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Abstract

Movement disorders are the heterogeneous group of disorders characterized by the progressive and
selective impairment in motor function. Movement disorders like Huntington's disease (HD) and Tardive
dyskinesia (TD) share many common features at both cellular and subcellular levels. Filgrastim is a
recombinant methionyl granulocyte colony-stimulating factor (GCSF), shows neuroprotective properties
in in-vivo models of movement disorders. The present study was designed to evaluate the neuroprotective
effect of filgrastimin the animal models of haloperidol and 3-NP induced neurotoxicity in rats. Study was
divided in two different protocol, in study one, rats were administered with haloperidol for 21 days, and
filgrastim at the dose of (20, 40 & 60 pg/kg,s.c.) was administered once a day, before haloperidol
treatment and the following parameters (orofacial movements, rotarod, actophotometer) were assessed
for TD. Similarly, in second study rats were administered with 3-NP for 21 days and filgrastimat the dose
of (20 & 40 pg/kg, s.c.) was administered, and following parameters (rotarod, narrow beam walk and
open field test) were assessed for HD. In each study, on 22"4 day, animals were sacrificed, to isolate
cortex and striatum for oxidative stress (LPO, GSH, SOD, catalase, and nitrate) parameters. The result
revealed that haloperidol and 3-NP treatment significantly impaired motor coordination, oxidative defense
and induce TD and HD like symptoms. Filgrastim pre-treatment significantly averted haloperidol & 3-NP
induced behavioral and biochemical alterations, respectively. Conclusively, neuroprotective effect of
filgrastim is credited to its antioxidant properties, hence filgrastim might be a novel therapeutic candidate
to manage TD & HD.

1. Introduction

Movement disorders, especially TD and HD consist of multiple pathophysiological similarities having
similar kinds of locomotor manifestations. The intrinsic pathophysiology of both diseases is associated
with neuronal death events by analogous pathways and show gate abnormalities. TD & HD both are
hyperkinetic movement disorders in which the direct as well as in direct pathways play vital role in
altering motor responses. Evidences reveal, altered expression of neurotransmitters makes under-
activation of indirect pathways, is the most prominent pathophysiological feature of both disorders
(Stahl, 2017; Starr et al., 2008). In the loop of indirect pathway, neurons that projected from striatum to
globus pallidus interna (GPi) and globus pallidus externa (GPe) effects brutally leads to the loss of
inhibition of GPe. Elevated activity of GPe, inhibit subthalamic nucleus (STN), substantia nigra pars
reticulata (SNpr), and GPi, results in loss of inhibition of thalamus hence, increase thalamocortical
excitatory drive and develop hyperkinetic movement abnormality (Schroll & Hamker, 2016). Furtermore, at
cellular level, dopaminergic manifestations in both disorders induce glutamate mediated excitotoxic
neuronal cell death (Chen et al., 2013). Evidences reveal, overactivation of NMDA receptors through NR2B
subunit is responsible for the glutamatergic excitotoxicity in striatum. TD & HD brain consist of high free
radical production, reduced ATP generation, which further impair Na+-K+-ATPase pump (normally
maintain electronic gradients across cellular membranes) (Lerner et al., 2015; Prentice et al., 2015). This
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results in to opening of NMDA receptors for linger period of time results in large influx of Ca%* and
generation of free radical and oxidative damage (Minnella et al., 2018).

Being a typical anti-psychotic haloperidol (HP) have a strong affinity to bind with dopamine D, receptor.
This mechanism causes supersensitivity in the postsynaptic striatal dopamine D, receptors, influence
MSN in indirect pathway, causing a wide range of side effects (facial jerking, vacuous chewing
movements (VCM), cheek puffing, eye blinking, tongue protrusion, and lip-smacking) and likely
contributes to the repetitive involuntary (orofacial) movement and develops TD (Lockwood & Remington,
2015; Thakur et al., 2015).

3-NP administration at the dose of 10mg/kg/s.c. in chronic fashion makes a neuronal loss in the striatum
by inhibiting mitochondrial complex-Il which increase the production of NO, oxidative stress and
excitotoxicity, sensitization of NMDA results in the selective degeneration of GABAergic MSNs, impair
indirect pathway and develop choreaform movement similarly as observed in HD patients (Brouillet, 2014;
Khan et al., 2015). Followed by complex Il inhibition 3-NP makes mitochondrial dysfunction by
influencing mitochondrial dynamics and organelle trafficking, results in bioenergetic failure.
Mitochondrial dysfunction is the most prominent feature of movement disorders like Huntington’s Chorea,
developed in response to 3-NP induced impairment in mitochondrial Ca2* handling, transcription
abnormalities, ATP production, electron transport chain (ETC) impairment (Brouillet, 2014; Kaur et al.,
2015). (Fig 1.1)

From the last two-decade large number of therapeutic candidate has been proposed as a treatment
strategy for movement disorders, especially for TD & HD but there inappropriate pharmacokinetic and
toxicity profile hampers their protective effect. Presently available treatment approaches are based upon
symptomatic relief; however, none of the treatment targets the ongoing neurodegenerative, which halt or
delay the disease progression. Therefore, high weightage has been given to explore preexisted therapy,
which is already available in the market for different clinical use, to save the time and money in initial
preclinical studies. Moreover, apart from influencing the clinical outcome, such therapy reduces the
chances of drug failure due to safety issues.

