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Abstract 

Objective: The Data suggest that swertiamarin has antioxidant activity and they modulate neurotoxicity induced 

oxidative impairments in the brain and can be effectively employed as a neuroprotective. The preclinical findings 

obtained in the present study may provide a rationale for clinical trials of swertiamarin in humans with HD. Swertiamarin 

is a safe and well tolerated drug used as nutrient so can be administered for a long period of time. 

Method: Adult male Wistar rats born and reared in the Animal House of the Agnihotri College of Pharmacy, Wardha, 

India was used in the present study. Young healthy male rats (250–300 g) were group housed (Six per cage) and 

maintained at 23±2◦C under 12:12 hrs light (08:00–20:00 h)/dark cycle with free access to rodent chow and tap water. 

The animal studies were approved by the Institutional Animal Ethics Committee, constituted for the purpose of control 

and supervision of experimental animals by Ministry of Environment and Forests, Government of India, New Delhi, India. 

Animals were naive to drug treatments and experimentation at the beginning of all studies. All tests were conducted 

between 08:00 and13:00 h. The drug was tested in doses of 25-100 mg/kg ip. Unless stated otherwise, the data given 

indicate the effect of swertiamarin in doses of 50 mg/kg ip and a pretreatment time of 1 hr. 

Result: These findings demonstrate that daily treatment with swertiamarin protects against various behavioral and 

biochemical alterations induced by 3-nitropropionic acid in rats. However, further studies are required to understand the 

exact mechanism involved in its neuroprotective role in this animal model of Huntington's disease. 

Conclusion: Swertiamarin treatment protects behavioral changes, and significantly attenuated oxidative damage and 

improved mitochondrial complexes enzyme activities in different regions (striatum, cortex and hippocampus) of rat brain 

against 3-NP induced neurotoxicity. The results show that more effective than Swertiamarin and thus it could be used as 

an effective therapeutic agent in the management of Huntington's disease and related conditions. 
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Introduction 

Huntington's disease, or disorder (HD), is a 
neurodegenerative genetic disorder that affects muscle 
coordination and leads to cognitive decline and dementia. 
It typically becomes noticeable in middle age. HD is the 
most common genetic cause of abnormal involuntary 
writhing movements called chorea and is much more 
common in people of Western European descent than in 
those from Asia or Africa. The disease is caused by an 
autosomal dominant mutation on either of an individual's 
two copies of a gene called Huntingtin, which means any 
child of an affected parent has a 50% risk of inheriting the 
disease [1]. In rare situations where both parents have an 
affected copy this risk increases to 75%, and when either 
parent has two affected copies, the risk is 100% (all 
children will be affected). Physical symptoms of 
Huntington's disease can begin at any age from infancy to 
old age, but usually begin between 35 and 44 years of age. 
About 6% of cases start before the age of 21 years with an 
akinetic-rigid syndrome; they progress faster and vary 
slightly. The variant is classified as juvenile, akinetic-rigid 
or Westphal variant HD [2]. 
 

Signs and Symptoms  

The most characteristic initial physical symptoms are 
jerky, random, and uncontrollable movements called 
chorea. Chorea may be initially exhibited as general 
restlessness, small unintentionally initiated or 
uncompleted motions, lack of coordination, or slowed 
saccadic eye movements. These minor motor 
abnormalities usually precede more obvious signs of 
motor dysfunction by at least three years. The clear 
appearance of symptoms such as rigidity, writhing 
motions or abnormal posturing appear as the disorder 
progress [3] (Tables 1 and 2).  

 
Irritability 38–73% 

Apathy 34–76% 

Anxiety 34–61% 

Depressed mood 33–69% 

Obsessive and compulsive 10–52% 

Psychotic 3–11% 

Table 1: Behavioral and psychiatric symptoms in 
Huntington's disease. 

 

 

Repeat count Classification Disease status 

<28 Normal Unaffected 

28–35 Intermediate Unaffected 

36–40 
Reduced 

Penetrance 
+/- Affected 

>40 Full Penetrance Affected 

Table 2: Classification of the trinucleotide repeat, and 
resulting disease status, depends on the number of CAG 
repeats.  

