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ABSTRACT

Huntington's disease (HD) is a genetic, progressind fatal neurodegenerative disorder characteribgdthe
gradual development of involuntary muscle movemamtisassociated with severe degeneration of basadjlga neurons
(Paulsen et al., 2008; Raymond et al., 2011). Avaaged unstable CAG trinucleotide repeat within ¢being region of
the HD gene has been identified as the genetic rontegsponsible for the disease (HD Collaboratives®arch Group,
1993). The progression of disease is generally-¢etset and characterized by psychiatric, cognitased motor
disturbances (Shannon, 2011) due to progressiveodegeneration in the cerebral cortex, hippocammigatum and
basal ganglia (Bates, 2004; Hart et al., 2013).slime cases, involuntary movements may be promenentin the early
stages. As documented, first signs of HD are behalvdisturbances and learning difficulties (Pauis& Canybeare,
2005; Stout et al., 2012).

KEYWORDS:Disease, Generally Late-Onset,Characterized By Mayic Cognitive
INTRODUCTION

Huntingtin is proteolysed by caspase-1 and caspa$&sldberget al., 1997; Wellingtonet al., 2000). In HD
models and in presymptomatic and early symptonsitiges of HD patients caspase-1 and caspase-3egpression is
transcriptionally up-regulated (Chenal.,2000). This leads to an increase of caspase-megididdéavage of huntingtin and
increases the generation of N-terminal huntingtigifents that are prone to form toxic aggregategimons (Hackarat
al., 1998; Wellingtoret al.,2000), while depleting wild type huntingtin (Kidetet al.,2002). It appears that some features
of HD result from the depletion of huntingtin prisiefunction, whereas the consequent N-terminal ddxagments
themselves may exert toxic effects on the cellrbgdcriptional disruption of other genes (Nucifetal.,2001; Hickeyet
al., 2003; Landlegt al.,2004).

HD symptoms and signs begin insidiously and onsaally occurs during the fourth or fifth decaddifef with a
mean survival of 15 to 20 years after disease ofvmtsattelet al., 2004). However, the age of disease onset can vary
from childhood until old age and can be correlatéth the length of the polyglutamine repeat in thentingtin gene
(Raymondet al, 2011). In patients with juvenile-onset HD, willsease onset before the age of 20 years, the aighs
symptoms are somewhat different; they include bkahsia, rigidity and dystonia while chorea cancbenpletely absent.
Involuntary movements can take the form of tremomyoclonus and affected children often developegpic seizures

(Rubinsztein, 2002; Vonsattet al.,2004). As to epidemiology, the incidence and plevee of HD varies between ethnic
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groups. The disorder is more common among EuropEmpulations with a prevalence of almost 1 in 10,000
comparison with Japanese and African populatiohgrevthe prevalence may be less than 1 in 1,00@\0@sattelet al.,
1998; Vonsatteét al, 2004).

3-Nitropropionic acid (3-NP) is a natural enviromted toxin obtained from various plants and fundjietr can
induce HD (Colet al.,1979; Kumar and Kumar, 2008). 3-NP is a non-coitipetinhibitor of mitochondrial succinate
dehydrogenases (SDH) in the brain (Goefidl.,1985; Alexiet al.,1998; Brouilletet al, 1998), an enzyme located in the
mitochondrial inner membrane and causes rapid sspjum of energy metabolism in the brain (Beal 4 %Buyotet al,
1997). This phenomenon results in the release cifat®mxic neuromediators induces a reduction in Afd® production
and gives rise to free radicals (Tabriial., 2000; Perez-Severingt al.,2002). Both, nitric oxide and reactive oxygen
species produced by3-NPdisturbs glutathione reguoleqBeal, 1998; Tuneet al.,2004) and causes oxidative stress.lIt
has also been reported that 3-NP administrationltsegn striatal lesions similar to that of HD wai(Brouilletet al,
1999).

Vitamin C (Ascorbic acid) is the most importantavitin in fruits and vegetables, and has been redaaddahe
most potent natural antioxidant (Vissetsal., 2011). Although, most of the higher animals cantlsgsize vitamin C in
their liver or kidneys, but in humans, the termieakzyme in its synthetic pathway is absent and, thitamin C has
become an essential dietary component for humavivali(Visserset al.,2011). Ascorbic acid is a versatile water soluble
radical scavenger widely distributed in aerobicamigms that play a central role in the protectiboeadlular components
against oxidative damage by free radicals and oxé&dshat are involved in the development and exstem of a
multitude of chronic diseases (Ozkanlar & Akcayl120Myunget al., 2013).Studies have reported that Ascorbic acid
being an endogenous redox agent is highly condedtia the various regions of the CNS and is fotmbe accumulated
in high concentration in neurons and glial cell (lis®n et al, 2009).Ascorbic acid serves as a neuromodulataoimal
brainfunctioning and as a neuroprotective agentarous conditions of oxidative stress (Grunewdl@93). Previous
studies have indicated that ascorbic acid is cgpdidective, hepatoprotective, anticonvulsant ak agereno-protective in
nature (Korkmazt al.,2009).

y-aminobutyric acid (GABA) has been found to playiaaportant role in the basal ganglia function (Griay et
al.,1990). The GABA system is the major inhibitory gystin the rat brain (Wallacet al.,2007). The evidences suggest
that GABA may play a supplementary role in braisedises by modulating dopamine and serotonin. A G&8ia deficit
is particularly apparent in insomnia, anxiety dismns, epilepsy, and schizophrenia (Wallatal, 2001; Scheffeet al,
2003). The caudate nucleus and putamen of the baaia high levels of GABA (Graybiet al.1983).

