resulted in a 
significant increase in the functional 
abnormalities of the hind limbs (as evaluated 
using limb withdrawal test) compared to normal 
group indicating a significant lack in the 
movement of hind limbs in the 3-NP treated 
group as compared to normal. Administration of 
ANDRO in doses of 02 mg/Kg, 03 mg/Kg and 04 
mg/Kg i.p in rats resulted in a significant dose 
dependent increase in the movement of the hind 
limbs as compared to 3-NP treated group (Fig. 3) 
indicating improvement in the hind limb 
movement under the influence of ANDRO. 

 

 
 

Fig. 1. Changes in motor activity score the normal, control and ANDRO treated groups 
 Values are represented as the mean ± S.D., n = 5 in each group, 

a 
p=.05 as compared to the Normal group; 

b 

p=.05, as compared to Control group; 
c 
p=.05, as compared to 3-NP + ANDRO Low dose group (2mg/Kg i.p);

 d 

p=.05, as compared to 3-NP + ANDRO Middle dose group (3mg/Kg i.p) 
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Fig. 2. Changes in mental alertness in the normal, control and ANDRO treated groups 
 Values are represented as the Mean ± S.D., n = 5 in each group, 

a 
p=.05as compared to the Normal group; 

b 

p=.05, as compared to Control group; 
c 
p=.05, as compared to 3-NP + ANDRO Low dose group (2mg/Kg i.p);

 d 

p=.05, as compared to 3-NP + ANDRO Middle dose group (3mg/Kg i.p) 
 

 
 

Fig. 3. Changes in functional abnormality in hind limbs in the normal, control and ANDRO 
treated groups 

 Values are represented as the Mean ± S.D., n = 5 in each group, 
a 
p=.05as compared to the Normal group; 

b 

p=.05, as compared to Control group; 
c 
p=.05, as compared to 3-NP + ANDRO Low dose group (2 mg/Kg i.p);

 d 

p=.05, as compared to 3-NP + ANDRO Middle dose group (3 mg/Kg i.p) 
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3.4 Effect of ANDRO on 3-NP Induced 
Alterations in Motor Functions 

 
In the present study, administration of 3-NP (25 
mg/Kg i.p) to the control group resulted in a 
significant decrease in the motor function, 
coordination and muscle strength (as evaluated 
using inclined plane test) compared to normal 
group indicating a significant lack in the motor 
function, coordination and muscle strength in the 
3-NP treated group as compared to normal. 
Administration of ANDRO at doses of 02 mg/Kg, 
03 mg/Kg and 04 mg/Kg i.p in rats resulted in a 
significant dose dependent increase in the motor 
function, coordination and muscle strength as 
compared to 3-NPtreated group (Fig. 4) 
indicating improvement in the motor function, 
coordination and muscle strength under the 
influence of ANDRO. 
 

3.5 Effect of ANDRO on 3-NP Induced 
Alterations in Grip Strength 

 
In the present study, administration of 3-NP (25 
mg/Kg i.p) to the control group resulted in a 

significant decrease in the grip strength  (as 
evaluated using string test) compared to normal 
group indicating a significant lack in the grip 
strength in the 3-NP treated group as compared 
to normal. Administration of ANDRO at doses of 
02 mg/Kg and 04 mg/Kg i.p in rats resulted in a 
significant increase in the grip strength as 
compared to 3-NPtreated group (Fig. 5) 
indicating improvement in muscle strength under 
the influence of ANDRO. 
 
3.6 Effect of 3-NP Induced Changes in 

Brain Tissue Biochemical Levels 
 
In the present study, there was a significant 
increase in the brain tissue Thiobarbituric Acid 
Reactive Substances (TBARS) levels in 3-NP 
treated group as compared to normal group 
indicating a significant increase in the generation 
of free radicals in the brain tissue in 3-NP treated 
group. Administration of ANDRO 2 mg/Kg, 3 
mg/Kg and 4 mg/kg i.p.in rats resulted in a 
significant dose dependent decrease in brain 
tissue TBARS levels as compared to 3-NP 
treated group (Fig. 6). 