Filgrastim, a recombinant form of granulocyte colony-stimulating factor (G-CSF), use for neutropenia
during chemotherapy. Filgrastim is highlighted as neuronal molecule when its subcutaneous
administration cross BBB (Azmy et al., 2018). Filgrastim potentially inhibit glutamate induced neuronal
cell dath considered as hallmark in both TD and HD (Pan et al., 2010). Both HP and 3NP significantly
elevate the lipid peroxidaiton and nitrite level in brain and decrease the antioxidant levels (Naidu et al.,
2003; Silva et al., 2007). However, filgrastim enhance the GSH level and repression of elevated MDA, NO,
proinflammatory cytokines (El-Esawy et al., 2018). Multiple studies reflect the neuroregenerative and
neuroprotective properties of GCSF in various animal models (Parkinson's disease, Alzheimer's disease,
intracerebral hemorrhage, intracerebral hemorrhage, experimental allergic encephalomyelitis, spinal cord
injury), creadeted to its antiapoptotic and antioxidant profile (Azmy et al., 2018; Koda et al., 2007; Peng,
2017; Qaribi et al., 2018; Tsai et al., 2007).
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Accordingly, this study aimed to assess the potential role of filgrastim to counteract the effects of HP & 3-
NP induced alteration in behavioral & biochemical levels in rats.

2. Material And Methods

2.1 Experimental animals

Rats (either sex) having 200-250 g of weight attained from the central animal house of Maharaja Ranijit
Singh Punjab Technical University, Bathinda, Punjab (India) were used. The experimental animals were
kept and handled in accordance with the follow up of Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA) norms, according to which polyacrylic cages were used
to accommodate the animals with standard laboratory conditions which include room temperature 22 + 2
C, relative humidity of 55- 60 % and 12-h light/dark cycle were maintained. Experimental feed pallet and
water made available ad /ibitum. Entire behavioral studies were conducted between 9:00 am to 5:00 pm.
The study was approved in two different protocols with reference no. MRSPTU/IAEC/2018/010 (study-1)
and MRSPTU/IAEC/2019/09 (study-2) by the Institutional Animal Ethics Committee (IAEC). To avoid
variability between experimental groups, aged match animals were used in all experiments for a given
treatment.

2.2 Experimental groups

The assigned set animals were divided randomly in the treatment groups. Study-1 contain six groups and
study-2 contain five groups, having six animals (n = 6) in each treatment group. (Table 2.1 & 2.2).

2.3 Drugs and chemicals

3-NP was procured from Sigma Aldrich Chemicals Pvt Ltd, Banglore (India); filgrastim (Dr. Reddy's) and
Haloperidol (Serenace® Inj., Searle India, and India) were purchased from the local market.

2.4 Treatment schedule

Study 1:Haloperidol induced TD: -Treatment schedule was synchronized in order to evoke TD like feature
where the dose of 1 mg/kg Haloperidol administered intraperitoneally (i.p.) daily for 21 days by
dissolving in buffered saline of (pH 7.4).Filgrastim was diluted with normal saline (N.S) and administered
at a dose of (20, 40 & 60 pg/kg) subcutaneously (s.c.) 6 hours prior to haloperidol treatment. Weekly
assessment of behavioral parameters like vacuous chewing movements (VCM), facial jerking (FJ), tongue
protrusions (TP), rotarod, and actophotometer were accessed (15, 7, 14", and 215 day) along with their
body weights. Striatum and cortex were isolated after sacrifice on day 22 to estimate biochemical
parameters include, lipid peroxidation (LPO), reduced glutathione (GSH), nitrite, catalase, protein
estimation, and superoxide dismutase (SOD).

Study 2: 3-NP induced HD: -Treatment schedule was planned to evoke HD like feature,in which the dose of
10 mg/kg 3-NP administered intraperitoneally (i.p.) daily for 21 days by dissolving in buffered saline of
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(pH 7.4). Filgrastim is used similarly to study 1. Weekly assessment of behavioral (rotarod, open field test,
narrow beam walk) and biochemical (LPO, GSH, nitrite, catalase, protein, and SOD) parameters were
accessed similarly to study 1.

2.5 Measurement of body weight

The percentage change in body weight was calculated on the behalf of the initial and final reading of the

body weights, recorded at the 15t and 215 day, respectively before and after haloperidol (study 1) and 3-
NP (study 2) treatment (Jamwal & Kumar, 2019).

Change in bodyweight = bodyweight (1st day-21st day) / 1st day body weight x 100.
2.6 Assessment of behavioral activity
2.6.1 Study 1: Haloperidol induced TD

2.6.1.1 Assessment of orofacial movements: On the test day (on 7th, 14th, and 21st day), each rat was
gently placed in a small plexiglass cage (30x20x30 cm) for the assessment of oral dyskinesia. Animals
were given 10 min to get acclimatized to the observation cage before behavioral assessments. To
quantify assessment, the occurrence of oral dyskinesia, hand-operated counters were employed to score
facial jerking (FJs), tongue protrusion (TPs), and vacuous chewing movements (VCMs). The behavioral
parameters of oral dyskinesia were measured continuously for 10 min. In all the experiments, the scorer
was unaware of the treatment given to the animals (Datta et al., 2016).