The substantianigra (SN) is a major division of bHasal ganglia, a group of subcortical nuclei imedl in a
variety of functions including movement, memory aagnition (Celadat al, 1999). Most of the effects of GABA in the
SN are mediated through postsynaptic GABA-A receptahich cause an increase in chloride conducttrateunderlies
fast inhibitory postsynaptic potentials (Pirket al., 2000; Schwarzeret al., 2001). Dysfunctions of GABAergic
transmission in the SN have been implicated inrgetyaof diseases and their models. Excitotoxigoles of the striatum
leads to a loss of striatonigral GABAergic neur@msl to changes in striatal targets that are sindahe changes that
occur in Huntington's disease and, as such, haga bsed as models of this disease (Gésal., 2000). Furthermore,

functional changes have been reported in nigral &A4Breceptors in an in vitro expression systemdafing excitotoxic
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lesions of the striatum in the rat (Sanelaal., 1998). Inappropriate disinhibition of basal gaagiargets have been
proposed to underlie the abnormal involuntary mosets associated with Huntington's disease (Aktiral., 1989;
Delong, 1990).

Bicuculline acts as a competitive antagonist at @ABeceptors (Andrews and Johnston, 1979). Thidewie is
supported by functional studies. Single channalissuhave shown that bicuculline reduces GABA atéigl conductance
by reducing both channel opening times and opefreguency (Macdonaleét al., 1989). In this study, bicuculline is

employed as an antagonist to confirm the involvamé@ABA receptor.

There has been a lot of research at various léwetdving GABA-A receptors in HD. But, direct inwetment of
Ascorbic acid in HD and its action through GABA-&ceptor has not been studied. So, present studgsigned to
investigate the activation of GABA-A receptor apatential molecular mechanism in Ascorbic acid-ragzti protection
against 3-NP induced HD.

MATERIALS AND METHODS

Experimental Animals

Male wistar rats (procured from National InstitofePharmaceutical Education and Research, Mohaihtained
in the central animal house of the facility of Caarh College of Pharmacy, Landran, Mohali, Purgald weighing
between 200 and 250g of were used. The animals kegreunder standard conditions of light and damies with food
and water ad libitum in plastic cages with huskdied. All the experiments were carried out betw88r00 and 15:00 hr
in semi- sound proof laboratory conditions. Thetpcol was approved by the Institutional Animal EthiCommittee vide
no (1201/a/08/CPCSEA) and carried out in accordavitethe Indian National Academy Guidelines foe tinse and care
of animals. Adequate measures were taken to mirithig pain and discomfort to the animals. The oatke animals was
carried out as per the guidelines of the Committeghe Purpose of Control and Supervision of Expental Animals
(CPCSEA), Ministry of Environment and Forests, Goweent of India.

Drugs and Chemicals

All chemicals and biochemical reagents of analytgrade and highest purity were used. The followaggnts
were used in the present study: 3-Nitropropionid &8igma-Aldrich Corporation, India) was dilutedthvsaline (adjusted
pH 7.4 with NaOH) and administered intraperitongeélp), Ascorbic Acid (LobaChemiePvt.LTD.), Bicucullif€ayman
chemicals company) wagsed as an antagonist of GABA receptors and Misépme (1mg/kg,.p ) was used as

progesterone antagonist. DMSO and Olive Oil wasl tigéicuculline and Mifepristone.
Animal Model for Huntington’s Disease

3-nitropropionic acid (10mg/kg) was administerettaperitoneally (i.p) once daily for a period of dldys to
induce the symptoms of HD (Kumar & Kumar, 2009NB-injection was freshly prepared in normal saligé ml of
normal saline per 100gm of animal weight) beformimistration. Only rats with positive behaviorafesfts were included
in the study. All animals were trained for 4 dag$die administration. All the behavioral parametgese observed before
drug administration and 24 hrs after first dose adchrs after the last dose, that on th& @8y after the start of 3-NP

treatment.
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Measurement of Body Weight

Body weight was noted in the first and last daysttaf experiment. Percentage change in body weigigt w

calculated in comparison with an initial body weigh the first day of experimentation.
BEHAVIOURAL ASSESSMENTS

» Elevated Plus Maze Paradigm

Elevated plus maze is used to test learning andane( umaret al.,2010). The elevated plus maze consisted of
two opposite open arms crossed with two closed afrtise same dimensions. The arms are connectacténtral square.
Acquisition of memory was assessed on the ddlyefore initiating 3-NP treatment in the controbgp. Rats were placed
individually at one end of an open arm facing advayn the central square. The time taken by the ahimmmove from the
open arm into the closed arm is recorded as thialitiansfer latency. The animals were alloweaxplore the maze for
30sec after recording the initial latency and thetarned to its home cage. If the animal did ndeean enclosed arm
within 90sec, it was gently pushed into the enaoaen and the transfer latency is assigned as 9G&stention of
memory was assessed by similarly placing a ratroapgn arm and noting the retention latency 24hy ) and 4 days
(day 5) after the initial transfer latency (ITL)h&se times were referred to as the first retentmmsfer latency and second

retention transfer latency, respectively (Kulkaghal.,1993).
e Morris Water Maze (Spatial Navigation Task)