 

 
 
Fig. 4. Changes in motor function and coordination in the normal, control and ANDRO treated 

groups 
Values are represented as the Mean ± S.D., n = 5 in each group, 

a 
p=.05as compared to the Normal group; 

b 

p=.05, as compared to Control group; 
c 
p=.05, as compared to 3-NP + ANDRO Low dose group (2 mg/Kg i.p);

 d 

p=.05, as compared to 3-NP + ANDRO Middle dose group (3 mg/Kg i.p) 
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Fig. 5. Changes in grip strength in the normal, control and ANDRO treated groups 
 Values are represented as the Mean ± S.D., n = 5 in each group, 

a 
p=.05as compared to the Normal group; 

b 

p=.05, as compared to Control group; 
c 
p=.05, as compared to ANDRO + Low dose group (2mg/Kg i.p);

 d 
p=.05, 

as compared to ANDRO + Middle dose group (3mg/Kg i.p) 

 

 
 

Fig. 6. Changes in brain tissue TBARS levels of normal, control and ANDRO treated groups 
 Values are represented as the Mean ± S.D., n = 5 in each group, 

a 
p=.05as compared to the Normal group; 

b 

p=.05, as compared to Control group; 
c 
p=.05, as compared to 3-NP + ANDRO Middle dose group (3mg/Kg i.p) 

 
Furthermore, there was a significant decrease in 
the brain tissue reduces glutathione (GSH) levels 
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ANDRO at doses of 2 mg/Kg, 3 mg/Kg and 4 
mg//kg i.p. in rats resulted in a significant dose 
dependent increase in brain tissue GSH levels as 
compared to 3-NP treated group (Fig. 7). 

 
3.7 Effect of ANDRO on 3-NP Induced 

Changes in Histopathology of the 
Brain Tissue 

 

Histological evaluation was performed on brain 
samples on the last day of the experimental 
protocol. Hematoxylin and eosin stained sections 
of tissues were evaluated for signs of 
neurodegenration. Comparison of brain tissue 
section from the ANDRO treated rats with control 
group showed significant improvement in the 
neurodegenration. The microscopic photographs 
are shown in (Fig. 8). Slides of Normal group 
showed well defined striatal cell morphology with 
no signs of degeneration or striatal cell 
margination (Fig. 8a). 3-NP treated group 
showed significant degenerative changes (Fig. 
8b) with widespread pyknosis (arrows) of the 
striatal tissue multifocal vacuolization (a hallmark 
of neuronal apoptosis), indicating severe 
neuronal apoptosis (Fig. 8b). In ANDRO (2 
mg/Kg i.p) treated group, the neuroapoptotic 
process was only marginally reduced indicating 
the the above mentioned dose was of sub-
therapeutic benefit (Fig. 8c) In ANDRO (3 mg/Kg 

i.p) treated groups, the neuroapoptotic process 
had been dampened relatively (Fig. 8d). In 
ANDRO (4 mg/Kg i.p) treated groups striatal 
tissue showed significantly less regions of striatal 
cell damage, diminished vacuolization and 
significantly less degeneration indicating 
prevention against neuro-apoptotic process (Fig. 
8e). 

 
The present study aimed to evaluate the effect of 
ANDRO; which is a potent NF-kB inhibitor, on 3-
NP induced neurodegeneration. Systemically 
administered 3-NP (mitochondrial enzyme 
inhibitor) is implicated in producing HD-like 
symptoms by causing biochemical and 
morphological changes in human and animal 
brain [23]. The compound 3-NP induces motor 
impairment and striatal toxicity by causing the 
degeneration of GABAergic medium spiny 
neurons in the striatum in a pattern that is similar 
to the neuronal cell death seen in HD patients 
[24]. Recent studies have highlighted the role of 
oxidative stress and resultant reactive oxygen 
species (ROS) in 3-NP induced neuroinflama-
tion and neurodegeneration. Moreover,                    
oxidative stress has been associated with the 
activation of NF-kB, a factor whose activation 
has been directly linked with progressive 
neuroinflamation and resultant neurodegenera-
tion [25].  