2.6.1.2 Rotarod test. To evaluate the motor coordination and integrity of the animal rotarod test was

performed. The constant speed of 25 rpm was maintained on the apparatus (IMCORP, Ambala, India)
having length 30 cm and diameter 7 cm. Fall off latency was measured during the experiment with a
cutoff time of 180 (Jamwal et al., 2017).

2.6.1.3 Locomotor activity: The locomotor activity of the experimental rat was monitored using activity
meter IMCORP, Ambala, India). Before subjecting the animal to the cognitive task, they were individually
placed in activity meter, and the total activity count (upper beam and lower beam) was registered for 5
min. The locomotor activity was expressed in terms of total photo beams, counts/5 min per animal
(Bishnoi et al., 2008).

2.6.2 Study 2: 3-NP induced HD like symptoms

2.6.2.1 Narrow beam walking test. The apparatus comprises of two different platforms (8 cm in
diameter) each side of the beam. The beam of 0.5 mm in thickness and 2.0 cm in width and 120 cm in
length is placed 1 m above the ground. Sawdust box was placed below the beam to create a cushion
effect to fall off the rat. Animals were acclimatized for 5 min. before the training and mean experiment
time consist of 120 sec. where the time taken to cross the beam and the number of foot slips has been
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recorded for each trial. The average of three measured transfer latency yield the final value with the
interval of 2 min of inter trial (Jamwal & Kumar, 2016a; Khan et al., 2015).

2.6.2.2 Open Field Test (video tracking system): The behavior of all animals were captured at the end of
the study using a video camera (VJ instruments, India) positioned above the square box (open field),
comprises of a wooden rectangular black colored apparatus having dimension 61 x 61 x 40 cm. The floor
of the apparatus was completely black to avoid any sensitivity issues during tracking. The experimental
room was completely black, and an artificial light source was provided to support the video tracking
system.To evaluate the locomotor activity, animals were gently placed wooden boxes (OFT), with 36
houses squares. Animals were given 5 min to get acclimatized and allowed to explore the area before
behavioral assessments. The exploration in the open field, i.e., ambulation (the number of squares
crossed with all paws), distance moved, and time spent moving (active time), time spent without
movement (passive time), average speed wasrecorded by a video tracking system (VJ instruments, India)
(Aswar et al., 2017). The three times measured activity during the experiment were averaged to produce a
final value, and the cut-off time was 10 minutes (fig 2.1). After exposureto area for 10 min, rats were fear
conditioned in the area (A square wooden chamber) that were cleaned with 70% ethanol before each
session. In all the experiments, the scorer was unaware of the treatment given to the animals (Sivanathan
etal., 2015; Zurn et al., 2005). (Fig 2.1)

2.6.2.3 Rotarod test Similar to study 1.
2.7 Dissection and Homogenization

Animals were sacrificed by cervical dislocation on 22" day to isolate striatum/cortex for biochemical
estimations. Tissue homogenate was prepared in accordance with 10% (wv-1) in 0.1 M phosphate buffer
(pH 7.4). The homogenate was centrifuged at 10,000xg for 20 min. The supernatant was separated for
biochemical estimation.

2.8 Measurement of Oxidative Stress Parameters
2.8.1 Measurement of lipid peroxidation

In order to make a quantitative estimation of the extent of lipid peroxidation in the striatum and cortex of
the brain the method proposed by Wills is used (Wills, 1966). Optical density was recorded 532 nm
(Shimadzu spectrophotometer).

2.8.2 Estimation of Nitrite

Colorimetric assay is used for nitrite estimation where nitric oxide is produced in response to nitrite
accumulation in the supernatant of striatum which wasestimated by Greiss reagent (0.1 % N-(1-naphthyl)
ethylenediamine dihydrochloride, 1 % sulfanilamide, and 2.5 % phosphoric acid) method described as
(Green et al., 1982).
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2.8.3 Estimation of glutathione levels
To estimate reduced glutathione (GSH)in the brain was estimated using Ellman method, (Ellman, 1959).
2.8.4 Protein estimation

Lowry method was used for the measurement of protein by using Folin phenol as reagent (Gornall et al.,
1949).

2.8.5 Catalase activity

Catalase activity was measured according to the method described by (Luck, 1963) and change in
absorbance at 240 nm for 2 min interval with 30/60 sec intervals using Shimadzu UV/visible
spectrophotometer

2.8.6 Superoxide dismutase (SOD) activity
Superoxide dismutase activity was measured by the proposed method described as (Kono, 1978).
2.9 Statistical analysis

Values are expressed with means + SD. The behavioral assessment data were analyzed using a two-way
analysis of variance (ANOVA) followed by Bonferroni post-hoc test for multiple comparisons. For
biochemical parameters, a one-way analysis of variance (ANOVA) followed by Tukey's post-hoc test was
used for comparison. p<0.05 was considered statistically significant.