The acquisition and retention of the spatial tagtevexamined using the Morris water maze. Animatsew
trained to swim to a platform in a circular poatdded in a test room. The pool was filled with wgg1+ 2c) to a depth of
40 cm. A movable circular platform, 9 cm in diamea®@d mounted on a column was placed in the paohlabove the
water level (visible platform) for the maze acqtigsi test. Another movable platform, 9 cm in diaereind mounted on a

column, was placed in the pool 1 cm below the wigtez! (hidden platform) for the maze retentiort.tes
Maze Acquisition Test (Training)

Animals received a training session consisting tbds in day for four days before 3-NP administa. In all 4
days, the starting positions were different. Therlay to find the escape platform was recordeduprhaximum of 2 min.
The visible platform was fixed in the centre of @mfahe 4 quadrants and remained there througlhauexperiment. The

time taken by a rat to reach the platform on thetfoday was recorded as the initial acquisiticgaray.
Maze Retention Test (Testing For Retention of the éarned Task)

Following 24 h (day 5) and 14 days (day 15) aftez initial acquisition latency (IAL), rats were domly
released at any edges facing the wall of the podltasted for the retention of the response. Tihe taken to reach the
hidden platform on days 5 and 15 following inittatiof 3-NP treatment was recorded and termed a$irftaetention

latency and second retention latency, respectiffegigutschyet al.,2001).
e Assessment of Gross Loco motor Activity by Using Aphotometer

The locomotor activity was monitored using Actopimoeter on ¥, 5", 15" day of 3-NP administered and

Ascorbic Acid treated groups (Kumet al.,2010). The horizontal motor activity was deteddgdwo perpendicular arrays
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of 15 infrared beams located 2.5 cm above the fafdihe testing area. Each interruption of a beanthe x or y-axis
generated an electric impulse, which was presemeal digital counter. Similarly, the vertical motmtivity was recorded
using the additional row of infrared sensors lodat& cm above the floor. Each animal was observed a period of 5
min and values expressed as counts per 5 min. pparatus was placed in a darkened, light and satteduated and
ventilated testing room (Redday al., 1998)

» Assessment of Grip Strength Activity by Using Rotand

All animals were evaluated for motor ability andadrae by using the rotarod off, 5", and 1%' day of treatment
(Kumaret al.,2010). The rats were given a prior training ses&iefore initialization of any therapy to accliméitem to
Rotarod apparatus. Rats were placed on the rotedohgvith a diameter of 7 cm (speed 25 rpm). Timgtle of time in the
rod was taken as the measure of competency. Théf timte as 180 sec and each rat performed thrparate trials. The

average result was recorded (Kulkarni, 1999).

» Assessment of the Biochemical Parameters

Biochemical tests were carried out after the |lasiavioural test.
e Tissue Preparation

Animals were sacrificed by decapitation and thensravere removed and rinsed with ice-cold isotaatine.
Brain tissue samples were then homogenized (10sti(mév) with ice —cold 0.1M phosphate buffer (pht)7.the
homogenate was centrifuged at 10,000xg for 15 mihaliquots of supernatant were separated andfosddochemical

experiments.
e Thiobarbituric Acid Reactive Substances (TBARS)

The quantitative measurement of thiobarbituric aeiactive substances (TBARS), an index of lipidog@tation
in renal tissue was performed according to methoichans and Samuelson, (1968). In this methodpntéaldehyde
and other TBARS was measured by their reactivitthwhiobarbituric acid in an acidic condition tongeate pink
colouredchromophore which will be measured spebwapmetrically at 535 nm. To 1.0 mL of tissue hoewagte, 2 mL
of trichloroacetic acid-thiobarbituric acid-hydrdetic acid (TCA-TBA-HCI) reagent will be added amixed thoroughly.
The mixture will be kept in a boiling water bathr ft6 min. After cooling the tubes will be centrikayat 10000 g for 10
min. The colour developed in the supernatant wéllrbeasured at 535 nm against blank reagent. Assefistandard
solutions of tetra methoxy propane in the concéiotmaof 1 to 10 nM will be treated in the similammmer. Values will be

expressed as nano moles per mg of protein.

PREPARATION OF REAGENTS
Preparation of 0.37% Thiobarbituric acid (TBA) Solution

0.37g of thiobarbituric acid was dissolved in 10@fstilled water.
Preparation of 15% Trichloroacetic acid (TCA) Solution

15 ml of TCA was dissolved in 100ml distilled water
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Preparation of 0.25N of Hydrochloric acid (HCL) Soltion
2.23 ml of HCL was taken in measuring cylinder aothme was made upto 1000 ml with distilled water.
Preparation of 1nM 1,1,3,3-Tetraethoxy Propane

0.82 ml of standard 1,1,3,3-tetraethoxy propane dilased to 5 ml with diluted water to make 1M stdm. 1ml
of this solution was further diluted to 10 ml witlistilled water and this diluted process was furttepeated for eight

times to get 1nM 1,1,3,3-Tetraethoxy propane
Reduced Glutathione (GSH) Level

The whole brain level was estimated by method aftige et al, (1963). The supernatant of tissue hgamate
were mixed withtrichloroacetic acid (10%wi/v) in 1rdtio. The tubes were centrifuged at 1000g fomdi at 4 . The
supernatant obtained (0.5 ml) was mixed with 2 M0.8 M disodium hydrogen phosphate. Then 0.25 f0.601 M
freshly prepared DTNB dissolved in 1% w/v sodiumtrate was added and absorbance would be noted
spectrophotometrically at 412 nm. Different concatibns of reduced glutathione (GSH) standard wamecessed
similarly to prepare a standard curve (10-100 [Relsults were expressed as micromoles of reducéatiglone per mg of

protein.

