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ABSTRACT

Aim: To study the effect of 3-methyladenine and chloroquine phosphate on 3-nitropropionic
acid induced Huntington’s disease-like symptoms in mice. Materials and Methods:
3-Nitropropionic acid was administered at the dose of 50 mg/kg, i.p. twice daily for
5 days for inducing Huntington’s disease like symptoms. 3-Methyladenine (15 and
30 mg/kg, i.p.) and chloroquine phosphate (25 and 50 mg/kg, /i.p.) were administered
30 min before each 3-nitropropionic acid administration. The motor tests including, rota-rod,
beam walking, lateral push test and open-field test, along with memory/cognitive test
using object recognition test were performed on day O, 3 and 6. The role of autophagy
was assessed by measuring the levels of LC3Il in the brain. Histopathological studies
using H&E, nissl staining; and immunohistochemistry of neuron specific enolase and
caspase-3 were also performed. Results: Administration of 3-nitropropionic acid caused a
decline in the motor functions and cognitive abilities of the animals. The histopathological
studies also indicated neuronal injury and neuronal loss in the striatal region. Treatment
with 3-methyladenine and chloroquine ameliorated motor and cognitive parameters
induced by 3-nitropropionic acid along with prevention of neuronal loss. Moreover, these
pharmacological agents ameliorated altered levels of LC3Il with 3-methyladenine and
chloroquine administration indicated involvement of autophagy. Conclusion: Treatment
with 3-methyladenine and chloroquine may improve the symptoms related with
Huntington’s disease by preventing 3-nitropropionic acid-induced neurodegeneration
possibly by inhibiting autophagy.
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autosomal-dominant inherited disorder in  current treatment of HD patients involves

which neuro-degeneration occurs in the tetrabenazine, amantadine clonazepam and
olanzapine for motor improvements.*

However, the major limitation of the

striatal region progressively over time, and
is characterized by cognitive and motor

impairment.! The motor impairment current treatment is that it provides only  Email-amteshwarjaggi@
includes imbalance, unexplained falls, symptomatic relief to the patients® and Yanoo-con
hyperkinetic movements followed by there is a need to identify new treatment

hypokinesia, deterioration of gait and fine
muscle movements causing difficulty in
swallowing, which leads to decrease in body
weight? Cognitive impairment displays
as difficulty in learning new things,

performing several things simultaneously

strategies for the management of the disease.
Autophagy is a highly regulated cellular
process, which degrades faulty proteins and
worn out organelles to recycle the resulting
components.” Under basal conditions,
cellular autophagy is generally low and
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serves housekeeping function to maintain normal
homoeostasis.® Apart from the physiological role of
autophagy, studies have also shown its involvement
in the pathogenesis of different diseases. Although
there have been studies showing the beneficial effects
of autophagy in neurodegenerative diseases,® yet
excessive activation of autophagy has been documented
to produce deleterious effects due to induction of
apoptosis and degradation of essential proteins of the
cel.""B A distinct role of autophagy has been identified
to be a maladaptive response to hemodynamic stress on
myocytes which accentuates pathological remodeling.”
Excessive activation of autophagy is shown to induce
neuronal death in ischemia-reperfusion induced injury
in the PCI12 cells and hippocampus region of rats.!>'
More studies have shown that activation of autophagy
may induce neurodegeneration® and neuronal cell
death.”

Moreover, it has been shown that 3-nitropropionic
acid, a well-documented chemical inducer of
Huntington’s  disease,
degeneration by promoting mitochondrial damage and
activating autophagy. Indeed, 3-nitropropionic acid
is a mitochondrial toxin, which deprives the neurons
of energy and induces autophagy to produce neuro-

induces striatal neuronal

chemical and histological changes corresponding to
that in the Huntington’s disease.’*?° Therefore, it is
possible that autophagic inhibition may overcome
the behavioral, cognitive decline and neuronal injury
induced by 3-nitropropionic acid. Therefore, the
present study aims to investigate the ameliorative
effects of autophagic inhibitors, 3-methyladenine and
chloroquine on 3-nitropropionic-induced Huntington’s
disease like symptoms in mice.