 

 
 

Fig. 7. Changes in brain tissue GSH levels of normal, control and ANDRO treated groups 
 Values are represented as the Mean ± S.D., n = 5 in each group, 

a 
p=.05, as compared to the Normal group; 

b 

p=.05, as compared to Control group; 
c 
p=.05, as compared to 3-NP + ANDRO Low dose group (2mg/Kg i.p);

 

d
p=.05, as compared to 3-NP + ANDRO Middle dose group (3mg/Kg i.p) 

0

1

2

3

4

5

6

n
M

o
le

/G
ra

m
 B

ra
in

 T
is

su
e

Glutathione Analysis

Normal Control 2mg/kg 3mg/kg 4mg/kg

a

b
b,c

b,c,d



 
 
 
 

Bhatia et al.; EJMP, 31(5): 40-52, 2020; Article no.EJMP.55079 
 
 

 
49 

 

(a) (b) 
 

Normal Striatal Tissue 3-NP induced Neuroapoptosis in Striatum 
(Arrows Show Striatal Cell Pyknosis due to 

apoptosis) 
 

(c) (d) 
 

3-NP + 2mg/Kg i.p ANDRO 3-NP + 3mg/Kg i.p ANDRO 
 

(e) 
 

3-NP + 4mg/Kg i.p ANDRO 
 

Fig. 8. The microscopic photographs of striatal tissues of normal, control and ANDRO 
treated groups. Slides of normal group showed well defined striatal cell morphology with 

no signs of degeneration or striatal cell margination (Fig. 8a). 3-NP treated group 
showed significant degenerative changes (Fig. 8b) with widespread pyknosis (arrows) of 
the striatal tissue multifocal vacuolization (a hallmark of neuronal apoptosis), indicating 
severe neuronal apoptosis (Fig. 8b). In ANDRO (2 mg/Kg i.p) treated group, the neuro-
apoptotic process was only marginally reduced indicating the above-mentioned dose 

was of sub-therapeutic benefit (Fig. 8c) In ANDRO (3mg/Kg i.p.) treated groups, the 
neuro-apoptotic process had been dampened relatively (Fig. 8d). In ANDRO (4 mg/Kg 

i.p.) treated groups striatal tissue showed significantly less regions of striatal cell 
damage, diminished vacuolization and significantly less degeneration indicating 

prevention against neuro-apoptotic process (Fig. 8e) 
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In the present study, systemic administration of 
3-NP for 07 days significantly reduced locomotor 
activity (hypokinetic movements) and grip 
strength performance in animals, suggesting that 
3- NP more likely mimics either the juvenile onset 
or late stages of HD-like behavior. Earlier reports 
also confirm that 3-NP caused impairment in 
motor and cognitive functions, oxidative defense 
and mitochondrial enzyme complex activities in 
rats [26,27]. Our findings are therefore, in 
concordance with previously documented effect 
of 3-NP induced neurodegeneration, as in HD. 

 
Administration of ANDRO at a dose of 2mg/Kg 
i.p, 3 mg/Kg i.p and 4 mg/Kg i.p was able to 
significantly improve the mental alertness, 
muscle coordination, grip strength, muscle 
strength, motor activity and other functional 
abnormalities in the animal suggesting its 
therapeutic potential against HD-like behavior. 
The models used to evaluate mental alertness, 
muscle coordination; grip strength, muscle 
strength, motor activity and other functional 
abnormalities have been widely acclaimed as 
excellent models for evaluation of progressive 
neuronal degeneration [28]. 
 
It has been hypothesized number of times that 
ROS may act directly by accumulating in brain 
and causing derangement and demolition of 
antioxidant defense system of the brain [29] or 
may act indirectly through various pathological 
pathways such as NF-kB. ROS mediated 
activation of NF-kB has been implicated in 
neurodegeneration.In the present investigation, 
3-NP treatment (25 mg/kg i.p) resulted in marked 
increase in oxidative stress as was indicated by 
significant increase in lipid peroxidation (TBARS) 
and a subsequent decrease in antioxidant 
defense situation as was evident by a significant 
decline in level of brain tissue GSH and 
dopamine levels. Moreover, there was increased 
neurodegeneration. 