3. Results
3.1 Study 1: Haloperidol induced TD

3.1.1 Effect of Filgrastim on body weight in HP treated rats

Chronic treated with haloperidol (1mg/kg, i.p.) for 21 days has not decrease body weight as compared to
the vehicle treated group. The administration of filgrastim (20, 40, and 60 pg/kg, s.c.) along with
haloperidol and filgrastim per se (60 pug/kg) not showed any significant effect on body weight as
compared to haloperidol alone treated group. (Fig 3.1.1)

3.1.2 Effect of filgrastim on HP induced orofacial movements

Chronic administration of haloperidol at a dose (1mg/kg, i.p.) for 21 days results in a time dependent
significantly (p<0.001) increase in vacuous chewing movements, facial jerking, and tongue protrusion
compared to control-treated group. Pretreatment with filgrastim (40 and 60 g/kg,s.c.) significantly reverse
haloperidol-induced vacuous chewing movements, facial jerking, and tongue protrusion as compared to
respective haloperidol treated group. Whereas filgrastim (20 pg/kg, s.c.) failed to reverse in haloperidol-

induced orofacial movements, and filgrastim per se group had no effect. (Fig. 3.1.2; 3.1.3; 3.1.4)
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3.1.3 Effect of filgrastim on HP induced changes in rotarod activity.

Systemic HP (1mg/kg, i.p.) treatment produced significant (p<0.01) gradual decrease in rotarod activity
as compared to the control group. Pretreatment with filgrastim (40 and 60 pg/kg, s.c.) significantly
(p<0.05) prevented the impairment in rotarod activity as compared to haloperidol treated rats. However,
treatment with a lower dose (20 ug/kg, s.c.) does not have any significant effect on rotarod activity.
Filgrastim per se group did not affect. (Fig 3.1.5)

3.1.4 Effect of filgrastimin locomotor activity (actophotometer) in HP treated rats.

Chronic treatment with haloperidol (1mg/kg, i.p.) for 21 days induced significant (p<0.001) decrease in
locomotor activity as compared to the respective control-treated group. Pretreatment with filgrastim 20
ug/kg showed no effect, but the pretreatment with filgrastim (40 and 60 pg/kg, s.c.) significantly (p<0.05)
reversed the haloperidol-induced alteration of locomotor activity day as compared to respective
haloperidol treated group. Further, the administration of filgrastim per se has showed no effect. (Fig 3.1.6)

3.1.5 Effect of filgrastim on oxidative stress in HP treated rats

Chronic treatment with haloperidol at a dose of 1 mg/kg, i.p. for 21 days, increase in MDA and nitrite level
and decrease in GSH, SOD, and catalase level in comparison with control animals (P<0.001). Filgrastim
(40& 60 pg/kg, s.c.) treatment produces a marked improvement in 3-NP induced increase in oxido-
nitrosative stress (P<0.05). (Table 3.1.1)

3.2 Study 2: 3-NP induced HD like symptoms
3.2.1 Effect of Filgrastim on body weight in 3-NP treated rats

No change is observed in the initial and final bodyweight of the animal in the control group, whereas
significant (P<0.05) decreased in body weight (% change in body weight) in 3-NP treated animals is
observed when compared with the control group on day 21. Filgrastim (20, 40, ug/kg, s.c.) treatment in 3-
NP treated rats significantly (P<0.05) attenuated the decrease in body weight (Fig. 5.1). Filgrastim per se
(40 mg/kg, s.c.) treatment does not possess any significant effect on body weight. (Fig 3.2.1)

3.2.2 Effect of filgrastim in time to cross narrow beam and no. of foot slips on narrow beam walking
apparatus in 3-NP treated rats.

3-NP administered systemically (10 mg/kg; i.p.) produces significant (P<0.001) increased in the time
taken to cross across the beam and number of slips in comparison to the control group (p < 0.001) on

215t day. Filgrastim per se group did not show any effect. Further, pre-treatment with filgrastim (20 & 40
ug/kg, s.c.) significantly (P<0.05) decreased the number of slips, time taken to cross the beam, and
improved the gait abnormalities as compared to 3-NP group. (Fig 3.2.2A; 3.2.2B)

3.2.3 Effect of filgrastim on 3-NP induced changes in rotarod activity.
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Systemic 3-NP (10 mg/kg/day; i.p) treatment produced significant (p<0.01) gradual decrease in rotarod
activity on day 14" and day 215t as compared to control group. Pretreatment with higher dose of
filgrastim i.e. (40 pg/kg, s.c) significantly (p<0.05) prevented the impairment in rotarod activity as
compared to 3-NP treated rats. However, treatment with lower dose (20 pg/kg, s.c) do not have any
significant effect on rotarod activity. Filgrastim per se group had no effect. (Fig 3.2.3)

3.2.4 Effect of filgrastim on motor coordination Open Field Test (OFT) in 3-NP treated rats.

The video tracking software system (Maze Master 3.0) evaluates the activity of 3-NP treated animals,
shows a significant decrease in the number of crossing, active time, average speed, total distance, and
increase passive time on 7th, 14th, and 21st days as compared to control group. Whereas pretreatment
with filgrastim (20 & 40 pg/kg, s.c.) significantly (P<0.05) reversed the 3-NP induced behavioral alteration.
Furthermore, filgrastim per se group did not affectas compared to the normal group (Fig 3.2.4; 3.2.5; 3.2.6;
3.2.7;3.2.8).