MATERIALS AND METHODS

Experimental animals

Swiss albino mice (CRI, Kasauli, India) of either sex
weighing 20-25 g, maintained at standard laboratory
diet (Ashirwad Feeds Ltd., Kharar, India) with free access
to tap water, were employed in the study. Mice were
accommodated in the animal house of the department
and were exposed to normal light and dark cycle.
The experimental studies were blinded for allocation
of animals, treatment and data analysis. Institutional
Animal Ethics Committee (107/GO/ReBi/S/99/
CPCSEA/2018-05) duly approved the experimental
protocol and the animals were taken care of as per the
guidelines by Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA),
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Ministry of Environment and Forest, Government of
India (Reg. No. 107/1999/CPCSEA).

Drugs and chemicals

3-Nitropropionic acid (Sigma Aldrich, USA), 3-methyl-
adenine (Sigma Aldrich, USA) and chloroquine phos-
phate (Ipca Laboratories Ltd. Mumbai) were dissolved
in normal saline. All the chemicals and analytical
grade reagents were employed in this study. The doses
of 3-nitropropionic acid,”** 3-methyladenine*** and
chloroquine phosphate?®?” were selected on the basis of
previously published studies.

Acclimatization of the animals

The experimental animals were acclimatized to the test
apparatus and the laboratory 3 days prior to beginning
the experimental protocol.

Induction of Huntington’s disease

The animals were administered 3-nitropropionic acid
(50 mg/kg, 7p.) twice daily for 5 days to induce the
symptoms pertaining to Huntington’s disease in
mice 222128

Behavioral examination

The base line readings for the behavioral tests and
body weight were recorded on day 0 i.e., before the
first 3-nitropropionic acid injection on day 1. The
behavioral test readings and body weight were recorded
on the 3" day before injection and on the 6" day.

Grip strength (Rota rod test)

Rota-rod test was employed to assess the grip strength
of the animals. The time for which the mice stay on
the rotating rod of the apparatus is considered as the
marker of their grip strength. The fall off latency of the
animals was used as an index of grip strength. The cut
off period was set at 300 seconds.”

Motor coordination and balance (Beam walking test)

This test was used for assessing the motor coordination
and balance in the animals. The animals were made to
walk on an elevated narrow path. The time taken to
cross the path and the number of foot slips were noted.
The cut off time for the animals to traverse across the
beam was 60 seconds.”

Motor activity (Lateral push test)

The motor activity and grip strength of the animals
was assessed using lateral push test. The response of the
animals to the push stimuli applied laterally on either
of the shoulders was assessed.”’ For the purpose of
having a firm grip, the animals were placed on a rough
platform. The mice were scored from 0-3 depending on
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the resistance shown by the mice, with 0 representing
no injury and 3 representing the maximal injury.*

Mobility behavior in a modified Open field test

The open field test was employed for the assessment of
animal mobility over a period of five minutes. Immo-
bility is one of the characteristic features of Huntington’s
disease. The immobility period of the animals was
recorded with the cut off period of five minutes.*

Memory evaluation (Object recognition test)

Object recognition is one of the commonly employed
memory test.***® The object recognition test was
performed in the same arena as for open field test. The
animals were subjected to three sessions 1.e., habituation
session on day 4, familiarization session 24 hr after
habituation session i.e., on day 5 and test session was
performed 24 hr after the familiarization session on
day 6. During the habituation session, the animals
were left in the arena to explore it for a duration of
5 min. During the familiarization session, two objects
were introduced in the arena and the animals were
allowed to explore them for a period of 5 min. After
24 hr, during the test session one of the objects in the
arena was substituted with a new object. The animals
were again allowed to explore the objects for 5 min.
Discrimination index was determined by noting the
difference between the time spent by the animal in
exploring the new and the familiar object.**