 
However, administration of ANDRO at doses of 2 
mg/Kg i.p., 3mg/Kg i.p. and 4mg/Kg 
i.p.significantly decreased TBARS and restored 
GSH and dopamine levels. Furthermost, there 
was significant decrease in neurodegeneration.It 
is interesting to know that ANDRO is a potent 
inhibitor of NF-kB activation [30] and is widely 
aclaimed antioxidant. From the results we 
hypothesize that 3-NP can be associated with 
HD like symptoms that are neurodegeneration 
and dementia by two known mechanisms 
involving potentiation of oxidative stress as well 
as NF-kB activation which culminates in 

progressive neurodegeneration and dementia. 
As per the results of our investigation, ANDRO 
induced protection against 3-NP mediated HD 
like neurodegeneration could be attributed to 
antioxidant as well as NF-kB inhibitory action of 
ANDRO. However, further studies are still 
warranted to elucidate the molecular mechanism 
of observed effect of Andrographolide in 3-NP 
induced HD and other associated models.  

 
4. CONCLUSION 
 
We conclude that administration of ANDRO 
resulted in protection against 3-NPA induced HD 
like neurodegeneration. The administration of 3-
NP to the control and treatment groups of rats 
resulted in significant development of symptoms 
of HD. The symptoms were characterised as 
movement and coordination abnormilities 
indicating possible striatal neuron damage by 
administration of mitochondrial toxin, 3-
NP.Moreover, administration of 3-NP resulted in 
oxidative stress and disruption of free radical 
scavenging mechanisms in rat brains.Finally, the 
histopathological evaluation of 3-NPA treated 
animal showed marked degeneration of the 
striatal neurons. Majority of the striatal cells 
revealed apoptotic changes with significant 
neuronal loss.In the treatment groups there was 
significant decrease in the severity of 
neurodegeneration with majority of the striatal 
neurons still intact. Conclusively, we hypothesize 
that the antioxidant as well as NF-kB inhibitory 
activity of ANDRO could be possibly involved in 
the observed beneficial effects of ANDRO in the 
present study. 
 

CONSENT 
 

It is not applicable. 
 

ETHICAL APPROVAL  
 

All authors hereby declare that "Principles of 
laboratory animal care" (NIH publication No. 85-
23, revised 1985) were followed. The care of 
laboratory animals was done as per the 
guidelines of CPCSEA, Ministry of Forests & 
Environment; Government of India. The research 
protocol of this study was approved by 
Institutional Animal Ethics Committee (IAEC) of 
Khalsa College of Pharmacy, Amritsar. 

 
ACKNOWLEDGEMENTS 
 

The present study was a self financed study. The 
authors would like to thank Dr. Varinder Soni, 



 
 
 
 

Bhatia et al.; EJMP, 31(5): 40-52, 2020; Article no.EJMP.55079 
 
 

 
51 

 

Associate Professor, Department of 

Pharmaceutical Analysis, Khalsa College of 
Pharmacy, Amritsar and Dr. Gurjeet Singh, 

Assistant Professor, Department of 
Pharmaceutics, Khalsa College of Pharmacy, 
Amritsar, India for their help and support in 

completion of the research work. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Kent A. Huntington’s disease. Nursing 
Standard. 2004;18(32):45-51. 
DOI: 10.7748/ns2004.04.18.32.45.c3596 

2. Túnez I, Montilla P, Del Carmen Muñoz M, 
Feijóo M, Salcedo M. Protective effect of 
melatonin on 3-nitropropionic acid-induced 
oxidative stress in synaptosomes in an 
animal model of Huntington's disease. J 
Pineal Res. 2004;37(4):252-6. 
DOI: 10.1111/j.1600-079X.2004.00163.x 

3. Steven M. Hersch, H. Diana Rosas. 
Neuroprotection for Huntington’s disease: 
Ready, set, slow. Neurotherapeutics. 2008; 
5(2):226-236. 
DOI: 10.1016/j.nurt.2008.01.003. 