3.2.5 Effect of filgrastim on oxidative stress in 3-NP treated rats.

The 3-NP treatment produces a considerable increase in oxido-nitrosative stress i.e., increase in MDA and
nitrite level and decrease in GSH, SOD, and catalase level in comparison with normal control animals
(P<0.001). Filgrastim (20 &40 pg/kg,s.c.) treatment produces a marked improvement in 3-NP induced
increase in oxido-nitrosative stress (P<0.05). (Table 3.2.1)

4. Discussion

In the present study, HP & 3-NP induce multiple systemic metabolic alterations and reflects the
pathophysiological feature of TD and HD respectively. Administration of these agents for 21 days elicit
sustained metabolic alterations evoked in the form of a stable motor deficit in each study. Haloperidol
evokes orofacial involuntary movements such as VCM's, facial jerking, and tongue protrusion along with
impairments in locomotory function expressed as a decrease in rotarod test and actophotometer activity.
Whereas the 3-NP show decrease in body weight, fall-off time in a rotarod test, elevation in the time taken
to cross the beam (transfer latency) and no. of footslips in narrow beam walk and impairment in
locomotor activity accessed by the different parameters of open field test such as a decrease in a number
of crossing, active time, average speed, total distance and increase in passive time, thus representing
sustained motor deficit and striatal degeneration. Furthermore, biochemical consequences initiated after
HP & 3-NP challenge in each study which includes lipid peroxidation associated with oxidative stress
perceive the formation of malondialdehyde (MDA) and elevate the nitrite level in the rat brain, whereas,
decrease in the level of antioxidant enzymes (SOD, catalase, GSH) is observed, which are in agreement
with the previous studies (Datta et al., 2016; Jamwal & Kumar, 2016b).

Haloperidol block striatal D2 receptor resulting produced supersensitivity in the postsynaptic striatal
dopamine D2 receptor (Servonnet & Samaha, 2019). Chronic administration of neuroleptics like
haloperidol increase the striatal release of glutamate from the cortico-striatal terminals, leading to striatal
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excitotoxicity, hyperactivation of the NMDA receptors due to the loss of inhibition of voltage-dependent
Mg?*, and physiological levels of glutamate then triggers the excessive influx calcium (Zhuravliova et al.,
2007) and excitatory dopamine receptor pathway is upregulated corresponding to hyperkinetic dyskinetic
movements originating from the striatum. Proliferating inhibitory D2 receptors with chronic treatment of
haloperidol increases excessive free radicals production, which is indicative of increased lipid
peroxidation and nitrite level in the brain and decreased antioxidant defensive mechanisms (Bishnoi et
al., 2008). Chronic neuroleptics administration leads to alteration of the production and detoxification of
free radicals and increased permeability of various membranes, which may be associated with the initiate
the contribution of repetitive, involuntary orofacial movements (Wu et al. 2014). Long time administration
of haloperidol increases in the turnover of dopamine, which may lead to the formation of ROS and
responsible for oxidative stress (Polydoro et al., 2004). All these effects of haloperidol are in good
agreement with previous studies (Bishnoi et al., 2008; Datta et al., 2016).

3-NP a mitochondrial toxin mimics the spectrum of HD-like features in the striatum of rat upon systemic
administration and hence represents itself as a gold standard model to induce of HD like symptoms
(Brouillet, 2014; Khan et al., 2015). The neuro-pathophysiological feature of 3-NP is associated with the
generation of free radicals and oxidative stress by altering the multiple cellular pathways. The irreversible
inhibition of respiratory chain complex Il is the most prominent feature that contributes to 3-NP toxicity.
The data from the previous reports reflects the systemic profile of 3-NP, according to which 3-NP induced
complex Il inhibition stimulates the reactive oxygen species (ROS) production followed by alteration in
multiple intercellular events, including ATP and energy failure, leads to mitochondrial dysfunction
(Brouillet, 2014). At mitochondrial level, 3-NP induced enzymatic inhibition include an increase in
electrons released from the mitochondria and the subsequent production of ROS leads to increase lipid
peroxidation and nitrite level and decrease antioxidant levels (SOD, catalase, GSH) in brain (Singh et al.,
2015).

Furthermore, 3-NP induced elevation in the production of NO, oxidative stress, and excitotoxicity by
sensitization of NMDA,which show preferential degeneration of the GABA-ergic MSNs in the striatum
(Brouillet, 2014). Such brutally affected the MSNs impair the balance between the direct and indirect
pathway in the striatum and develop choreiform movements and other behavioral manifestations
(Brouillet, 2014; Khan et al., 2015). Treatment with 3-NP trigger unintended weight loss and movement
abnormalities, is a hallmark of HD, but our present knowledge is not sufficient enough to evaluate the rate
of disease progression based on extent weight loss (Aziz et al., 2008). The 3-NP model elicits time and
dose-dependent actions by developing hyperkinetic and hypokinetic symptoms, respectively, which
further allow the assessment of the initial (or early) and late phases of HD (Tunez et al., 2010).

