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ABSTRACT

Introduction: Studies have investigated the neuroprotective effects of either zinc or linoleic acid

but none has investigated the combined effects. Little is known about the behavioural effect of

either zinc or linoleic acid or their combination in the management of Parkinson’s disease.

Aim: This study was designed to investigate the neuroprotective effects of zinc and linoleic acid

in rotenone-induced Parkinsonism in rats.

Materials and Methods: Thirty six young adult female rats weighing 100-150 grams divided

into six groups were used. Rats were induced with Parkinsonism by subcutaneous administration

of rotenone (2.5mg/kg) once a day for seven consecutive days. The rats received DMSO/Olive

oil or rotenone dissolved in (Dimethyl sulfoxide) DMSO/Olive oil. Groups III and IV received

zinc (30mg/kg) or linoleic acid (150pJ/kg) while group V received a combination of both, two

weeks prior to rotenone injection. Groups 11 and VI served as negative (rotenone group) and

positive (Levodopa groups) controls respectively. Measurement and analysis of behavioural

function in rats employed a battery of tests including elevated plus maze (EPM), open field test

(OFT), novel scent and block tests. The oxidative stress levels were assessed by estimating Lipid

peroxidation, Total Antioxidant Capacity, Superoxide Dismutase, reduced Glutathione,

Glutathione Peroxidase and Catalase in the midbrain. Histological examination was done to

assess structural changes in the midbrain

Results: Rats receiving rotenone displayed bradykinesia and motor impairment in the OFT,

anxiety, decrease in olfactory acuity and discrimination in EPM, FST and Novel Scent Test

respectively. In addition, histological examination revealed that parkinsonian rat brains exhibited

neuronal damage. There was a significant reduction in lipid peroxidation and improvement in the

antioxidant status in intervention-treated groups. The significant increase in postural instability,

impaired motor activity/coordination, increase anxiety and the decrease in rearing behaviour

caused by rotenone induction was attenuated significantly by treatment with zinc and linoleic

acid, but not their’combination.

Conclusion: These results suggest that zinc and linoleic acid and their combination showed

significant neuroprotective activity most likely due to the antioxidant effect.

Keywords: Anxiety, antioxidant, olfactory deficit, sensorimotor assessment, ageing
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CHAPTER ONE

INTRODUCTION

1.1 Background

Parkinson’s disease (PD) is a degenerative condition of the neurons that affects diverse brain

regions, namely the red nuclei in the midbrain and brainstem, the cerebral cortex, the olfactory

tubercle, and some parts of the peripheral nervous system (Kalia and Lang, 2015; Muangpaisan,

Hori, and Brayne, 2009). These changes result into motor impairments together with several

non-motor symptoms (Braak et a!., 2004). Parkinsonism is a general term that refers to

neurological disorder that causes movement disorders. These disorders include supranuc lear

palsy, vascular Parkinsonism, dementia with Lewy bodies, corticobasal degeneration and drug

induced-Parkinsonism (Shin and Chung, 2012). The pathophysiology of the latter is related to

drug-induced changes in the basal ganglia motor circuit secondary to doparninergic neuron

destruction (Hirose, 2006). The consequence of nigro-striatal fibre degeneration is a loss of

nerve endings in the striatum which contain tyrosine hydroxylase, and thus a reduced production

of dopamine in the striatum. This produces tremor bradykinesia, rigidity and postural instability

(Flallett, 2014).

The aetiology of PD is considered to be associated with environmental exposures to various

factors and genetic mutations (Elbaz and Tranchant, 2007). Suggested environmental factors

related to the aetiology of PD include exposure to herbicides and pesticides, intake of

contaminated well-water and neurotoxins for example rotenone. Rotenone inhibits the Fe-S

centres in the complex-I of the mitochondrial electron transport chain. The oxidative stress

brings about death of dopaminergic neurons in the substantia nigra pars compacta. This brings

about loss of nigral cells, decreased dopamine production in the striatum and thus deficits in

behaviour (Meredith and Rademacher, 2011). None of these has however been identified as the

one and only causative agent of PD (Elbaz and Tranchant, 2007; Nuti et al., 2004). Genetically,

parkin, LRRK2 and c~-synuclein gene mutations have been described in familial PD in certain

multiethnic populations (Lesage and Brice, 2009). Such mutations however are unusual in

idiopathic early PD, which make up for a greater part of the people suffering from PD (Clark et

al., 2007; Madegowda, Kishore, and Anand, 2005).

