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Aim: The present study investigates synergistic effect of combination treatment of lycopene, quercetin and
poloxamer188 in 3-nitropropionic acid (3-NP)-induced Huntington’s disease (HD). Materials and Methods:
Anxiety and depression were induced in male Wistar rat by intra-peritoneal administration of 3-NP (10 mg/kg) for
14 days. Body weight was assessed on day 1, 7 and 14, whereas locomotion, anxiety and depression
were assessed at the end of the experiment. Results: Administration of 3-NP induces HD like symptoms
and produced a significant decrease in body weight on day 7 (P < 0.01)and day 14 (P < 0.001), further
decreased locomation, time spent and number of entries in light area as well as increased immobility period
were observed. The rats treated with lycopene and quercetin alone significantly restore the body weight and
locomotion count as well as alleviate anxiety and depression. However, combination treatment of lycopene
and quercetin with and without poloxamer 188 produced more significant effect on body weight compared to
Huntington control rats, but no significant effect was found between the treated groups. However, significant
increased on locomation, time spent and number of entries in light area and decreased immobility period was
observed in the combination treated groups when compared to single drug therapy. Conclusion: Combination
treatment of lycopene and quercetin with and without poloxamer 188 in HD more effectively alleviate anxiety
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INTRODUCTION

Huntington’s disease (HD) is a neurodegenerative disorder
characterized by progressive motor dysfunction, chorea,
dystonia, emotional disturbances, memory and weight loss
[1]. Today about 5-7 people/100,000 are affected by HD
and in India pervasiveness of HD is somewhat higher [2].
Incidence of juvenile HD is in between 1% and 9.6% [3].
The symptoms of HD usually develop at the age of 30-50
and severity increases with age [4]. HD is caused by a CAG
polyglutamine expansion, which is more than 35, produced
malformed Huntington protein, results death of nerve cell in
the basal ganglion [5-8]. The malformed protein also affects
cellular pathways and hippocampal neurogenesis involved in
mood disorders leads to depression and anxiety [9]. In caudate,
putamen, and cingulate low glucose metabolism in HD results
in dysfunctioning of paralimbic frontal lobes and basal ganglia
due to energy impairment. This leads to depression as they are
responsible for normal mood regulation [10].
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7 (3-NP) is a well-versed experimental model to study HD
in various animal models [11]. It produces mitochondrial
dysfunction, oxidative stress and inhibits mitochondrial
Complex Il enzyme results in neuronal cell death due to energy
impairment and apoptosis [12-14]. Further 3-NP increases the
production of nitric oxide and depresses the spinal reflexes in a
time-dependent manner that leads to depression [15]. Increased
oxidative stress causes striatal damage and produce anxiety [16].

Currently, no treatment is available for HD, though
some symptoms can be managed with medication such
as antidepressant, antipsychotic and therapies such as
physiotherapy and occupational therapy. Flavonoids (or
bioflavonoid) are a class of plant secondary metabolites
reported as antioxidant, anti-allergic, anti-cancer, antioxidant,
anti-inflammatory and anti-viral [17]. Carotenoids are
organic pigments found in the chloroplasts of bacteria and
fungi. It decreases the risk of disease particularly certain
cancers and eye disease due to its antioxidant potential [18].
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Several studies reported synergistic effect of bioflavonoid
and carotenoids combinations [19]. Further, lycopene and
quercetin in combination with tyrosol were proved synergistic
effect in the prevention of macrophage activation [20]. The
treatment with lycopene significantly improved memory
and restored glutathione system functioning and hence
lycopene could be used to manage 3-NP induced behavioral
and biochemical alterations [21]. Quercetin improved
mitochondrial dysfunctions and antioxidant status and also
ameliorate behavioral deficits along with histopathological
changes [22]. Poloxamer 18§, which is a polymer has ability to
repair damaged cell membranes by increasing the lipid packing
density as it provides mechanical sealing to neurons [23].

Therefore the present study designed to investigates synergistic
effect of combinatorial treatment of lycopene, quercetin and
poloxamer 188 on anxiety and depression in 3-NP-induced HD
in Wistar rats.

MATERIALS AND METHODS

Drugs and Chemical

Lycopene was obtained as a gift sample from Zedip formulation
(Ahemdabad, India). Quercetin and poloxamer 188 were
procured from Research Lab Fine Chem. Industries (Mumbai,
India). 3-NP was purchased from Sigma Aldrich (USA). All other
reagents and chemicals were of analytical grade and purchased
from local suppliers of Pune.