PREPARATION OF REAGENTS
Preparation of 5, 5’-Dithiobis 2-Nitrobenzoic Acid(DTNB) Solution

7.92 mg of DTNB was dissolve in 20 ml of 1% of aadicitrate.
Preparation of 1% of Sodium Citratesoultion
1g of sodium citrate was dissolve in 100 ml of wate
Preparation of 0.3 M Disodium Hydrogen Phosphate4pH)
4.26 g of anhydrous disodium hydrogen phosphatedigagslve in 100 ml distilled water.
Preparation of 10% Trichloroacetic Acid Solution
10 g trichloroacetic acid was dissolved in 100 mtitled water.
Preparation of 100 uM reduced glutathione
6.14 mg of reduced glutathione was dissolved inr20fistilled water
Estimation of Total Protein Content

Brain total protein was estimated by the method @firy et al (1951) with slight modifications using bovine
serum albumin (BSA) as a standard. 0.15 ml of sagiant tissue homogenate was diluted to 1 ml wtilldd water and
5 ml of Lowry reagent was added. The contents weibeed thoroughly and the mixture was kept for 151t room
temperature (3C). Then, 0.5 ml Of 1:1 v/v diluted Folin-Ciocaltsu’eagent was added. The content was then be gdrtex
vigorously and incubated at room temperature °GB7for 30 min. The protein content was determined

spectrophotometrically at 750 nm against suitabBppred blank and a standard curve using 0.2-2/énhaf BSA was
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plotted. The amount of total protein was expressedthg/ml. The absorbance from a standard curve rgée using
1,1,3,3 tetra-methoxy propane as standard (rantemol -10 nmol) wasextrapolated. The values wasesged as nmol

per gm tissue.

PREPARATION OF REAGENTS

Preparation of Lowry Reagent:

Lowry reagent was prepared by mixing 1%wi/v of coppéphate, 2% w/v sodium potassium tartrate, 2% of/

sodium carbonate in 0.1 M sodium hydroxide in &raf 1:1:98.
Preparation of 1%w/v of Copper Sulphate Solution

19 cupric sulphate was dissolved in 100ml distilleter.
Preparation of 2%w/v Sodium Potassium Tartrate Soltion

2g of sodium potassium tartrate was dissolved Dndl@istilled water.
Preparation of 2% w/v of Sodium Carbonate Solution(Na2 Co3)

29 sodium carbonate was dissolved in 100ml distillater.
Preparation of 0.1 M Sodium Hydroxide Solution

4g of NaOH was dissolved in 1000 ml distilled water
Preparation of 2.4 mg/ml Bovine Serum Albumin (BSA)Solution

24 mg of BSA was dissolved in 10 ml distilled water
Preparation of Folin-Ciocalteu’sphenol Reagent Solion

Folin-ciocalteu’s phenol reagent was prepared lytidg the equal volume of folin-ciocalteu’s phenelgent

with distilled water in the ratio of 1:1.
Estimation of Brain Nitrite / Nitrate Concentration Level

The accumulation of nitrite in the supernatant wasasured as an indicator of the production of mitixide
determined by the method of Greenal.(1982) using a colorimetric assay with the Griesgent (0.1% N-(1-napthyl)
ethylenediaminedihydrochloride, 1% sulphanilamice anixture was incubated for 10 min at room tempeeain the
dark, and the absorbance was measured at 540 nmai$iUV-1800 spectrophotometer, shimadzu). Taedsrd curve of

sodium nitrite (5 to 50uM) was plotted to calculatecentration of brain nitrite.
Prepartion of Reagents

Griess reagent was prepared by dissolving 1:lisolaf 1.0% of sulphanilamide in 5 M HCL solutionca0.1%

N-napthyl-ethylene-diamine in water.
Prepartion of 1.0% Sulphanilamide Solution

1g of sulphanilamide was dissolved in 5 M HCL antlme was made upto 100 ml.
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Prepartion of 0.1 N- Nathy Lethylenediamine Solutia

100 mg N- nathylethylenediamine was dissolved i@ &0 of distilled water.
Prepartion of 5M HCL Solution

44.65 ml of concentration HCL was in 100 ml of dlistl water.
Estimation of Brain Acetyl Cholinesterase (AChE) Ativity