Oxidative stress has been suggested as the common underlying mechanism in both sporadic and

genetic cases of PD. This leads to cellular dysfunction (Henchcliffe and Beal, 2008). This maybe
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reason why there is increased levels of oxidized DNA, proteins and lipids (Bosco et al., 2006) in

the substantia nigra of PD patients and low levels of giutathione (GSH) (Zeevalk, Razmpour,

and Bernard, 2008). The initiators of these cascade of processes associated with generation of

oxidative stress in the nigral dopaminergic neurons are thought to be the reactive oxygen species

(ROS) produced during inflammation of the neurons, dysfunction of the mitochondria and

metabolism of dopamine (Hwang, 2013).

Micronutrients and trace elements have been described as key components in the combat against

these ROS and hence the onset and progression of neurodegenerative disorders (Blesa, Trigo

Darnas, Quiroga-Varela, and Jackson-Lewis, 2015). Zinc horneostasis has been implicated in

several processes related to brain aging and the onset and development of age-related

neurodegenerative disorders. Serum Zinc did not significantly correlate with age of onset and

duration of the disease in a study of Zinc status in PD patients (Zawada et al., 2011) suggesting

that Zinc does not play any role. It should however be noted that serum Zinc only represents less

than 1% of total body amount and therefore cannot be used as a reliable method for determining

Zinc status (Prasad, 2012b). Other studies have found that Zinc deficiency accompanies many

cases of PD as shown by significant low levels of Zinc in the cerebrospinal fluid (CSF) of PD

patients. Zinc has been shown to play an important role in protecting doparninergic neurons

against free radicals and toxins from the environment by stimulating metallothionein production

(Samardzic et a!., 20 13).

Another micronutrient essential for influencing signal transduction, neurochemistry, enzymes,

membrane proteins and gene expression is the omega-6 polyunsaturated fatty acids of which

Linoleic acid is the major long chain PUFA (Calon and Cole, 2007). Omega-6 PUFAs also

modulates transmission in cholinergic, serotoninergic and dopaminergic systems. Dopamine

storage vesicle formation have been shown to significantly reduce in prolonged omega-6 PUFA

deficiency (Zimmer et a!., 2000). Omega-6 PUFA is involved in inflammation, neurotrophic

support, and oxidative stress through modulation of expression of genes responsible for that.

Despite all these, the neuroprotective effects of omega-6 PUFA in PD are yet to be investigated

elaborately (Luchtman, Meng, and Song, 2012).

There is therefore the need to investigate the potentials of micronutrients and trace elements

offering protective effects in the brain or slowing down the degeneration processes that occur in

toxin-induced neurodegeneration.
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1.2 Problem Statement

One point eight percent of persons above the age of 60 years have been estimated to be suffering

from PD. Approximately 16-19 cases per 100,000 appear every year (Checkoway and Nelson,

1999). The reported low PD prevalence in Africa compared with the West, reflects a difference

in susceptibility within the African populace (Blanckenberg, Bardien, Glanzmann, Okubadejo

and Carr, 2013). Lack of information, adequate health personnel and facility for proper

diagnosis and underreporting have been attributed to the reported low values (Chaudhuri and

Schapira, 2009). With increase use of antipsychotic and psychostimulant drugs among youths,

there is increase risk of incidence of Parkinsonism, as toxin-induced PD has also been observed

in individuals younger than 40 years (Erro, Bhatia, and Tinazzi, 2015; Morley et al., 2014).

Current treatment of Parkinson’s disease (PD) is based on dopamine replacement therapy, but

chronic administration may cause motor fluctuations and dyskinesias, increased free radical

formation and accelerating neuronal degeneration in some PD patients. Studies in rodents

showed that the Levodopa/carbidopa combined therapy does not offer neuroprotection as well

(Fox and Brotchie, 2014; Vijayakumar and Jankovic, 2016). Several agents have been

investigated for neuroprotection against development of Parkinson disease or for slowing down

the degeneration of dopaminergic neurons (Ojha, Javed, Azimullah, Khair, and Haque, 2015;

Patil, Jam, Ghumatkar, Tambe, and Sathaye, 2014a); none has yet successfully offered

neuroprotection. A combination of a micronutrient (linoleic acid) and a trace element (zinc)

may improve mitochondrial function, preyent oxidative injury, protect dopaminergic cells and

improve behavioural deficits in Parkinsonism.