Animals

Male Wistar rats (200-250 g) were procured from National
Institute of Biosciences, Pune. Rats were randomly placed
separately in polypropylene cages with paddy husk as bedding.
They were housed in environmentally controlled conditions
(24 = 2°C, 12 h light/12 h dark cycle), with free access to
the standard diet (Nutrivet Lab., Pune) ad libitum. All the
experimental procedures and protocols used in this study were
reviewed and approved (SCOP/Institutional Animal Ethics
Committee [IAEC]/2013/14/155) by the IAEC of Sinhgad
College of Pharmacy, Pune, constituted under Committee
for Purpose of Control and Supervision of Experiments on
Animals by Ministry of Environment and Forests, Government
of India, New Delhi, India. Ethical guidelines were strictly
followed during all the experimental procedures. All efforts
were made to minimize animal suffering and reduce the
number of animals used.

Experimental Design

After 1 week of acclimatization, male Wistar rats were randomly
divided into six groups (n = 6) and received treatment for
14 days. Group I served as control, received vehicle 1% gum
acacia (w/v), Group Il rats were injected with 3-NP served
as Huntington control (HC), Group II-VI were injected
with 3-NP and concomitantly treated orally with lycopene
(25 mg/kg), quercetin (50 mg/kg), lycopene (25 mg/kg) and
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quercetin (50 mg/kg), and lycopene (25 mg/kg), quercetin
(50 mg/kg) and poloxamer 188 (80 mg/kg) respectively. 3-NP
was freshly prepared using distilled water and administered
at a dose of 10 mg/kg body weight for 14 days. The lycopene,
quercetin and poloxamer 188 were administered as a
suspension prepared in 1% gum acacia (w/v) for 14 days. The
behavioral observations were taken in between 9:00 A.M. and

11:00 A.M.
Evaluation of Body Weight

As the disease progresses swallowing become more difficult
thereby decreased intake of calories results in body weight loss.
Body weight was measured on 1 (before treatment), 7%, and
14" day post 3-NP administration using electronic weighing
balance (Contech, C7-6K1)[24].

Evaluation of Locomotor Activity

As HD progresses, impairment in motor functions alters
muscular movements and reduces the locomotor activity.
Animals were placed in actophotometer where beam of light falls
on photoelectric cells, and basal activity score was recorded over
the period of 5 min that is recorded as no. of beams cut during
locomotions [25].

Light and Dark Model

Neuropsychiatric problems are common in HD. Light-dark
box is a potent and useful method for screening and detecting
anxiolytics activity of a wide range of compounds with various
modes of action. The instrument consists of 2 parts, 1/3 with
opaque walls and covered (dark compartment), whereas the
remaining 2/3 was open and illuminated (light compartment).
The door between the two compartments permits rats to move
from one side to another. Each rat was released in the light
compartment and observed for 5 min. Time spent in light
and dark compartment, and no. of entries in light, and dark
compartment were recorded [26,27].

Forced Swim Test

Forced swim test is the most commonly used for assessment
of depression in animal models. Rats were forced to swim in a
cylinder from which they cannot escape. The water was deep
enough, so the animal could not touch the bottom with its
tail or fect. A depth of 30 cm is commonly recommended with
temperature 24-30°C. Animals were observed continuously for
5 min during the swim test, and duration and time of immobility
were measured. Any animal that sinks below the surface was
removed from the water immediately [28,29].

Statistical Analysis
All the values are expressed as mean = standard error of the
mean (n = 6). The data were analyzed using one-way analysis of

variance, followed by Tukey’s multiple comparison tests. P < 0.05
were considered the minimum level of significance.
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RESULTS
Body Weight

Intra-peritoneal administration of 3-NP for 14 days
showed significant decrease in the body weight in HC
rats when compared with control rats at day 7 and day
14 (13.24%, P < 0.05 and 26.37%, P < 0.001; respectively).
Lycopene (25 mg/kg) and quercetin (50 mg/kg) as well as their
combination with and without poloxamer 18§ treatments in
rats could not produce significant restoration in body weight
on day 7. However, on 14" day significant restoration in
the body weight was observed in rats treated with lycopene
(23.16%) and quercetin (26.10%) when compared with
HC rats (P < 0.05 and P < 0.05; respectively). Further,
combination treatment of lycopene (25 mg/kg) and quercetin
(50 mg/kg) with and without poloxamer 188 found to produce
more significant restoration in the body weight compared with
HC rats (29.68%; P < 0.01 and 32.88%; P < 0.01; respectively).
However, no significant difference was found between the
drug-treated groups [Table 1].