     
Literature Review 

It is also characterized by degeneration of the striatal 
neurons, which leads to both motor and cognitive 
impairments. Previous reports suggest that excitotoxic 
events, oxidative stress, alterations in energy metabolism 
and mitochondrial dysfunction are involved in the 
pathophysiology of HD. The generation of ROS and the 
resulting oxidative damage are thought to play a central 
role in the process of neurodegeneration. Overproduction 
of reactive oxygen species (ROS) in neurons is 
physiologically blocked by free radical scavengers, such as 
glutathione and superoxide dismutase, in the body [4] 
(Figures 1 and 2). 

 

Drug Profile 

Inducer Drug  

 

 

 

Figure 1: Chemical structure of 3-Nitropropionic acid. 
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Treatment Drug  

 

 

Figure 2: Swertiamarin. 
 

Objective and Plan of Work 

Grouping and Randomization. Induction of 
Huntington’s disease using 3-nitropropoinic acid. 
Fourteen day daily i.p. dosing of Swertiamarin and oral 
dosing of Cod liver oil 1 hr before 3-nitropropoinic acid. 
To determine the effect Swertiamarin in animal model of 
Huntington’s disease. Termination on day 14 and 
parameters to be measured as follows: 
a. Succinate dehydrogenase 
b. Lactate dehydrogenase 
c. Reduced glutathione 
d. Lipid peroxidation 
e. Acetylcholinesterase 
f. Nitrite 
 

Materials and Method 

 Subject 

Adult male Wistar rats born and reared in the Animal 
House of the Agnihotri College of Pharmacy, Wardha, 
India was used in the present study. Young healthy male 
rats (250–300 g) were group housed (Six per cage) and 
maintained at 23±2°C under 12:12 hrs light (08:00–20:00 
h)/dark cycle with free access to rodent chow and tap 
water. The animal studies were approved by the 
Institutional Animal Ethics Committee, constituted for the 
purpose of control and supervision of experimental 
animals by Ministry of Environment and Forests, 
Government of India, New Delhi, India. Animals were 
naive to drug treatments and experimentation at the 
beginning of all studies. All tests were conducted between 
08:00 and13:00 h. 
 

 Drugs and Solutions 

The drug was tested in doses of 25-100 mg/kg ip. 
Unless stated otherwise, the data given indicate the effect 

of swertiamarin in doses of 50 mg/kg ip and a pre-
treatment time of 1 hr [5]. 
 

Treatments Schedule 

1. The following drugs were used in the present study. 3-
NP (Sigma Chemical, India) was diluted with saline 
(adjust pH 7.4) and administered intraperitoneally to 
animals. Swertiamarin sulphate (Sigma-Aldrich Labs, 
Bangalore, India) was diluted with double saline and 
administered intraperitoneally, DHA (Docosahexaenoic 
acid) administered by per oral route in a constant 
volume of 0.5 ml/100 g of body weight. 

2. Animals were randomly divided into twelve groups of 6 
animals in each. Group—1 vehicle treated, received 
normal saline (i.p.); Group—2 received 3-NP (10 
mg/kg, i.p.) for14days Group—3 received 
Swertiamarin (10mg/kg) per se, Group—4, 5, 6, 
received Swertiamarin (2.5, 5, 10mg/kg) + 3-NP (10 
mg/kg, i.p.) for 14 days. Swertiamarin was 
administered 1 h prior to 3-NP administration [6]. 

3. Group-7 vehicle treated, received corn oil (p.o.); 
Group—8 received 3-NP (10 mg/kg, i.p.) for 14 days, 
Group—9 received DHA (100mg/kg) per se, Group—
10, 11, 12, received DHA (50, 100, 200mg/kg) + 3-NP 
(10 mg/kg, i.p.) for 14 days. DHA was administered 1 h 
prior to 3-NP administration. 

 

Behavioral Tests 

a. Morris water maze test (Figures 4 and 5) 

b. Novel object recognition test (Figure 7) 

c. Actophotometer test (Figure 3) 

d. Limb withdrawal test (Figure 6) 

 

Biochemical Estimations  

a. Estimation of Acetyl cholinesterase activity (Figure 10) 

b. Estimation of lipid peroxidation (Figure 11) 

c. Estimation of glutathione (Figure 12) 

d. Estimation of nitrite (Figure 13) 

e. Succinate dehydrogenase (SDH) activity (Complex-II) 
(Figure 8) 

f. Lactate dehydrogenase enzyme activity (Figure 9) 

g. Protein estimation 

 

Results 

Effect of daily treatment of swertiamarin on 3-
nitropropionic acid-induced alterations in various 
behavioral parameters.  
Effect of swertiamarin on locomotor activity: 
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Figure 3: Influence of swertiamarin treatment on 
locomotor activity in Actophotometer. 