Discrimination index = (T -T, . )/

% 100%

( Novel + Familiar)

Isolation of brain

On the 6% day after completion of the behavioral tests,
the animals were sacrificed by cervical dislocation and the
brains were carefully removed. The two hemispheres of
the brains were separated and one-half of each brain was
used for histopathological studies (discussed below) and
the other half was used for carrying out the biochemical
estimation (discussed below). The halves of the brains
used for the histopathological studies were preserved
in 10% buffered formalin solution at 4°C. The other
halves of the brains used for biochemical estimation
were homogenized in freshly prepared phosphate buffer
(pH=7.4) and centrifuged at 654.03 g (3000rpm) for
15 min to obtain the supernatant. The biochemical
estimation was performed using the supernatant.

Biochemical estimation

Estimation of LC3II levels

The LC3II levels in the brain homogenate were estimated
using ELISA for assessing the extent of autophagy in
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the brain.* The instructions provided by the ELISA kit
manufacturer were used for carrying out the assay.

Histopathological studies

Nissl staining (cresyl violet staining)

Extent of atrophy in the striatal regions of the brains
was estimated by staining them with cresyl violet dye.?”-**

Hematoxylin and eosin staining (H&E)

Hematoxylin and eosin staining gives an estimate of
the extent of neuronal loss in the striatal area of the
brain which is most prone to damage in HD.?**

Immunohistochemistry
Neuron specific enolase (NSE)

NSE, a glycolytin enzyme present in the neuronal tissue
is an efficient marker of neuronal injury and neuronal
cell death.” The samples of the brain were sent to
‘Vallabhbhai Patel Chest Institute, New Delhi’.

Caspase 3

Caspases are one of the important proteolytic enzymes
which play a key role in apoptosis.* The extent
of apoptosis in the brain samples was assessed by
estimating the activity of caspase 3.*!

Experimental protocol

Forty-two Swiss mice were equally distributed amongst
seven groups for the present study.

Group I: Normal Control

The animals in this group were not treated with any
of the drugs used in this study. Mice were evaluated
for behavioral parameters and their body weight was
recorded on day 0, day 3 and 6. The object recognition
test was carried on day 4, 5 and 6 as described above. On
6™ day the animals were sacrificed and the brains were
removed for biochemical and histopathology testing.

Group II: HD control

3-Nitropropionic acid (50 mg/kg, zp.) was administered
to the animals twice daily for 5 days. The behavioral,
biochemical and histopathology testing were performed
as mentioned in group L

Group lll: Choloroquine phosphate treatment (25 mg/kg,
i.p.) in HD

The animals were treated with chloroquine phosphate
(25 mg/kg, 7.p.) daily 30 min before each 3-nitropropionic
acid administration. The same protocol was followed
for testing of behavioral parameters, histopathology
and biochemical testing as mentioned in group L.
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Group 1IV: Chloroquine phosphate treatment (50
mg/kg, i.p.) in HD

Over the period of 5 days, the animals were treated with
chloroquine phosphate (50 mg/kg, ip.) daily 30 min
before each 3-nitropropionic acid administration. The
same protocol was followed for testing of behavioral
parameters, histopathology and biochemical testing as
mentioned in group L

Group V: 3-methyl adenine treatment (15 mg/kg, i.p.)
in HD

Over the period of 5 days, the animals were treated
with 3-methyl adenine (15 mg/kg, 7p.) daily 30 min
before each 3-nitropropionic acid administration. The
same protocol was followed for testing of behavioral
parameters, histopathology and biochemical testing as
mentioned in group L.