The present study highlights the neuronal moiety, which not only fills the void of neuroprotection but
potent enough to be immediately transferred to clinical studies. Along with its active use, filgrastim (a
recombinant form of GCSF) possesses an excellent clinical reputation in concern with the safety profile
for neutropenia patients (Crawford, 2003). Along with its constructive properties to manage survival,
differentiation, and proliferation of hematopoietic system (Mangan & Reddy, 2005; Meuer et al., 2006),
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filgrastim show direct anti-apoptotic action in hematopoietic cells which is appeared to be preserved well
in the neuronal system (Schneider et al., 2005). Moreover, apart from its commendable therapeutic
performance in the model of cerebral ischemia, Alzheimer's disease, and Parkinson's disease, filgrastim
emerge as a new hope in order to treat movement disorders, like HD & TD. Importantly, its favorable
pharmacokinetic profile includes its availability to the brain by penetrating the intact blood-brain barrier
(Schneider et al., 2005). Furthermore, this molecule possesses the ability to inhibit glutamate-induced
excitotoxicity, which is the key pathophysiological feature of both HD & TD (Pan et al., 2010).

Administration of filgrastim attenuate HP & 3-NP induced locomotor impairment. As already known that
systemic administration of HP & 3-NP induces striatal lesions in rats and impair locomotor activity in rats
(Andreassen et al., 1998; Brouillet, 2014). Locomotory impairments and motor deficits are associated with
HP & 3-NP induced excitotoxicity and selective degeneration of GABAergic MSNs of the striatum, whereas
the data from previous studies reflect the neuroprotective profile GCSF (filgrastim) to prevent neuronal
cell death specially MSNs in the striatum (Kutlu et al., 2018; Lee et al., 2008). Moreover, GCSF
administration can improve cognitive impairment in the experimental model of AD and PD (Azmy et al.,
2018; Sanchez-Ramos et al., 2012), which further confirms its protective role in locomotory impairments.
All these studies favor the protective potential of filgrastim against HP & 3-NP induced motor deficits.

Filgrastim attenuate biochemical levels by upregulating bcl-2 and modulating the cellular function of
STAT protein, which ultimately contributes to an increase in the activity of antioxidant defense
mechanism, verified by both elevation in activity of antioxidant enzymes as well as incremental
availability of GSH (Lee et al., 2008). Whereas coadministration of filgrastim with HP (study-1) and 3-NP
(study-2), makes significant improvisation in the activity of antioxidant enzymes such as catalase, SOD,
and GSH, which further underline the potent antioxidant property of filgrastim. G-CSF can effectively
prevent mitochondrial swelling, mitochondrial membrane potential changes, and ROS production in
mitochondria. Further, it rescues the cells from oxidative stress-induced apoptosis, hence potentially
combat HP and 3-NP induced cellular manifestations (Kojima et al., 2011). Our present data is in good
agreement with previous observation reveals free radical quenching property and an increase in
antioxidant enzymes, which established a base to the neuroprotective aspect of filgrastim (Azmy et al.,
2018).

Filgrastim possesses the ability to bind GCSFR after penetrating BBB (Zhao et al., 2007). Data from the
previous study represent the expression GCSFR in the striatal region of the brain (Lee et al., 2008). The
same group claims the GSCF activates signaling pathways, including ERK, Akt, and STAT, which are
effective survival pathways that result in neuroprotection by triggering its anti-apoptotic profile (Lee et al.,
2008). In the present study, treatment with filgrastim provoke improvement in motor coordination,
locomotion activity, and biochemical levels, which is relatable to antioxidants as well as the anti-
apoptotic property of filgrastim and hence show neuroprotective action in striatal region.

Various researcher around the globe is continuously working on the different growth factors as well as on
their recombinant forms to develop a better therapeutic moiety. Although, specifically for TD & HD
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number of growth factors has been studies previously which include BDNF, FGF, erythropoietin (EPO) and
CNTF apart from their active profiles these growth factors have not succeeded yet due to specific
limitation such as preclinical ineffectiveness (Gil et al., 2004), side effects upon repeated administration
(La Spada, 2005) and issues regarding drug delivery to CNS (Shyu et al., 2006). But in contrast to this
filgrastim potentially overcome all these limitatinos and represent itself as a better therapeutic agent by
potentially attenuating HP & 3-NP induced impairment, gate abnormalities and biochemical levels in
brain. Hence, it can be concluded as that filgrastim as an active moiety already in therapeutic use for
other disease, having approved safety profile and its effects studied on CNS seems to be clinically real.
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Tables
Study 1: Haloperidol induced TD
GROUPS TREATMENT
1. Vehicle treated group (Control)
2. Haloperidol (1 mg/kg i.p.) for 21 days
3. Silgrastim (20 mg/kg s.c.) + Haloperidol (1 mg/kg i.p.) for 21 n=6
ays
Y M:F=3:3
4, Silgrastim (40 mg/kg s.c.) + Haloperidol (1 mg/kg i.p.) for 21
ays
5. Silgrastim (60 mg/kg s.c.) + Haloperidol (1 mg/kg i.p.) for 21
ays
6. Filgrastim Per se (60 mg/kg s.c) for 21 days
Table 2.1: Experimental Groups
Study 2: 3-NP induced HD like symptoms
GROUPS TREATMENT
1 Vehicle Control
2 3-NP (10 mg/kg/i.p/day) for 21 days n=6
(10 mg/kg/i.p/day) y P33
3 Silgrastim (20 mg/kg/s.c) + 3-NP (10 mg/kg/i.p/day) for 21
ays
4 Silgrastim (40 mg/kg/s.c) + 3-NP (10 mg/kg/i.p/day) for 21
ays
5 Filgrastim per se (40 mg/kg/s.c)