 
 
Effect of swertiamarin on spatial navigation task in 3-
NP treated rats: 

 
 

 

Figure 4: Influence of swertiamarin treatment on 
transfer latency in Morris water maze. 

 
 

 

Figure 5: Influence of swertiamarin treatment on time 
spent in target quadrant in Morris water maze. 

 
Effect of swertiamarin on limb withdrawal test: 
 

 

 

Figure 6: Influence of swertiamarin treatment on the 
limb withdrawal. 

Effect of swertiamarin on Novel object recognition 
memory: 
 

 

Figure 7: Influence of treatment of swertiamarin on 
the investigation ratios for the two retention intervals 
(30 min and 24 h respectively), for the object 
recognition test. 

 

Effect of daily treatment of Swertiamarin on 3-
nitropropionic acid-induced alterations in 
various biochemical parameter 

Effect of swertiamarin on succinate dehydrogenase 
enzyme: 
 

 

Figure 8: Effect of treatment with swertiamarin on 
succinate dehydrogenase in striatum, cerebral cortex 
and Hippocampus of rat brain (mean ± S.E.M. of 6 
observations) in the different groups of rats. 

 
 
Effect of swertiamarin on the lactate dehydrogenase 
activity in 3-NP treated rats: 
 

 

Figure 9: Effect of treatment with swertiamarin on 
lactate dehydrogenase in striatum, cerebral cortex and 
Hippocampus of rat brain (mean ± S.E.M. of 6 
observations) in the different groups of rats. 
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Effect of swertiamarin on acetyl cholinesterase levels 
in 3-NP treated rats: 

 

 

Figure 10: Effect of treatment with swertiamarin on 
acetyl cholinesterase level in striatum, cerebral cortex 
and hippocampus of rat brain (mean ± S.E.M. of 6 
observations) in the different groups of rats. 

 
 
Effects of swertiamarin on parameters of oxidative 
stress in brain: 
Effect of swertiamarin on lipid peroxidation (MDA) 

 

 

Figure 11: Effect of treatment with swertiamarin on 
lipid peroxidation in striatum, cerebral cortex and 
Hippocampus of rat brain (mean ± S.E.M. of 6 
observations) in the different groups of rats. 

 
Effect of swertiamarin on reduced glutathione: 
 

 

Figure 12: Influence of treatment with swertiamarin 
on glutathione levels in striatum, cerebral cortex and 
hippocampus of rat brain (mean ± S.E.M. of 6 
observations) in the different groups of rats. 

Effect of swertiamarin on nitrite concentration: 
 

 

Figure 13: Influence of treatment with swertiamarin 
on nitrite concentration in striatum, cerebral cortex 
and hippocampus of rat brain (mean ± S.E.M. of 6 
observations) in the different groups of rats. 

 

Discussion 

The core finding of the present study is that 
administration of relevant doses of swertiamarin is 
remarkably neuroprotective in rats against 3-
nitropropionic acid-induced neurotoxicity. We have 
chosen the dose of swertiamarin (2.5, 5 and 10 mg/kg., 
i.p.) according to the previous studies done in our 
laboratory [7]. There are no previous reports on the 
protective effect of swertiamarin in 3-nitropropionic acid 
induced neurotoxicity, an animal model for Huntington's 
disease. In the present study, swertiamarin attenuated 
various behavioral and biochemical alterations due to 3-
nitropropionic acid and thus providing the first evidence 
regarding its beneficial effect in Huntington's disease [8].  

 
Huntington's disease is a hereditary autosomal 

dominant neurodegenerative disease characterized by 
motor, cognitive and psychiatric symptoms. Huntington's 
disease patients show degenerative changes in the basal 
ganglia structures particularly caudate and putamen, 
resulting in a shrunkend brain and enlarged ventricles. 
Although the striatum is the most profoundly affected 
region in HD, degenerative changes in the cortex, 
thalamus, and subthalamic nucleus have also been 
reported in HD [9]. Though the exact mechanism of 
neuronal degeneration in HD is obscure, several reports 
have hypothesized the enhanced glutamate 
neurotransmission, apoptosis, transcriptional 
dysregulation, oxidative stress, and mitochondrial 
dysfunction and neurotransmitter alterations [10]. 