4. The Huntington's Disease Collaborative 
Research Group: A novel gene containing 
a trinucleotide repeat that is expanded and 
unstable on Huntington's disease 
chromosomes. Cell. 1993;72:971–983. 

5. Graham RK, Pouladi MA, Joshi P, Lu G, 
Deng Y, Wu NP, Figueroa BE, Metzler M, 
Andre VM, Slow. Differential susceptibility 
to excitotoxic stress in YAC128 mouse 
models of Huntington disease between 
initiation and progression of disease. J. 
Neurosci. 2009;29:2193–2204. 

6. Joshi PR, Wu NP, Andre VM, Cummings 
DM, Cepeda C, Joyce JA, Carroll JB, 
Leavitt BR, Hayden MR, Levine. Age-
dependent alterations of corticostriatal 
activity in the YAC128 mouse model of 
Huntington disease.” J. Neurosci. 2009;29: 
2414–2427. 
DOI: 10.1523/JNEUROSCI.5687-08.2009 

7. Meffert MK, Baltimore D. Physiological 
functions for brain NF-KB. Trends 
Neurosci. 2005;28:37–43. 

8. Meffert MK, Chang JM, Wiltgen BJ. 
Fanselow MS, Baltimore D. NF-kappa B 
functions in synaptic signaling and 

behavior. Nat. Neurosci. 2003:61:1072–
1078. 

9. Basak A, Cooper S, Roberge AG, Banik 
UK, Chrétien M, Seidah NG. Inhibition of 
proprotein convertases-1, -7 and furin by 
diterpines of Andrographis paniculata and 
their succinoyl esters. Biochem J. 1999; 
15;338(Pt 1):107–113. 

10. Wei Wang, Jing Wang, Sheng-fu Dong, 
Chun-hong Liu, Paola Italiani, Shu hui Sun, 
Jing Xu, Diana Boraschi, Shi-ping Ma, Di 
Qu. Immunomodulatory activity of 
andrographolide on macrophage activation 
and specific antibody response. Acta 
Pharmacol Sin. 2010;31(2):191–201. 
DOI: 10.1038/aps.2009.205. 

11. Chan SJ, Wong WS, Wong PT, Bian JS. 
Neuroprotective effects of andrographolide 
in a rat model of permanent cerebral 
ischaemia. Br J Pharmacol. 2010; 
161(3):668-79.  
DOI: 10.1111/j.1476-5381.2010.00906.x 

12. Shen W, Zhang C,  Zhang G. Nuclear 
factor kappa B activation is mediated by 
NMDA and non-NMDA receptor and L-type 
voltage-gated Ca (2+) channel following 
severe  global ischemia in rat 
hippocampus. Brain Res. 2002;933(1):23-
30. 

13. Brouillet E, Condé F, Beal MF,  Hantraye 
P. Replicating Huntington's disease 
phenotype in experimental animals. Prog 
Neurobiol. 1999;59(5):427-68. 

14. Guyot MC, Hantraye P, Dolan R, Palfi S, 
Maziere M, Brouillet E. Quantifiable 
bradykinesia, gait abnormalities and 
Huntington's disease-like striatal lesions in 
rats treated with 3-nitropropionic acid, 
Neuroscience. 1997;79:45–56. 

15. Tariq M, Khan HA, Elfaki I, Al Deeb S, Al 
Moutaery K. Neuroprotective effect of 
nicotine against 3-nitropropionic acid (3-
NP)-induced experimental Huntington's 
disease in rats. Brain Res. Bull. 2005;67: 
161–168. 

16. Shear DA, Dong J, Gundy CD, Haik-
Creguer KL, Dunbar GL. Comparison of 
intrastriatal injections of quinolinic acid and 
3-nitropropionic acid for use in  animal 
models of Huntington's disease. Prog. 
Neuro-psychopharmacol. Biol. Psychiatry. 
1998;22:1217–1240. 