Table 2.2: Experimental Groups

Study 1: Haloperidol induced TD
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Treat-
ment
group

Control

HP

FG(20)

FG(40)

FG(60)

Per se

S
C

MDA
nmol/mg

protein

3.02+0.61
2.44+0.46
10.27+2.10

a

10.34+1.59

a

9.27+1.25
0.42+0.98

8.44+1.16
b

8.27+0.70
b

7.89%0.65
b

7.96+0.95
b

3.38+1.05
2.93+0.93

Nitrite level
mmol/mg

Protein

126.5+32.96
96.91+17.69

414.5+26.3 2

366.1+44.1 2

382.2+19.5
352.6+18.8
374.1+18.8

344.5+44 1

339.2422.8P

285.3+57.4"

129.2+47.9
126.5+23.7

GSH

pmol
SH/mg

protein)

0.075+0.013
0.069+0.009
0.017+0.012

a

0.014+0.004

a

0.023+0.004
0.020+0.010

0.028+0.008
b

0.031+0.006
b

0.034+0.007
b

0.037+0.008
b

0.071+0.005
0.068+0.007

SOD
unit/mg
protein

5.62+1.27
4.72+0.54
1.34+0.76

a

0.92+0.95

a

1.73+0.86
1.48+0.28
2.52+0.71

2.06+0.95

2.78+0.68
b

2.45%0.46
b

5.17%0.01
4.34+0.47

Catalase (umol of
H,0, decomposed/

min/mg protein)

3.32+0.76
2.94+0.38

0.54+0.382

0.58+0.44°2

0.84+0.47
0.78+0.68
1.18+0.45

1.06+0.48

1.32+0.53P

1.32+0.51P

3.002+0.54
2.59+0.33

Table 3.1.1: Values are expressed as Mean + S.D. Data analyzed by one way ANOVA followed by

Tukey's post hoc test.

ap< 0.001 vs. VC; Pp< 0.05 vs. HP.

Note: S- Striatum; C- Cortex; HP- Haloperidol; FG- Filgrastim; VC- Vehicle control

Study 2: 3-NP induced HD like symptoms
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Treat-
ment
group

Control

3-NP

FG(20)

FG(40)

Per se

S
C

MDA
nmol/mg

protein

0.51+0.12
0.37+0.09
3.83+0.47

a

3.76+0.28

a

2.91+0.28
b

2.97+0.41
b

1.90+0.23
b

2.01+0.29
b

0.64+0.09
0.37+0.12

Nitrite level
mmol/mg

Protein

131.3+29.4
111.8426.9

471.0+28.6 2

435.4+29.7 @

393.3+19.5P

380.3+17.7P

292.0+40.1P

287.4+23.1P

140.6+£15.7
135.7+26.4

GSH

(pmol
GSH/mg

protein)

0.017£0.001
0.016+0.002
0.006%0.002

a

0.009+0.002

a

0.010+0.002

0.009+0.002

0.013+0.001
b

0.013+0.002
b

0.017+0.001
0.016+0.001

SOD
unit/mg
protein

2.67+0.44
2.57+0.43
0.72+0.21

a

0.39+0.13

a

1.36+0.31
b

0.86+0.20
b

1.61+0.36
b

1.57+0.20
b

2.52+0.29
2.78+0.44

Catalase (umol of
H,0, decomposed/

min/mg protein)

1.45+0.10
1.31+0.09

0.87+0.132

0.75+0.102

1.06+0.09

0.94+0.15

1.25+0.13b

1.16+0.14b

1.43+0.07
1.43+0.10

Table 3.2.1: Values are expressed as Mean * S.D. Data analyzed by one-way ANOVA followed by

Tukey's post hoc test.

ap< 0.001 vs. VC; Pp< 0.05 vs. 3-NP.

Note: S- Striatum; C- Cortex; 3-NP- 3-nitropropionic acid; FG- Filgrastim; VC- Vehicle control

Figures
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NMDA receptors
Excitotoxicity
Figure 1

Pathophysiological mechanism behind excitotoxicity in HD and TD
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FG 20 ng/kg FG 40 pg/kg

Figure 2

Open field test by video tracking system (Maze Master 3.0)
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Figure 3

Haloperidol induced TD Effect of filgrastim on body weight in haloperidol treated rat. Data were analyzed
by using one-way ANOVA followed by Tukey's post hoc test. HP: Haloperidol, FG: filgrastim.
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Figure 4

Effect of filgrastim on vacuous chewing movements in haloperidol treated rats. Data were analyzed by
using two-way ANOVA followed by Bonferroni's post hoc test for multiple comparison. ap <0.001 Vs
control, bp <0.05 Vs haloperidol. HP: Haloperidol, FG: filgrastim, VCM: vacuous chewing movements.
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Figure 5

Effect of filgrastim on haloperidol induced facial jerking in rats. Data were analyzed by using two-way
ANOVA followed by Bonferroni's post hoc test for multiple comparison. ap <0.001 Vs control, bp <0.05 Vs
haloperidol. HP: Haloperidol, FG: filgrastim, FJ: facial jerking.