1.3 Main Objective

The aim of the study is to determine the neuroprotective effects of zinc and linoleic acid against

the development of rotenone-induced Parkinsonism in rats.

1.4 Specific Objectives

1.4.1 To determine the effect of pre-treatment with zinc and linoleic acid and their

combination on the behaviour of rats in rotenone-induced Parkinsonism in rats.

1.4.2 To determine the effect of pre-treatment with zinc and linoleic acid and their

combination on brain antioxidant markers in rotenone-induced Parkinsonism in rats.
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1.4.3 To determine the effect of pre-treatment with zinc and linoleic acid and their

combination on the histopathological changes in the midbrain of rats with rotenone-induced

Parkinsonism

1.5 Research Questions

1. What are the effects of pre-treatment with zinc, linoleic acid or their combination on

behaviour in rat model of Parkinsonism induced with rotenone?

2. What are the effects of pre-treatment with zinc, linoleic acid or their combination on

brain antioxidant status in rat model of Parkinsonism induced with rotenone?

3. What are the effects of pre-treatment with zinc, linoleic acid or their combination on

midbrain histological changes in rat model of Parkinsonism induced with rotenone?

1.6 Justification

Zinc has been used as a protective agent in the management of diarrhoea (Abdullah et al., 2006),

acute lower respiratory infection (Sazawal et al., 1998) and male infertility (El-Tawil, 2003).

Linoleic acid, a nutraceutical has been shown to protect the brain from stroke (Iso et al., 2002)

and dementia (Sydenham, Dangour, and Lirn, 2012), yet their protective effect against the

development of PD has not been investigated. The choice of zinc for its use in PD is motivated

by significant low levels of zinc in the cerebrospinal fluid (CSF) of PD patients in several

studies. Chronic Linoleic acid deficiency significantly decreases formation of vesicles that store

dopamine (Zimmer et al., 2000).

It is known that dysfunction of the rnitochondria and oxidative injury is the basis for

degeneration of neurons in PD; use of modifiers of metabolism may provide alternatives for

early intervention. In order to investigate this, a toxin-induced model of Parkinson’s disease was

used to assess the protective effect of zinc and linoleic acid. Zinc and linoleic acid or their

combination may provide a potential neuroprotective treatment aimed for use as xenobiotic

interventions to slow the progressive nature of PD.
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1.7 Conceptual Framework

Independent Variable
Dependent Variable

________________________________ (Outcome_Variable)
e Received rotenone only Parkinsonism
~ Pre-treated with Zinc ? Brain antioxidant status

~ Pre-treated with Linoleic ? Behavioural activity
acid ? Midbrain histology

~ Pre-treated with Zinc and
Linoleic acid

• Treated with Levodopa after

induction

r Parkinsonism induction with
I rotenone
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1.7.1 Description of the conceptual framework

Rats pre-treated ~vith zinc, linoleic acid or their combinations for a peribd of time were then

challenged with a toxin that induces Parkinsonism in rats. The brain antioxidants status in

normal rats, as indicated by the levels and activity of antioxidant markers served as control and

were considered to be in normal ranges. Behaviour was assessed by assessing locomotor

activity, anxiety and olfactory function. Induction of Parkinsonism by administration of rotenone

decreases the brain antioxidant status in untreated rats. Pre-treatment of rats with zinc and or

linoleic acid may improve the brain antioxidant status and behavioural deficits. Treatment with

Levodopa improves locomotor activity, brain antioxidant status, but not all of the behavioural

parameters.

1.8 Scope of study

This study which involved the investigation of the neuroprotective effects of zinc and linoleic

acid in laboratory rats induced with Parkinsonism using rotenone was carried out in a time span

of 3 weeks from February lO~ to March 5h1~, 2017. The study set-out to investigate the

behavioural effects on living rats and biochemical and histological effects on isolated rat brain.

The brain region used for biochemical and histological assessment was the midbrain.