The cholinergic neuron marker acetyl-cholinesterasié be estimated in whole brain according to thethod of
Ellman et al. (1961) with slight modifications (Koladiyat al, 2009). It is measured on the basis of the foonabf
yellow color due to the reaction of thiocholine hwidithiobisnitrobenzoate. The rate of formationtlbcholine from
acetylthiocholine iodide in the presence of brahvlmesterase was measured using a spectrophotondefe ml of
supernatant of the brain homogenate was pipettentus 25 ml volumetric flask and diluted with $tdy prepared DTNB
solution (10 mg DTNB in 100 ml of Sorenson phospHaiffer, pH 8.0). From volumetric flask, two 4 pdrtions will be
pipette out into two test tubes. Into one of ths tabes, two drops of eserine solution to be ad@lkdn 1 ml of substrate
solution (75 mg acetylcholine iodide per 50 ml ddtiled water) will be pipette out into both ofehest tubes. The test
tube containing eserine was taken as blank andhhage in absorbance per minute of the test sawgderead using a
spectrophotometer at 412 nm (Abhirehal, 2010; Kumaet al, 2009).AChE activity was calculated using thédwing

formula:

_4&0.D *volumeofassay
E*mgoefprotein

Where;

R = rate of enzyme activity in ‘n’ mole of acetytiime iodide hydrolyzed/min/mg protein,
6 0O.D. = change in absorbance/min,

E = Extinction coefficient (13600/M/cm)

PREPARATION OF REAGENTS
Preparation of 5,5’-Dithiobis (2-nitrobenzoic acid)DTNB

10 mg of DTNB was dissolved in 100 ml of Sorenskagphate buffer
Preparation of Sorensen Phosphate Buffer (PH 7.4)

Sorensen phosphate buffer was freshly preparedikingnd7.35 ml of 0.2 M dibasic sodium phosphatd ar65

ml of 0.2 M monobasic sodium phosphate.
Preparation of 0.2 M Dibasic Sodium Phosphate Solign

0.2 M dibasic sodium phosphate was prepared byldiag 35.6 g of dibasic sodium phosphate in desilwater

and volume was made upto 1 litre with distilled evat
Preparation of 0.2 M Monobasic Sodium Phosphate Sation

0.2 M monobasic sodium phosphate was prepared $golding 27.6 g of monobasic sodium phosphate in
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distilled water and volume was made upto 1 litréhwidistilled water.
Preparation of Acetylthiocholine lodide Solution

75 mg of acetylthiocholine iodide was dissolved@hml of distilled water.
Myeloperoxidase Activity

The myeloperoxidase (MPQO) activity which is meaduas an index of neutrophil accumulation which ban
measured by using method of Krawitzal, (1984). In the pellet obtained after tissue hgerazation 10 mL of ice-cold
potassium phosphate buffer (pH 6.0) containing 0B8%adecyltrimethyl ammonium bromide (HETAB) and m/
ethylene diamine tetra acetic acid (EDTA) will bédad and subjected to one cycle of freezing andititnand then
sonication for has been taken for 15 s. The costefit be centrifuged at 15,000 g for 20 minuted. L of supernatant
obtained after centrifugation and mixed with 2.9 mof phosphate buffer containing 0.16 mg/mL of oniaine
hydrochloride and 0.0005% hydrogen peroxide,(§). The change in absorbance was measured byusing
spectrophotometer at 460 nm. The MPO activity {gregsed as unit per gram of tissue weight wheneitlisithe quantity
of enzyme able to convertyM of H,O,to water in 1 minute at room temperature. The datmn of MPO activity will be

done using formula:

MPO activity (U/g) = X / Weight of the tissue

Where X = 10 x change in absorbance per minutefwelaf supernatant taken in mL
Histological Evaluation

Haematoxylin and eosin staining of brain tissué kel done for histological parameters. The brasues will be
preserved in 10% formalin and dehydrated in gramettentrations ofethanol, immersed in xylene awed ttimbedded in
paraffin. The sections of 4 um thickness will bé and placed on slide using commercial Baker’s ntiogrfluid. Paraffin
wax will be removed by warming the slide gentlytiuthe wax melts and then will be washed with xde This was
followed by washings with absolute alcohol and watehydrate the sections and stained with haemyéitoand eosin
described by Clayden (1971). The hydrated sectizare stained with haematoxylin for 15 min. Therstdi sections will
be washed with water and they will be treated Wi acid alcohol mixture for 20s. The acid alcohattore washed off
with water and sections will be counterstained with aqueous solution of eosin for 2 minutes. Aftashing with water
to remove excess of eosin, the sections was detegttesing absolute alcohol and then mounted usantpda balsam as

mounting agent. The slides were observed for gnsepathological changes and neutrophil accunuarati
Treatment Schedule

All animals were acclimatized for atleast 2 hrsdoeftesting unless otherwise specified in all thpegiments.
Animals were divided in seven groups and each gommsisted of six animals as approved by IAEC lier post emptive
paradigms. To evaluate the effect of Ascorbic AGI®0, 200 mg/kgj.p) treatment was initiated on thé' tlay and

continued till 14' day and 3-nitropropionic acid was also administereng with Ascorbic Acid.
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EXPERIMENTAL PROTOCOL
Group | (Control, n= 6)

Rats were administered with normal saline (10 mfglkg, i.p) 30 min before the acquisition trails danted from

day 1 to day 4 and 30 min before retrieval traildiacted on day 5 using Morris water maze (MWM).test
Group Il (DMSO Conrol, n= 6)

Rats were administered with DMSO (1mg/kg/day, daily for 14 days followed by exposure to MWM test.
Group Il (Olive Qil Control, n=6)

Rats were administered with Olive Oil (1mg/kg/day) daily for 14 days followed by exposure to M\\bkt.
Group IV (3- NP Control, n=6)

The rats were administered with 3- Nitro-proponiida(3- NP) dose (10 mg/kg/day, i.p, 0.9 % wiv) ifpr 14
days followed by the exposure to the MWM test.