Group VI: 3-methyl adenine treatment (30 mg/kg, i.p.)
in HD

Over the period of 5 days, the animals were treated
with 3-methyl adenine (30 mg/kg, 7p.) daily 30 min
before each 3-nitropropionic acid administration. The
same protocol was followed for testing of behavioral
parameters, histopathology and biochemical testing as
mentioned in group L

Group VII: Chloroquine phosphate (50 mg/kg, i.p.)
per se

The animals in this group were treated with chloroquine
phosphate (50 mg/kg, 7p.) twice daily for five days. The
same protocol was followed for testing of behavioral
parameters, histopathology and biochemical testing as
mentioned in group L

Group VIiI: 3-methyladenine (30 mg/kg, i.p.) per se

The animals in this group were treated with
3-methyladenine (30 mg/kg, 7p.) twice daily for five
days. The same protocol was followed for testing of
behavioral parameters, histopathology and biochemical
testing as mentioned in group L.

Statistical analysis

The results obtained were expressed as mean * S.D.
The data obtained from behavioral tests was analyzed
statistically by two-way analysis of variance (ANOVA)
followed by Tukey’s multiple comparison test. One-
way ANOVA was used for statistical analysis of data
obtained from biochemical tests followed by Tukey’s
multiple comparison test. Statistical analysis was
performed using Graph Pad Prism version 8.0 software.
The p value <0.05 was considered to be statistically
significant.
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RESULTS

Effect of pharmacological interventions on the motor
functions in 3-nitropropionic acid administered mice
Administration of 3-nitropropionic acid (50 mg/kg,
2.p.) twice daily for five days significantly impaired the
motor functions in mice assessed on 3 and 6" day
of 3-nitropropionic acid administration in comparison
to day 0. 3-Nitropropionic acid led to significant
impairment in the grip strength of the animals assessed
using rota rod test (Figure 2a); increase in the number
of foot slips (Figure 1a) and time taken to cross the
beam (Figure 1b) assessed using beam walking test;
increase in the immobility time in the open field test
(Figure 3a); and decrease in the resistance to the lateral
push test (Figure 2b). The motor impairment was more
significant on 6" day in comparison to the 3" day of
3-nitropropionic acid administration.

Treatment with 3-MA (15 and 30 mg/kg, zp.) for
five days before each 3-nitropropionic acid injection
significantly attenuated 3-nitropropionic acid induced
impairment of motor functions in a dose-dependent
manner assessed on 3 and 6" day and chloroquine
phosphate (50 mg/kg, 7p.) treatment also improved the
motor functions in 3-nitropropionic acid administered

Foot Slips

Figure. la

Number of foot slips

Day 6
10

70

Time taken to cross the beam Figure. 1b

60 -
50 A
40 4

30

Time taken to cross tthe beam (sec)

Day 0

Day 3 Day 6

= HD control
m 3-Methyladenine (30 mg/kg) in HD
® Chloroquine phosphate (50 mg/kg) in HD

m Normal control
# 3-Methyladenine (15 mg/kg) in HD
m Chloroquine phosphate (25 mg/kg) in HD

Figure 1: Effect of the pharmacological interventions on the
motor coordination and balance (Figure 1a). Time taken to
cross the beam (Figure 1b). a=P<0.0001 as compared to
normal control; b=P<0.0001 as compared to HD con-
trol; c=P<0.05 as compared to 3-methyladenine (15 mg/
kg); d=P<0.0001 as compared to chloroquine phosphate
(25 mg/kg). 1a) [F(2,90)=783.1] for the time factor and
[F(5,90)=495.2] for treatment factor; 1b) [F(2,90)=749.8] for the
time factor and [F(5,90)=426.3] for treatment factor.
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330 Rota Rod Test

Figure. 2a

Fall off latency (sec)
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® 3-Methyladenine (15 mg/kg) in HD
u Chloroquine phosphate (25 mg/kg) in HD