Page 23/33



Ea Control == Halo E3 FG (203 + Halo

20+
I FG (40) + Halo FG (60) + Halo
a
15 i
e L b
= a s %%
= 10 R 7
= b e
: R AN (I
= i %
0 e i F : L BN F
T 14 22
DAYS

Figure 6

Effect of filgrastim on haloperidol induced tongue protrusion in rats. Data were analyzed by using two-
way ANOVA followed by Bonferroni's post hoc test for multiple comparison. ap <0.001 Vs control, bp
<0.05 Vs haloperidol. HP: Haloperidol, FG: filgrastim, TP: tongue protrusion.
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Figure 7

Effect of fillgrastim on Rotarod activity in haloperidol treated rats. Data were analyzed by using two-way
ANOVA followed by Bonferroni's post hoc test for multiple comparison. ap <0.001 Vs control, bp <0.05 Vs
haloperidol. HP: Haloperidol, FG: filgrastim.
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Figure 8

Effect of filgrastim on locomotor activity in haloperidol treated rats. Data were analyzed by using two-
way ANOVA followed by Bonferroni's post hoc test for multiple comparison. ap <0.001 Vs control, bp
<0.05 Vs haloperidol. HP: Haloperidol, FG: filgrastim.
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Figure 9

NP induced HD like symptoms Effect of filgrastim on body weight in 3-NP treated rats. Data analyzed by
one-way ANOVA followed by Tukey's post hoc test, ap<0.001 versus control, bp<0.05 Vs 3-NP. 3-NP=3-

Nitropropinic acid, FG= Filgrastim
& Control B NP A FG (20} + 3-NP (10)

FG (40) + 3-NP (10) 4 FG (40)
£ ()

=N
=
o

Time taken to cross beam(s)

JD-
o 1 1 | 1
1 7 14 21
Days
Figure 10

Effect of filgrastim on time taken to cross beam (s) in 3-NP treated rats (n = 6). Data analyzed by two-way
repeated measures ANOVA followed by Bonferroni's multiple comparison. ap<0.001 Vs control, bp<0.05

Vs 3-NP. 3-NP=3-Nitropropinic acid, FG= Filgrastim
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Figure 11

Effect of filgrastim on No. of foot slips in 3-NP treated rats. Mean + S.D. Data analyzed by two-way
repeated-measures ANOVA followed by Bonferroni's multiple comparison. ap<0.001 Vs control, bp<0.05
Vs 3-NP. 3-NP=3-Nitropropinic acid, FG= Filgrastim
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Effect of filgrastim on rotarod activity in 3-NP-treated rats. Data analyzed by two-way repeated-measures
ANOVA followed by Bonferroni's multiple comparison. ap<0.001 versus control, bp<0.05 versus 3-NPR,
cp<0.05 versus FG 20. 3-NP=3-Nitropropinic acid, FG= Filgrastim
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Figure 13

Effect of filgrastim on active time spent in open field apparatus in 3-NP treated rats. Data analyzed by
two-way repeated-measures ANOVA followed by Bonferroni's multiple comparison. ap<0.001 versus
control, bp<0.05 versus 3-NB, Mean + S.D. ap<0.05 vs control, bp<0.05 vs 3-NP 3-NP=3-Nitropropinic acid,
FG= Filgrastim
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Figure 14

Effect of filgrastim on Passive time spent in open field apparatus in 3-NP treated rats (n=6). Data
analyzed by two-way repeated-measures ANOVA followed by Bonferroni's multiple comparison. ap<0.001
versus control, bp<0.05 versus 3-NP. 3-NP=3-Nitropropinic acid, FG= Filgrastim
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Figure 15

Effect of filgrastim on average speed in open field apparatus in 3-NP treated rats (n = 6). Data analyzed
by two-way repeated measures ANOVA followed by Bonferroni's multiple comparison. ap<0.001 versus
control, bp<0.05 versus 3-NP. 3-NP=3-Nitropropinic acid, FG= Filgrastim

Page 31/33



& CONTROL ' EENT T 2 FG{20) + 3.KP (10)

5000 = N FG (4] + 3-NP (10) A TG a0y
4000 -
-
3 30004 —
=
= ..
2 T
Z 20004
&
10004
0 1 1 1 ]
1 7 14 |
Daws
Figure 16

Effect of filgrastim on total distance travelled in open field apparatus in 3-NP treated rats (n = 6). Data
analyzed by two-way repeated measures ANOVA followed by Bonferroni's multiple comparison. ap<0.001
versus control, bp<0.05 versus 3-NP. 3-NP=3-Nitropropinic acid, FG= Filgrastim
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Figure 17

Effect of filgrastim on number of crossings in open field apparatus in 3-NP treated rats (n = 6). Data
analyzed by two-way repeated measures ANOVA followed by Bonferroni's multiple comparison. ap<0.001
versus control, bp<0.05 versus 3-NP. 3-NP=3-Nitropropinic acid, FG= Filgrastim
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