 
The present study employed 3-nitropropionic acid as 

an animal model of Huntington's disease (HD). 3-
Nitropropionic acid (3-NP) is a suicide inhibitor of 
succinate dehydrogenase and is a widely distributed plant 
and fungal neurotoxin known to induce damage to basal 
ganglia, hippocampus, spinal tracts and peripheral nerves 
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in animals. Reduced activity of the complex II enzyme 
succinate dehydrogenase (SDH) has been found in post-
mortem HD brain tissue [11]. In addition, a decrease in 
complex II activity in HD basal ganglia has been observed. 
A major advantage of this model over other models of HD 
is that the lesions produced are bilateral and striatal-
specific, and develops spontaneously after systemic 
administration of 3-NP [12]. 

 
Systemic administration of 3-nitropropionic acid is 

known to produce hypoactivity that resembles juvenile 
onset and advanced Huntington's disease in rats [13]. It 
produces significant motor and behavioral abnormalities 
including bradykinesia, muscles weaknesses and rigidity 
[14]. These findings are in agreement with earlier reports 
which also observed a variety of neurobehavioral 
abnormalities and motor deficit in rats following 3-NP 
administration [15,16]. In the present study, 
administration of 3-nitropropionic acid daily for 14 days 
decreased the ambulatory movements (in 
actophotometer) and causes a delay in retraction time of 
the hind limb (in Limb withdrawal apparatus), thus 
representing the motor abnormalities [17]. Daily 
treatment with swertiamarin for 14 days dose-
dependently attenuated 3-nitropropionic acid-induced 
hypolocomotion and motor incoordination [1]. 

 
Systemic administration of 3-nitropropionic acid also 

decreased the SDH levels in the whole brain, suggesting 
mitochondrial damage and pre-treatment with 
swertiamarin attenuated this decrease in SDH levels. 
These results show that swertiamarin may prevent 
mitochondrial deterioration and maintain synaptic 
integrity against damage induced by 3-nitropropionic acid 
[11]. 

 
3-NP is known to produce memory deficit which could 

be related to its selective striatal damage and certain 
hippocampal neuronal damage [17]. Among the affected 
neurons in the hippocampal complex are the pyramidal 
neurons in the CA1 region as well as various neurons in 
the CA3 region and dentate hilar area [18]. Memory loss 
may be due to an increase in the brain oxidative stress, 
which seems to have an important role in cognitive 
impairment caused by normal aging and 
neurodegenerative diseases [7].  

 
In the present study, 3-nitropropionic acid produced 

memory deficit in rats and daily treatment with 
swertiamarin improved memory retention in 3-NP. This 
property of swertiamarin could be helpful in ameliorating 
the memory impairment in Huntington's disease patients. 

 

Increased oxidative stress and mitochondrial 
abnormalities contribute to neuronal dysfunction in HD. 
The mitochondrial genome may play an essential role in 
the pathogenesis of various neurodegenerative diseases 
including HD, and evidence for mitochondria being a site 
of damage in neurodegenerative disorders is based in part 
on observed decreases in the respiratory chain complex 
activities in Parkinson's, Alzheimer's, and Huntington's 
disease. Such defects in respiratory complex activities, 
possibly associated with oxidant/antioxidant imbalance, 
are thought to underlie defects in energy metabolism and 
induce cellular degeneration [7]. Free radicals typically 
generated from mitochondrial respiration, cause 
oxidative damage of nucleic acids, lipids, carbohydrates 
and proteins.  

 
It was suggested that plasma malondialdehyde may be 

used as a potential biomarker to test treatment efficacy of 
drugs used in HD [9]. A significant amount of work has 
suggested that free radical generation may underlie the 
neurotoxic effects of succinate dehydrogenase inhibitors 
such as 3-NP. In the present study, there was an increase 
in the brain MDA (indicator of the lipid peroxidation due 
to free radicals) and decrease in reduced glutathione 
levels following 3-NP administration, which was 
attenuated by swertiamarin, suggesting the antioxidant 
action of swertiamarin. Moreover, there was increase in 
nitrite levels with 3-nitropropionic acid which was 
reversed by swertiamarin [16]. 