Figure 2: Effect of the pharmacological interventions on the
grip strength of the animals using rotarod test (Figure 2a) and
motor activity of the animals in terms of resistance to the
lateral push (Figure 2b) a=P<0.0001 compared to normal
control; b=P<0.0001 compared to HD control; ¢=P<0.0001
compared to 3-methyladenine (15 mg/kg); d=P<0.0001
compared to chloroquine phosphate (25 mg/kg). 2a)
[F(2,90)=7334] for the time factor and [F(5,90)=2618] for the
treatment factor; 2b) [F(2,90)=29285] for the time factor and
[F(5,90)=17499] for the treatment factor.

animals on 3" and 6" day, while the significant effects
of chloroquine phosphate (25 mg/kg, 7.p.) were observed
only on 6% day of its administration. Moreover,
the beneficial effects of 3-MA were relatively more
pronounced in 3-nitropropionic acid administered
mice comparison to CQ (Figures 1a, 1b, 2a, 2b, 3a).

Effect of pharmacological interventions on the memory
in 3-nitropropionic acid administered mice

The ability to distinguish between the novel and
familiar object as an index of memory was significantly
decreased in 3-nitropropionic acid administered mice
in terms of decrease in discrimination index assessed
on the 6" day in the object recognition test. In other
words, the discrimination index was significantly
decreased in 3-nitropropionic acid injected mice in
comparison to normal control animals (Figure 3b).
Treatment with 3-MA (15 and 30 mg/kg, 7p.) before
each 3-nitropropionic acid administration for five
days showed a dose-dependent improvement in the
cognition of the animals in terms of increase in the
discrimination index assessed on 6" day. Chloroquine
phosphate (25 and 50 mg/kg, 7ip.) also elicited an
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Figure. 3a
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Figure 3: Effect of pharmacological interventions on motor
functions of animals in terms of immobility time using open-
field test (Figure 3a) b) cognition of the animals using object
recognition test. Values were expressed as mean+S.D. (n=6)
and data were analyzed by Two-way ANOVA (Figure 3a) and
One-way ANOVA (Figure 3b), a=P<0.0001 compared to normal
control; b=P<0.0001 compared to HD control; c=P<0.0001 com-
pared to 3-MA (15 mg/kg); d=P<0.0001 compared to CQ (25 mg/
kg). 3a) [F(2,90)=6599] for the time factor and [F(5,90)=4177] for
the treatment factor; 3b) [F(5,30)=57] for the treatment factor.

improvement in the cognitive ability of HD animals
in a dose-dependent fashion. However, the effect was
more significant with 3-MA treatment in comparison
with chloroquine phosphate treatment (Figure 3b).

Effect of pharmacological interventions on the levels of
LC3Il, a marker of autophagy

Administration of 3-nitropropionic acid (50 mg/kg,
p.) twice daily for five days significantly increased
the levels of LC3II in the brain samples of mice in
comparison to the normal control. Treatment with
3-methyladenine (15 and 30 mg/kg, zp.) elicited a
significant dose-dependent decline in LC3II levels.
However, chloroquine phosphate (25 and 50 mg/kg,
..p.) treatment significantly increased the levels of LC3II
(Figure 4).
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Figure 4: Effect of pharmacological modulators on the levels
of LC3Il Values were expressed as mean=S.D. (n=6) and data
were statistically analyzed by One-way ANOVA followed by
post-hoc analysis using Tukey’s Multiple Comparison test,
a=P<0.0001 as compared to normal control; b=P<0.0001 as
compared to HD control; c=P<0.0001 as compared to 3-methy-
ladenine (15 mg/kg); d=P<0.0001 as compared to chloroquine
phosphate (25 mg/kg). [F(5,30)=4924] for the treatment factor.

Effect of pharmacological interventions on the body
weight in 3-nitropropionic acid administered mice

There was an increase in the weight gain in the
normal mice over a period of six days. However,
there was a significant decrease in the body weight in
3-nitropropionic acid administered mice as observed
on 3 and 6" day. Treatment with 3-MA (15 and
30 mg/kg, ip.) significantly improved the body
weight in 3-nitropropionic acid administered mice,
whereas, treatment with chloroquine phosphate (25
and 50 mg/kg, 7p.) prevented 3-nitropropionic acid
induced loss in body weight on 3" and 6% day.