17. Haik KL, Shear DA, Schroeder U, Sabel 
BA, Dunbar GL. Quinolinic acid released 
from polymeric brain implants causes 
behavioral and neuroanatomical alterations 



 
 
 
 

Bhatia et al.; EJMP, 31(5): 40-52, 2020; Article no.EJMP.55079 
 
 

 
52 

 

in a rodent model of Huntington's disease. 
Exp. Neurol. 2000;163:430–439. 

18. Vis JC, Verbeek MM, de Waal RM,                
ten Donkelaar HJ, Kremer B. The 
mitochondrial toxin 3-nitropropionic        
acid induces differential expression 
patterns of apoptosis-related markers in rat 
striatum. Neuropathol Appl Neurobiol. 
2001;27(1):68-76. 

19. Rivlin AS, Tator CH. Objective clinical 
assessment ofmotor functionafter 
experimental spinal cord injury in the rat. J. 
Neurosurg. 1977;47:577–581. 

20. Shear DA, Dong J, Gundy CD, Haik-
Creguer KL, Dunbar GL. Comparison of 
intrastriatal injections of quinolinic acid and 
3-nitropropionic acid for use in animal 
models of Huntington's disease. Prog. 
Neuro-psychopharmacol. Biol. Psychiatry. 
1998;22:1217–1240. 

21. Owens CW, Belcher RV. A colorimetric 
micro-method for the determination of 
Glutathione. Biochem J. 1965;94:705-11. 

22. Clayden AD, Knowelden J, Parkhouse J. A 
general professional training inquiry. 
Postgrad Med J. 1971;47(546):201–206. 

23. Andre VM, Cepeda C, Levine M. 
Dopamine and glutamate in Huntington’s 
disease: a balancing act, CNS Neurosci 
Ther. 2004;16:163–178. 

24. Azadeh A. Rikani, Zia Choudhry, Adnan M 
Choudhry, Nasir Rizvi, Huma Ikram, 
Nusrat J. Mobassarah, Sagun Tuli. The 
mechanism of degeneration of striatal 
neuronal subtypes in Huntington disease. 
Ann Neurosci. 2014;21(3):112–114. 

25. Kang MJ, Vasudevan D, Kang K, Kim K, 
Park JE, Zhang N, Zeng X, Neubert TA, 
Marr MT, Ryoo HD. 4E-BP is a target of 
the GCN2-ATF4 pathway during 
Drosophila development and aging.  J. 
Cell Biol. 2017;216(1):115-129. 

26. Kumar P, Kumar A. Prolonged 
pretreatment with carvedilol prevents 3-
nitropropionic acid-induced behavioral 
alterations and oxidative stress in 
rats. Pharmacol Rep. 2008;60:706–715.  

27. Kumar P, Kumar A. Effect of lycopene and 
epigallocatechin-3-gallate against 3-
nitropropionic acid induced cognitive 
dysfunction and glutathione depletion in 
rat: a novel nitric oxide mechanism. Food 
Chem Toxicol. 2009a;47:2522–2530.  

28. Mutairy, Ahmed, Kadasah, Saeed, Elfaki, 
Ibrahim, Mohammed, Arshaduddin, Malik, 
Dilshad, Moutaery, Khalaf, Tariq, 
Mohammad. Trolox ameliorates 3-
nitropropionic acid-induced neurotoxicity in 
rats. Neurotoxicology and Teratology. 
2010: 32. 226-233. 
DOI: 10.1016/j.ntt.2009.09.003  

29. Kamp F, Exner N, Lutz AK, Wender N, 
Hegermann J, Brunner B,    Nuscher B, 
Bartels T, Giese A, Beyer K, Eimer S, 
Winklhofer KF, Haass C. Inhibition of 
mitochondrial fusion by alpha-synuclein is 
rescued by PINK1, Parkin and DJ-1. Embo 
J. 2010;29:3571–3589. 

30. Liu T, Zhang L, Joo D, Sun SC. NF-κB 
signaling in inflammation. Signal Transduct 
Target Ther. 2017;2(pii):17023.  
DOI: 10.1038/sigtrans.2017.23 

_________________________________________________________________________________ 
© 2020 Bhatia et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/55079 