Group V (Ascorbic Acid per se, n= 6)

Rats were administered with ascorbic acid (200 gigéy, i.p), 30 mins before acquisition trails fralay 1 to
day 4

Group VI (3-NP + Ascorbic acid (LD), n=6)

Ascorbic acid (100 mg/kg/day, i.p) was administetted rats 30 mins before 3-NP (10 mg/kg/day, i.p)

administration.
Group VII (3- NP + Ascorbic acid (HD), n=6)

Ascorbic acid (200 mg/kg/day, i.p) was administetedrats 30 mins before 3- NP (10 mg/kg/day, i.p)

administration.
Group VIII (Bicuculline + Ascorbic acid (HD) + 3NP, n=6)

Bicuculline (10 mg/kg/day,i.p) was administered reds 30 mins before Ascorbic acid. Ascorbic aci@0(2

mg/kg/day,i.p) was administered 30 mins before 3-NP
Group IX (Mifepristone + Ascorbic acid (HD) + 3-NP.N=6)
Mifepristone (1mg/kg/day,i.p) was administered to rats 30 mins before Ascordoid. Ascorbic acid

(200mg/kg/dayi.p) was administered 30 mins before 3-NP (10mg/kg/day

RESULTS
Effect of Ascorbic Acid on Body Weight of Animals

There was no change in the initial and final bodgight of control animals. However, 3-NP treatmesaised a
significant decrease in body weight on day' & compared to control group. Ascorbic Aper se(200 mg/kg,i.p) and
vehicle treatment had no effect on body weight, ésv pre-treatment with Ascorbic Acid (100 mg/kgl&00 mg/kg,
i.p) on 3-NP treated rats significantly and dose ddpetly prevented the decrease in the body weighibl€r1). Moreover
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treatment with Bicuculline (1 mg/kgp) and Mifepristone (1mg/kg/dayp) significantly abolished the effects of Ascorbic
acid.

Effect of Ascorbic Acid on Memory and Learning usirg Morris Water Maze

All the animals showed an initial increase in esclgiency, which declined with continued trainingridg the
acquisition of a spatial navigation task. The megtention latencies to escape onto the hiddengphatidid not alter in
control rats on all days throughout the experiméftdwever, the mean retention latencies in the 3(NP mg/kg, i.p)
treated rats were increased significantly (p<O&far initial training in the water maze on day&bd 1%’ of 3-NP as
compared to control group. The time spent in thgeiaquadrant (TSTQ) was also decreased in the &&#eed rats as
compared to control group. Ascorbic acid (200 mglkg) per sand vehicle treatment had no effect on memory and
learning when compared with control group. Moregpvgeatment with bicuculline (1 mg/kd,p) abolished and
Mifepristone (1mg/kg/dayi,p) the ascorbic acid mediated reduction in retenatencies (Figure 1).

Effect of Ascorbic Acid on Elevated Plus Maze Actity

In this study, the mean initial transfer latendigd.) on day 1 before 3-NP treatment for each raswelatively
stable and showed no significant variation. All tias entered the closed arm within 96 sec. Thécleland control
treated rats entered the closed arm quickly, aschthan retention transfer latencie® RTL and 2 RTL) to enter the
closed arm on days 5 and 15 were shorter as cothpatbe ITL on day 1 of each group. In contrdsg, 3-NP (10 mg/kg,
i.p) treated rats performed poorly throughout theegiment and an increase in the mean retentioisfiea latencies on day
5 and 15 was noted as compared to the pre-tralategcy on day 1, demonstrating 3-NP induced cognidysfunction.
Ascorbic Acid administration (100 mg/kg and 200 kagi.p) to 3-NP (10 mg/kg, i.p) treated rats significgrdecreased
the mean retention latencies on day 5 and day dEdting an improvement in memory impairement iretudby 3-
NP.However, ascorbic acid (200 mg/kg i.pex setreatment had no effect on memory when comparéu agintrol group.
Moreover, treatment with bicuculline (1 mg/kg) and Mifepristone (1mg/kg/day.p) abolished the effect of ascorbic

acid (Figure 2).
Effect of Ascorbic Acid on Grip Strength Using Rotaod Activity

3-NP (10 mg/kg, i.p) treatment impaired grip stitngs assessed by rotarod test Brdgy and 18 day. Pre-
treatment with ascorbic acid (100 mg/kg and 200kag/p) significantly (P<0.05) attenuated the 3-NP indludecrease
in grip strength in a dose dependent manner orbdayd 15. However, ascorbic agidr se(200 mg/kg,i.p) and vehicle
treatment had no effect on grip strength activitew compared with control group. Moreover, treatnwath Bicuculline
(1 mg/kg,i.p) and Mifepristone (1mg/kg/day,p) significantly abolished the Ascorbic acid mediaiadrease in grip
strength (figure 3).