Effect of pharmacological interventions on neuronal loss
and brain atrophy in brain samples of 3-nitropropionic
acid administered mice

H and E staining also showed a significant increase
in the percentage loss of neurons in the brain samples
of 3-nitropropionic acid administered mice. Treatment
with 3-MA (15 and 30 mg/kg, 7p.) and chloroquine
phosphate (25 and 50 mg/kg, i.p.) significantly
increased the number of positively stained neurons.
However, 3-MA treatment prevented 3-nitropropionic
acid induced neuronal loss much more efficiently in
comparison with chloroquine phosphate treatment
(Figure 5).

Nissl staining performed on the brain samples of the
mice administered with 3-nitropropionic acid showed
a decrease in the amount of Nissl substance and
number of neurons, particularly in the striatal region.
However, in the brain sections of animals treated with
3-MA (15 and 30 mg/kg, 7p.) showed an improvement
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Normal control (400x)
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V] 132

“HD+Chloroquine phosphate (50 mg/kg) (400x)

Figure 5: Effect of pharmacological modulators on the extent
of neuronal loss assessed using Hematoxylin and eosin stain-
ing (400x). Arrow: Normal neurons.

in the amount of Nissl substance and increase in the
number of viable neurons. Treatment with chloroquine
phosphate (25 and 50 mg/kg, 7.,5.) also prevented the loss
of Nissl bodies and neuronal cells in 3-nitropropionic
acid administered mice (Figure 6).

Effect of the pharmacological interventions on
NSE and caspase 3 activity in the brain samples of
3-nitropropionic acid administered mice

Immunohistochemistry of the brain samples of
3-nitropropionic acid administered mice showed a
marked increase in the NSE expression in comparison
to normal control, in which only occasional neurons
showed NSE expression. Treatment with 3-MA (15 and
30 mg/kg, ip.) and chloroquine phosphate (50 mg/kg,
.p.) before each 3-nitropropionic acid administration
for five days significantly decreased the NSE expression
in the brain samples. The effects of 3-MA were more
pronounced in comparison to chloroquine phosphate
treatment (Figure 7).

Similarly, brain samples of 3-nitropropionic acid
treated mice showed a significantly increased number
of neurons which stained positive for caspase 3 in
comparison to normal control group in which only
occasional neurons stained positive for caspase 3.
Five days treatment with 3-MA (15 and 30 mg/kg, 7.p.)
and chloroquine phosphate (50 mg/kg, 7p.) produced
a significant decline in the caspase 3 activity as the
brains samples of these groups showed less number of
neurons positively stained for caspase 3 (Figure 8).

Effect of pharmacological interventions in the normal
animals and vehicle administration in 3-nitropropionic
acid induced HD animals

Per se administration of chloroquine phosphate (50
mg/kg, ip.) and 3-methyladenine (30 mg/kg, ip.) did
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Group Low power (100x) h power (400x) 6

Normal control
HD + 3-methyl adenine (30

HD control
HD + Chloroquine phosphate (50

Figure 6: Effect of pharmacological modulators on the extent of neuronal atrophy assessed using Nissl staining
(100x and 400x). Arrow: Normal neurons.

mg/kg)

Normal control
HD + 3-methyl adenine (30

HD control

HD + Chloroquine phosphate (50
mg/kg)

Figure 7: Effect of pharmacological modulators on neuronal inflammation assessed using NSE immunohistochemistry
(100x and 400x). Arrow: Normal neurons.