 
Cholinergic neurotransmission is a central process 

underlying memory and cognitive function. Cholinergic 
basal forebrain neurons in the nucleus basalis 
magnocellularis innervate the cerebral cortex, 
amygdaloid complex and hippocampus, and are essential 
for learning and memory formation [5]. One of the most 
important mechanisms responsible for correct cholinergic 
function is performed by enzyme choline esterase (ChE). 
In the present study, treatment with swertiamarin 
partially decreased the levels of ChE in cerebral cortex 
and hippocampus of HD rats [19].  

 
These findings demonstrate that daily treatment with 

swertiamarin protects against various behavioral and 
biochemical alterations induced by 3-nitropropionic acid 
in rats. However, further studies are required to 
understand the exact mechanism involved in its 
neuroprotective role in this animal model of Huntington's 
disease [20]. 

 
In the present study, 3-NP treatment produced 

significant motor and behavioral abnormalities including 
bradykinesia, muscle weakness and rigidity. These finding 
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are in agreement with earlier reports which also observed 
a variety of neurobehavioral abnormalities and motor 
deficit in rats following 3-NP administration. The 
symptoms developed by chronic administration of 3-NP 
are analogues to juvenile onset and late hypokinetic 
stages of HD. 3-NP administration for 14 days 
significantly impaired body weight and locomotor activity 
of the animals as compare to the vehicle treated group. 
The striatal lesions and bradykinesia could be partly 
responsible for reducing rat appetite, food intake and 
motor incoordination [8]. Treatment with the DHA 
significantly reversed the alteration in body weight and 
locomotor activity. Motor activity of the 3-NP treated 
animals also significantly decreased in rot 
actophotometer as compared to the vehicle treated rats 
and impaired motor changes were significantly reversed 
by DHA treatment [12]. 

 
Systemic administration of the mitochondrial toxin, 3-

NP leads to depletion of cellular ATP and induces 
striatum-specific lesions that resemble Huntington's like 
disease. 3-NP treatment significantly depleted enzyme 
levels (succinate dehydrogenase and reduced 
glutathione) and raised oxidants (increased lipid 
peroxidation, nitrite level) suggesting the role of oxidative 
stress in the neurodegenerative process [21].  

 
Previous studies clearly demonstrate that increased 

oxidative stress can be one of the major deleterious 
events in clinical and experimentally induced HD. In the 
present study, 3-NP significantly increased oxidative 
stress (lipid peroxidation and nitrite levels) and 
decreased enzyme levels (succinate dehydrogenase and 
reduced glutathione) in striatum, cortex and hippocampal 
regions of the brain, which were reversed by DHA 
treatment [18]. 

 
Furthermore, neurotoxicity of 3-NP is attributed to its 

ability to produce ischemic injury by interfering with 
complex-II of mitochondrial respiratory chain leading to 
depressed ATP levels. In this study, 3-NP significantly 
decreased mitochondrial complex activity (Complexes- I, 
II, III, and IV) in the striatum, cortex and hippocampal 
areas of brain. Complex-II enzyme activity was 
significantly reduced as compared to other complexes 
because of the specificity of 3-NP towards succinate 
dehydrogenase [7]. Neurons in brain are highly 
vulnerable to ischemia and therefore impairment of 
energy metabolism was associated with 
neurodegenerative changes including HD in brain. DHA 
treatment for 14 days significantly attenuates the 
dysfunctional mitochondrial enzyme complex in striatum, 
cortex and hippocampus [10,22,23]. 

Conclusions and Future Scope 

Swertiamarin treatment protects behavioral changes, 
and significantly attenuated oxidative damage and 
improved mitochondrial complexes enzyme activities in 
different regions (striatum, cortex and hippocampus) of 
rat brain against 3-NP induced neurotoxicity. The results 
show that more effective than Swertiamarin and thus it 
could be used as an effective therapeutic agent in the 
management of Huntington's disease and related 
conditions.  

 
We attempted to investigate the neuroprotective effect 

of Swertiamarin in animal model of Huntington’s disease. 
To get a detailed account of the Swertiamarin in 
neuroprotection further confirmatory studies are 
required. Immunocytochemical studies should be carried 
out to further strengthen the neuroprotective effect of 
Swertiamarin. To study the effect of Swertiamarin in 
transgenic animal model of HD. 
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