Effects of Ascorbic Acid on Gross Locomotor Activiy Using Actophotometer

3-NP administration caused significant decreasthénlocomotor activity on day 5 and day 15 as caegbdo
control group. Pre-treatment with ascorbic acidd(iriy/kg and 200 mg/kg.p) significantly (P<0.05) attenuated the 3-NP
(10 mg/kg, i.p) induced decrease in motor actiuitya dose dependent manner on day 5 and day 15henel was no
change in the locomotor activity of vehicle treatats as compared to control group. However, ascatid per se(200

mg/kg,i.p.) and vehicle treatment had no effect on gross\iera activity when compared with control groupohover,
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treatment with bicuculline (1 mg/kg.,p) and Mifepristone (1mg/kg/day.p) significantly abolished the ascorbic acid

mediated increase in motor activity (figure 4).
Effects of Ascorbic Acid on Brain Reduced Glutathiome Levels

GSH levels in 3-NP (10 mg/kg, i.p) administered tadve shown significant (P<0.05) decrease as caupeth
control group whereas, there was no effect of dscacid (200 mg/kgi.p) per seand vehicle treatment on brain GSH
levels. Pre-treatment with ascorbic acid (100 mglkd 200 mg/kgi.p) significantly (P<0.05) attenuated 3-NP induced
decrease in GSH levels. Moreover, treatment witludailline (1 mg/kgi.p) and Mifepristone (1mg/kg/dayp) abolished

the ascorbic acid mediated increase in brain GSeldgFigure 5).
Effect of Ascorbic Acid on Brain Lipid Peroxidation Level

Systemic administration of 3-NP (10 mg/kg, i.p) ®adi a marked increase in lipid peroxidation in tdidito a
decline in antioxidant defense, as indicated bigaificant (P<0.05) rise in brain MDA levels as cpaned to the control
rats. Further, there were no alterations in thénbkéDA level due to ascorbic acid (200 mg/kgy) per seand vehicle
treatment as compared to control group. Pretredtmvéh ascorbic acid (100 mg/kg and 200 mg/kg) significantly
(P<0.05) prevented the increase in MDA levels, witérked effect observed at the highest dose whewpared to the 3-
NP treated group. Moreover, treatment with bicuoall(1 mg/kg,i.p) and Mifepristone (1mg/kg/day.p) abolished the

protective effects of ascorbic acid (Figure 6).
Effect of Ascorbic Acid on Brain Nitrite Levels in 3-Nitropropionic Acid Treated Rats

In present study, there was no significant effé@szorbic acigper se(200 mg/kg,.p) and vehicle treatment on
brain nitrite levels as compared to control ragst&mic 3-NP (10 mg/kg, i.p) administration cauaesignificant (P<0.05)
increase in brain nitrite levels, which was sigrafitly (P<0.05) prevented by pretreatment with dsicaacid (100 mg/kg
and 200 mg/kgi.p) in a dose dependent manner. Moreover, treatméht bicuculline (Img/kgi.p) and Mifepristone
(1mg/kg/dayj.p) abolished the ascorbic acid mediated reductidoraim nitrite levels (Figure 7).

Effect of Ascorbic Acid on Acetylcholinesterase Lesis

3-NP (10 mg/kgi.p) administration caused significant (P<0.05) inseemn acetylcholinesterase enzyme levels of
test animals when compared to control group. Adcorhcid treatment significantly (P<0.05) attenuated
acetylcholinesterase enzyme activity as compare8-iP treated rats. Moreover, there was no sigmiticeffect of
ascorbic acid (200mg/kd.p) per seand vehicle treatment on brain acetylcholinestetagels as compared to control
group. Furthermore, treatment with bicuculline (1kggi.p) and Mifepristone (1mg/kg/day.p) abolished the ascorbic

acid mediated reduction in acetylcholinestrase ewzlevels (Figure 8).
Effect of Ascorbic Acid on Brain Myeloperoxidase (MPO) Activity

Systemic administration of 3-NP (10 mg/kg, i.p) ®edi a marked increase in MPO activity as comparetie
control group. Further, there were no alterationthe brain MPO activity due to ascorbic acid (20§/kg i.p) per seand
vehicle treatment as compared to control rats. Ascaacid (100 mg/kg and 200mg/kigp) administration for 14 days,
however, significantly (P<0.05) prevented the iasein MPO activity, with marked effect observedhat highest dose

when compared to 3-NP treated group. Moreovertrtreat with bicuculline (1 mg/kd,p) and Mifepristone (1mg/kg/day,
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i.p) abolished the ascorbic acid mediated reductidram MPO activity (Figure 9).

Table 1 Effects of Various Interventions on Body Weight ofAnimals

Group. No Treatment Initial Body weight(g) | Final Body weight(g)

1 Control 222.516.5 219+7.4

2 DMSO 220.6+9.2 218.3+8.3

3 Olive Oil 220.4+7.6 219.5+4.6

4 3-NP 221.68.8 208.0+8.4

5 Ascorbic acid 220.0+£10.4 218.346.5

6 LD + 3-NP 220.69.7 213.617.3

7 HD + 3-NP 220.07.7 217.3+7.6

8 Bicuc + Ascorbic acid(HD) + 3-NP 221.6+8.5 210.3+6.0

9 Mife + Ascorbic acid (HD) + 3-NR 220.5+8.6 218.5+6.7

Values are the Mean + S.E.M

a= p<0.05 as compared to the normal control

b= p< 0.05 as compared to the 3-NP injected group
c= p< 0.05 as compared to HD+ 3-NP group.