Group High power (400x)

Normal Control
HD + 3-methyl adenine (30

HD Control
HD + chloroquine phosphate (50

Figure 8: Effect of pharmacological modulators on the extent of apoptosis assessed by caspase 3 activity using
immunohistochemistry (100x and 400x). Arrow: Normal neurons.
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not significantly affect the body weight, behavioral
parameters, biochemical and histopathological
parameters of the normal animals. Moreover, treatment
with vehicle in 3-nitropropionic acid administered
mice did not significantly affect the body weight,
behavior of the animals, the biochemical and the
histopathological parameters. There were no drop-outs
or animal mortalities observed in any experimental
group of our study.

DISCUSSION

In this study, 3-nitropropionic acid administration
at the dose of 50 mg/kg 7p., twice daily for five days
significantly impaired the motor abilities of mice, in
terms of decrease in grip strength, development of
motor in-coordination and imbalance, decrease in
motor activity, and development of immobility assessed
using rota rod, beam walking, lateral push and open
field tests, respectively. Moreover, 3-nitropropionic
acid also led to significant decline in the cognitive
ability in mice assessed in terms of decrease in the
discrimination index in the object recognition test.
In the present study, the object recognition test was
used to assess memory instead of maze tests because the
evaluation of memory in the maze tests dependent on
the presence of the intact motor activity in animals. In
the presence of motor impairment, such in this study,
the maze tests may not give a true representation of
memory.”? In contrast, objective recognition test is
independent of motor movements; therefore, this
test may be more useful to assess memory in animals
with motor impairment.” The impairment in motor
activities and cognition are the core features of
Huntington’s disease® and the observed changes in
the motor impairment along with decline in memory
in response to 3-nitropropionic acid administration
in mice may possibly represent the features of HD
patients. Amongst the chemical models of HD in
animals, 3-nitropropionic acid has been the most
widely used to mimic the clinical symptoms of HD
in experimental animals.?*>®® Interestingly, the chorea
and dance-like features of HD observed in humans are
not observed in models of HD in rodents.** Therefore,
apart from for the mild trembling, the typical chorea-
like movements were not observed in this study.
Nevertheless, the observed changes in the motor
deterioration and cognitive decline in the past study
with 3-nitropropionic acid administration have also
been reported in other various studies.?!?%?

The development of motor impairment in HD patients
is secondary to neuronal loss in the basal ganglia, the
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brain region responsible for fine tuning of the motor
movements.? In present study also, administration of
3-nitropropionic acid led to significant neuronal injury
and there was a severe loss of neurons in the basal
ganglia of the brain assessed in the histopathological
studies using hematoxylin and eosin staining along
with Nissl staining. The neurons positively stained for
hematoxylin and eosin and Nissl were significantly
reduced. The hematoxylin and eosin staining is
primarily employed to assess the neuronal loss, while
Nissl staining is used for the assessment of the extent of
atrophy.*”* Moreover, neuron specific enolase (NSE)
staining of the brain samples of 3-nitropropionic acid
administered animals showed an increase in the number
of NSE expressing neurons suggesting the increase
in the neuronal injury. NSE has been employed as a
reliable marker of neuro-inflammation and neuronal
injury.*® The caspase-3 activity was also assessed using
immunohistochemistry for the estimation of extent
of apoptosis in the brain. Caspases are the proteolytic
enzymes which are important role in the digestion of
faulty proteins and organelles during the apoptosis
process.”’ The administration of 3-nitropropionic
acid resulted in increased number of neurons stained
showing caspase-3 activity in comparison with the
normal control.