Locomotor Activity

Significant decrease in the number of locomotions was
observed in 3-NP treated HC rats when compared with control
rats (P < 0.001). Rats treated with quercetin (50 mg/kg) along
with 3-NP restored the number of locomotion compared
with HC rats (P < 0.01). Further, combination treatment
of lycopene (25 mg/kg) and quercetin (50 mg/kg) with
and without poloxamerl88 more significantly restored the
number of locomotions as compared to HC rats (P < 0.001
and P < 0.001; respectively). Rats treated with lycopene
(25 mg/kg) could not produce significant change in the
locomotion counts. However, rats treated with lycopene and
quercetin with or without poloxamer showed a significant
increase in locomotion count when compared with lycopene
(25 mg/kg) treated rats (P < 0.05 and P < 0.01; respectively)
[Figure 1].

Table 1: Effect of combination treatment of lycopene,
quercetin and poloxamer 188 on body weight

Group Body weight (g)
Day 1 Day 7 Day 14
Control 223.30+6.82 237.80x7.70 254.20+7.49
HC (10) [%] 230.35*6.31 206.30+3.23? 187.15+6.77¢
[13.24] [26.37]
L (25) (%) 233.05*5.61 235.37+8.95 230.50+9.75*
(14.09) (23.16)
Q (50) (%) 234.80*6.11 225.80+5.37 236.00+10.82*
(9.45) (26.10)
L (25)+Q (50) 228.58*4.61 231.80+9.31 242.70+12.47*
(%) (12.36) (29.68)
L (25)+Q (50)+ 232.47+4.81 227.70+5.93 248.70+7.56@
P 188 (80) (%) (10.37) (32.88)

2p<0.05 and °P<0.001 versus control rats. *P<0.05, #P<0.01 and
@P<0.001 versus HC rats. Values in parenthesis [ ] indicates percentage
| in comparison with control rats. Values in parenthesis () indicates
percentage 1 in comparison with HC rats. HC: Huntington control,

L: Lycopene, Q: Quercetin, P 188: Poloxamer-188
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Light and Dark Model

Significantly decreased duration of time spent in light area
and increased in the dark area was observed in HC rats
injected with 3-NP for 14 days when compared with control
rats (P < 0.001 and P < 0.001; respectively). Rats treated
with lycopene and quercetin alone along with 3-NP increased
the duration of time spent in light area (P < 0.001 and
P < 0.01; respectively) and decreased in dark area (P < 0.001
and P < 0.001; respectively) when compared with HC rats.
Further, combination treatment of lycopene (25 mg/kg) and
quercetin (50 mg/kg) with and without poloxamer 188 more
significantly increased the duration of time spent in light
area (P < 0.001 and P < 0.01; respectively) and decrease
in duration of time spent in dark area as compared to HC
rats (P < 0.001 and P < 0.001; respectively). However the
significant difference were observed in the rats treated with
lycopene and quercetin combination with and without
poloxamer 188 in the duration of time spent in light area
(P < 0.001 and P < 0.01; respectively) and dark area (P < 0.001
and P < 0.001; respectively) when compared with quercetin
treated rats. However, no significant change was observed in
comparison with lycopene.

Further, a significant decrease in the number of entries in light
area and increase in the dark area was observed in HC rats when
compared with control rats (P < 0.001 and P < 0.001; respectively).
Rats treated with lycopene and quercetin alone significantly
increased the number of entries in light area (P < 0.001
and P < 0.01; respectively) and decreased in dark area
(P < 0.001 and P < 0.001; respectively) when compared
with HC rats. Further, combination treatment of lycopene
(25 mg/kg) and quercetin (50 mg/kg) with and without
poloxamer 188 more significantly increased the number of
entries in light area (P < 0.001 and P < 0.001; respectively)
and decrease in number of entries in dark area as compared
to HC rats (P < 0.001 and P < 0.001; respectively). However,
rats treated with lycopene, quercetin and poloxamer 188
combination produced significant decrease in the number of
entries in the dark area when compared with lycopene, quercetin
and their combination without poloxamer 188 treatment