D=p<0.05 as compared to Bicuc+ Ascorbic acid (HD) +3-NP
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Figure 1: Effects of Ascorbic Acid on Memory and Larning Using Morris Water Maze (MWM) Test
Values are the mean + SEM.

a= p<0.05 as compared to the normal control

b= p< 0.05 as compared to the 3-NP injected group

c= p< 0.05 as compared to HD+ 3-NP group.

Impact Factor(JCC): 3.6754 - This article can be dowalbed fromwww.impactjournals.us




—

=

=
|

120 - 2 bb €
b
b
£ 100 -
=
E 20 -
e day 1
mday 1st
=
60 |
E ®day 5th
B 40l mday 15th

[
[=]
1

=
|

control  vehicle drug 3-NP LD+3- HD+3- Bicuc+
perse NP NP HD +3-
NP

Figure 2: Effects of Ascorbic Acid on Memory Perfomance in Elevated plus Maze Test
Values are the mean = SEM
a= p<0.05 as compared to the normal control
b= p< as compared to the 3NP injected group

c= p< 0.05 as compared to HD+ 3-NP group.
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Figure 3: Effects of Ascorbic Acid on Grip StrengthUsing Rota Rod Test
Values are the mean + SEM
a= p< 0.05 as compared to the normal control
b= p< 0.05 as compared to the 3-NP injected group

c= p< 0.05 as compared to HD+ 3-NP group.



40 -

b
a b b
c
|
C

a Bday lst

mday 5th
Hday 15th

0 - T T T T T T T 1

control vehicle  dmugperse  3-NF LD+ 3-NP HD+3-I8cuc + HD+ 3-NP

Total actiy ity/5 m.
- — b b L3 [
= w =3 o =3 o
! . ! . . .

=3
1

Figure 4: Effects of Ascorbic Acid on Locomotor Acivity Using Actophotometer
Values are the mean + SEM.
a= p<0.05 as compared to the normal control
b= p< 0.05 as compared to the 3-NP injected group

c= p< 0.05 as compared to HD+ 3-NP group.
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Figure 5: Effects of Ascorbic Acid on Reduced Glutthione Levels
Values are the mean + SEM
a= p< 0.05 as compared to the normal control
b= p< 0.05 as compared to 3-NP injected group

c= p< 0.05 as compared to HD+ 3-NP group.
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Figure 6: Effects of Ascorbic Acid on Lipid Peroxidation
Values are the mean = SEM
a= p< 0.05 as compared to the normal control
b= p< 0.05 as compared to 3-NP injected group

c= p< 0.05 as compared to HD+ 3-NP group.
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Figure 7: Effects of Ascorbic Acid on Brain Nitrite/ Nitrate Levels
Values are the mean + SEM
a= p< 0.05 as compared to the normal control
b= p< 0.05 as compared to 3-NP injected group

c= p< 0.05 as compared to HD+ 3-NP group.



155 -
130 A c
145 A b

140
135 A
130
123 A

120 -

AchE (uM of ACh hydrolysed/min/mg of protein

115
control  wvehicle drugperse 3-NP LD+3- HD+3- Bicuc
NP NP  +HD+3-
NP

Figure 8: Effects of Ascorbic Acid on Brain Acetyldolinesterase (AchE) Activity
Values are the mean = SEM
a= p< 0.05 as compared to the normal control
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CONCLUSIONS

The present study was designed to evaluate theopeective effects of Ascorbic Aciagainst 3-NP induced

Huntington’s disease in rats and possible involvetnoé GABA, receptors.

On the basis of results obtained in the preseniysthe following salient findings are summarized:

Control group animals had shown a good performamceMWM test and EMP test as reflected by normal

memory and learning. In addition, they have shoammal motor activity in rota rod test and in actofgmeter.

Administration of ascorbic acid (200 mg/kg.) per sehad no effect on acquisition, memory, motor attignd

various biochemical parameters as compared toaayioup animals.

Systemic administration of 3-NP (10 mg/kg, for 14 days) produced symptoms similar to Huntinig disease
in rats such as declined motor function, poor erof memory, exaggerated oxidative stresS§H, TMDA &

T1INOS), TAChE levels and MPO activity along with neuro-degeneration.

Pre-treatment with Ascorbic Acid (100 mg/kg and 20@/kg,i.p.) once daily for a period of 14 days attenuated
3-NP induced motor and cognitive impairment togethigh improvement in biochemical parametet&EH, |
MDA, | AChE, | MPO& | iINOS) in a dose dependent manner in rats.

Pre-treatment with Bicuculline (1 mg/gp.) once daily for a period of 14 days abolished nieeiroprotective
effects of ascorbic acid on 3-NP treated rats.dditéon, histopathological changes in present stoaye further

justified the approach.

In conclusion, the results of the present studyatestrate that ascorbic acid has shown neuropreteefifects

against 3-NP induced behavioral and biochemicakations similar to Huntington’s disease in ratd #&me said role of

ascorbic acid involves the activation of GABA-A egtors.
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