Treatment with 3-methyladenine (15 and 30 mg/kg, 7p.)
significantly improved the motor deficits in
3-nitropropionic acid administered mice in terms
of improvement in the grip strength, decrease in
the immobility, motor activity, motor coordination
and balance. The dose-dependent improvement in
the motor ability was observed on both 3* and 6%
day of 3-methyladenine injection. 3-Methyladenine
treatment also attenuated 3-nitropropionic acid-
induced cognitive decline assessed on 6% day in the
object discrimination test. Moreover, there was a
significant decrease in the neuronal loss, neuronal
atrophy, neuro-inflammation and apoptosis in the
brain samples of 3-methyadenine treated mice assessed
using histopathology and immunohistochemistry.
3-Methyladenine is a widely employed autophagy
inhibitor in the experimental studies*?* and it
inhibits the initial steps of autophagy by preventing
the localization of autophagy proteins to the pre-
autophagosomal membrane. Eventually, it results in the
decrease in the formation of autophagosome and thus,
autophagy fails to execute its functions.* Accordingly,
it may be hypothesized that 3-methyladenine-mediated
improvement in the motor and cognitive functions in
3-nitropropionic acid administered animals may be
possibly due to inhibition of autophagy. Autophagy is
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a physiological process to remove the faulty/degraded
proteins from the cells;” however, excessive activation
of autophagy during pathological conditions may
also produce deleterious effects due to induction of
apoptosis and degradation of essential proteins of the
cellL"B Accordingly, autophagy inhibitors including
3-methyladenine have been reported to produce
beneficial effects in different disease states.”*® The
role of autophagy in the present study was delineated
by assessing the alterations in the levels of a specific
marker of autophagy, LC3II. In 3-nitropropionic acid
administered mice, there was a significant rise in the
levels of LC3II in the brain indicating the activation
of autophagy. The administration of 3-nitropropionic
acid, a mitochondrial toxin, predisposes the neurons
to autophagy.**

Moreover, the beneficial effects of 3-methyladenine
on the motor functions, cognition and neuronal
preservation were accompanied by a marked
reduction in the levels of autophagy marker, LC3II.
Accordingly, it may be proposed that 3-methyadenine-
mediated inhibition of autophagy may have prevented
3-nitropropionic acid-induced neuronal injury and the
development of subsequent deleterious effects on the
motor and cognition functions.

To further explore the effect of pharmacological
modulation of autophagy in 3-nitropropionic acid
model, another widely used autophagy inhibitor,
chloroquine, was employed in this study. Chloroquine
acts on the later stages of autophagy’*? and inhibits
autophagy by inhibiting the fusion of autophagosme
and lysosome.”® Like 3-methyadenine, treatment with
chloroquine phosphate (50 mg/kg, 7p.) also prevented
3-nitropropionic acid-induced motor and cognitive
deterioration on the 3™ and 6% day of treatment. The
effects of chloroquine on the neuronal loss, brain
atrophy, neuro-inflammation, and apoptosis were
consistent with the neuroprotective effects produced
by 3-methyladenine treatment in 3-nitropropionic acid
administered mice. Nevertheless, the neuroprotective
effects of 3-methlyadenine were relatively more
prominent than chloroquine. It is interesting to know
that the levels of autophagy marker, LC3II depends
on the stage of autophagy. Indeed, it is a microtubule
associated protein and is closely associated with the
autophagosome formation.** Therefore, the autophagy
inhibitors which inhibit the early stage of autophagy,
such as 3-methladenine decrease the levels of LC3II
because of inhibition of autophagosome formation.”
On the other hand, the drugs that inhibit autophagy
at the later stage i.e. after formation of autophagosome
such as chloroquine increases the levels of LC3II*
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Accordingly, in the present study the observed rise in the
levels of LC3II due to the treatment with chloroquine
phosphate may be possibly due to inhibition of
autophagy after the formation of autophagosome,
which is consistent with earlier reported studies.® To
best of our knowledge, it is the first study depicting
the beneficial effects of pharmacological inhibitors
of autophagy, 3-methyladenine and chloroquine in
3-nitropropionic acid model of HD in mice.

CONCLUSION

Treatment with 3-methyladenine and chloroquine
may improve the symptoms related with Huntington’s
disease by preventing 3-nitropropionic acid-induced
neurodegeneration possibly by inhibiting autophagy.
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