(P < 0.001, P < 0.001 and P < 0.05; respectively) [Figure 2].
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Figure 1: Effect of combination treatment of lycopene, quercetin
and poloxamer188 on locomotor activity. °P < 0.001 versus control;
*P < 0.01,°P < 0.001 versus HC; &P < 0.05, "P < 0.01 versus L (25),
HC: Huntington control, P: Lycopene, Q: Quercetin, P 188: Poloxamer 188
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Forced Swim Test

Significant decrease in the onset of immobility and increase
duration of immobility was observed in HC rats when compared
with control rats (P < 0.001 and P < 0.001; respectively).
Rats treated with lycopene and quercetin alone along with
3-NP increase onset of immobility (P < 0.001 and P < 0.05;
respectively) and decrease duration of immobility (P < 0.001 and
P < 0.01; respectively) when compared with HC rats. Further,
combination treatment of lycopene (25 mg/kg) and quercetin
(50 mg/kg)with and without poloxamer 188 along with 3-NP
more significantly increased onset of immobility (P < 0.001 and
P < 0.001; respectively) and decreased duration of immobility
compared with HC rats (P < 0.001 and P < 0.001; respectively).
Further the significant difference was noted on the duration of
immobility in lycopene and quercetin with or without poloxamer
188 treated rats, but on the onset of immobility significant
difference was observed only with poloxamerl88 combination
when compared with quercetin treated rats (P < 0.001 and
P < 0.0 and P < 0.01; respectively) [Figure 3].
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Figure 2: Effect of combination treatment of lycopene, quercetin and
poloxamer188 on anxiety (a) time spent in light and dark area and
(b) number of entries in light and dark area, °P < 0.001 versus control;
#P < 0.01 and ®P < 0.001 versus HC; 4P < 0.01, *P < 0.001 versus
Q (50); °P < 0.001 versus L (25); "P < 0.05 versus L (25) and Q (50)
combination, HC: Huntington control, P: Lycopene, Q: Quercetin,
P 188: Poloxamer 188
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DISCUSSION

HD is a disorder in which nerve cells in certain parts of the brain
waste away, or degenerate [30]. HD causes movement, psychiatric
and cognitive difficulties [31]. In HD increase in oxidative stress
and neuronal loss alters neurotransmitters that regulate mood
results in depression and anxiety. In HD, there is a continual
life change, which may be one of the sources of anxiety [32].
Strong evidences suggest involvement of energy impairment,
excitotoxic processes, and apoptosis worsen the symptoms of
HD. Striatum and hippocampus are more affected because nerve
cells of the striatum are first to die as HD progresses [33]. HD
is not a prevalent within any particular population, races, ethnic
groups, sexes. Epidemiology of HD is less as compared to other
discases, but increasing prevalence suggests that there is a new
scope for further research on HD [34].

Current medical therapies use pharmaceutical interventions
with lifestyle modification to prevent or control HD. Various
hypotheses including molecular genetics, oxidative stress,
excitotoxicity, metabolic dysfunction, and mitochondrial
impairment have been proposed to explain the pathogenesis
HD despite to that there is no treatment available fully to stop
the progression of the disease [35].

3-NP is known to produces behavioral, biochemical and
morphologic changes in animals associated with HD similar to
those occurring in human [36]. Intra-peritoneal administration
of 3-NP increases oxidative stress, gait impairment and
neurodegeneration [37]. Further, it produces depression
and anxiety via energy impairment and striatal lesion. It
is an irreversible inhibitor of succinic acid dehydrogenase
(Complex II) and induces neuronal disorders in rats similar to
those in patients with 1D [13].

Bioflavonoid and carotenoid are upcoming molecules that
can be used for a number of disease with less or no side-
effect. They have excellent properties that help to reduce or
cure the symptoms of many discases [38]. Research proved
that carotenoids and bioflavonoid have a complementary
effect, making them both more effective when administer
together rather than separately. The combinations of these
are used to treat different diseases such as cancer, diabetes,
asthma, coronary diseases, cte. [39-41]. Previous study
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Figure 3: Effect of combination treatment of lycopene, quercetin and poloxamer188 on depression (a) duration of immobility (b) onset of
immobility. °P < 0.001 versus control; *P < 0.05, P < 0.01 and ®P < 0.001 versus HC; ¥P < 0.01, *P < 0.001 versus Q (50) HC: Huntington control,

P: Lycopene, Q: Quercetin, P 188: Poloxamer 188
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showed that lycopene has strong antioxidant properties, and
quercetin has anti-inflammatory property with the addition
of anticancer, anti-diabetes, anti-asthematic activity [42,43].
Lycopene treatment significantly attenuates the impairment
in behavioral, biochemical and mitochondrial dysfunction as
well as glutathione depletion that cures depression and anxiety
[21]. Quercetin significantly decreases the concentration of
malondialdehyde (an indicator of lipid peroxidation) and
glutathione reductase activity [44]. In addition, poloxamer,
188 which is a polymer has the ability to repair damaged cell
membranes by increasing the lipid packing density as it provides
mechanical sealing to neurons [23]. Based on this evidences
in our investigation we use the combinations of lycopene
(carctonoid) and quercetin (bioflavonoid) with and without
poloxamer 188 to study synergistic effect in alleviating anxicety
and depression.

As HD progresses, there is strong impairment in motor
functions that alter muscular movements and reduced
locomotor activity [25]. As per the reports intra-peritoneal
administration of 3-NP cause muscular atrophy which
leads to decrease in locomotion counts. Reduced number
of locomotion also indicates central nervous system (CNS)
depression which is one of the symptoms of HD. In the present
study, 14 days administration of 3-NP produced significant
decreased in locomotions that are in agreement of the previous
reports. Administration of lycopene and quercetin separately
significantly increases the number of locomotion as compared
to HC group, which may be due to as they reduce oxidative
stress and inflammation. However, combinatorial treatment of
quercetin and lycopene with or without poloxamer 188 restored
anumber of locomotion more significantly; further a significant
difference was found as compared to lycopene treated rats,
which showed a synergistic effect as they produce anti-oxidant
and anti-inflammatory effect together.

3-NP produce CNS depression via oxidative stress and
structural defects. Depression is one of the most common
psychiatric disorders in the general population. Scientist
investigate depression is a common feature of HD. Depression
in HD is associated with basal ganglia abnormality and
neurodegeneration which can be measured with the help of
forced swim test. Due to depression animal will not try to
escape a stressful stimulus (water tank) [28]. Administration
of 3-NP in rats produced neurodegeneration and exhibit
depression. In the present study, lycopene and quercetin
significantly minimizes depression induced by 3-NP as
compared to HD group. However combinations of these drugs
are more effective as compared to individual administration
as they work together. Addition of poloxamer 188 to this
combination showed more significant effect on onset of
immobility. There was more significant difference in the
duration of immobility period in the rats treated with lycopene
and quercetin with or without poloxamer 188 when compared
with quercetin treated rats. On the onset of immobility only
the rats treated with lycopene and quercetin with poloxamer
188 showed statistical significant difference when compared
with quercetin treated rats.
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Anxiety is one of the symptoms of IID. As per previous
investigation anxiety in HD may be due to cholinergic
hypofunction and increase oxidative stress [26]. 3-NP induces
anxiety via increasing oxidative stress in experimental animal,
which can be measure with the help of light and dark model as
time spend in light or dark model. Light and dark model is one
of the best animal models to measure the anxiety in animal.
In our study, administration of 3-NP induced anxiety and
reduced time spend in light area as compared to control rats.
Co-administration of lycopene and quercetin alone along with
3-NP reduced anxiety and significantly increased the duration
of time spent in light area. Further more significant reduction in
anxicty and increase in the duration of time spent in light arca
were observed with combination of these drugs with or without
poloxamer 188. Combinations of lycopene and quercetin with or
without poloxamer188 exhibited significant increase in duration
of time spent in light area and decrease in dark area. Further
significant increase in time spent in light area and decrease
in dark arca was observed in rats treated with quercetin when
compared with lycopene treated rats.

To sum up, lycopene and quercetin showed significant effect
in the management of HD, moreover in our study we observed
synergistic effect when lycopene and quercetin administered
together with or without poloxamer 188. Further we have
observed good results in rats treated with lycopene, quercetin
and poloxamer 188 than lycopene and quercetin combination.

CONCLUSION

This study indicates that combination of lycopene and quercetin
is an effective nutritional component to alleviate and/or prevent
the complications of HD than single drug therapy, and these
findings can be used as a basis for future studies.
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