Behavioural assessment was limited to only locomotor, anxiety and olfaction (detection and

discrimination).
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CHAPTER TWO

LITERATURE REVIEW

2.1 Parkinson’s Disease and Parkinsonism

Parkinson’s disease is a common neurodegenerative disease first described in 1817 by James

Parkinson (Parkinson, 2002). Bradykinesia, rigidity, tremors at rest and postural instability have

been observed as hallmark clinical features (Halliday et al., 2006). Despite these prior

descriptions, the causation of PD is still unclear. Several genes implicated in familial forms of

PD (which are rare) have been identified in the last many years (Veeriah et a!., 2010). This has

revealed new patlv~vays and proteins that may produce degeneration of the dopaminergic neurons

and also a clinical Parkinsonian syndrome. Parkinsonism is a general term that refers to

neurological disorder that causes movement disorders. These disorders include supranuclear

palsy, vascular Parkinsonism, dementia with Lewy bodies, corticobasal degeneration and drug

induced-Parkinsonism (Shin and Chung, 2012). The pathophysiology of the latter is related to

drug-induced changes in the basal ganglia motor circuit secondary to dopaminergic neuron

destruction (Hirose, 2006). It should be noted that the preclinical phase of PD appears quite long

even before the degeneration of dopamine producing neurons in the substantia nigra (Braak et

a!., 2004), suggesting that assessment of symptoms within this phase can increase knowledge of

the disease process.

2.2 Behavioural Deficits in Parkinson’s disease

The diagnosis of PD is usually never until over 80% of the dopaminergic neurons in the striatum

are lost (Kalia and Lang, 2015). Decrease dopamine levels in the striatum follows death of

neurons in the substantia nigra pas compacta (SNPc). This decrease in dopamine levels results in

a loss of voluntary movements. The appearance of tremors, rigidity, bradykinesia and po~tural

instability have been a large part of the basis of behavioural testing in rodent models of PD

(Chaudhuri and Schapira, 2009). The appearance of non-motor symptoms (nausea, depression,

olfactory disturbance, anxiety) in PD patients well before the motor symptoms has greatly

influenced the modelling of PD in animals.
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2.2.1 Motor Deficits in Parkinson’s disease

PD is an age-related progressive neurodegenerative disease that manifest clinically with tremor

at rest, bradykinesia, rigidity and postural instability as cardinal motor manifestations (Kalia and

Lang, 2015). Following degeneration of dopaminergic neurons in the SNPc that project into the

striaturn, several biochemical and electrophysiological changes can be predicted. Many of these

changes have been confirmed by findings obtained from in vivo and in vitro animal models and

humans (Goldman and Postuma, 2014a). Progressive neurodegeneration also impact non

doparnine neurotransrnitter systems such as cholinergic, noradrenergic, and serotonergic systems

(Wright and Harding, 2012) and their overall effect is to decrease motor activity. These classic

signs are not presented by every patient all at the same time. Muscle stiffness or motor weakness

is often the first signs, followed by postural instability and tremors. There are often risks of

rniscliagnoses which are done on the basis medical history and neurologic examination (Suttrup

and Warnecke, 2016). Tremor at rest which occur in approximately 70% of PD patients is one of

the most common characteristic features (Hallett, 2014). A prolonged absence of tremor in

patients may be suggestive of signs of parkinsonism such as degeneration, multiple system

atrophy, supranuclear palsy and others (Martinu and Monchi, 2013). Rigidity is stiffness in the

skeletal muscles often appreciated on examination and is detected as a resistance to passive

movement of the limbs. Bradykinesia which can be observed in the absence of limb rigidity

refers to a slowness and paucity of movement. Postural instability is the most potentially

dangerous, because it can lead to falls with resulting fractures (Politis and Niccolini, 2015).

2.2.2Anxiety

Approximately 40% of patients with PD are anxious or depressed. The reason for this is however

poorly understood (Cummings, 1992). Depressed PD patients have been observed with

corresponding loss of noradrenergic and serotonergic projections (Gjerstad, Alves, Wentzel

Larsen, Aarsland, and Larsen, 2006). Mood fluctuat’ions observed in PD patients have also been

observed to occur independent of motor deficits and are often improved by medications used for

managing PD (Czernecki et aL, 2002; Poewe, 2008). Anxiety-like behaviours have been

measured effectively in rats using light-dark exploration, open field test and the elevated plus

maze (EPM) (File, Baldwin, Johnston, and Wilks, 1988; Paine, Jackman, and Olmstead, 2002).
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2.2.3 Olfactory Disturbances

Disturbances in sense of olfaction are one of the earliest non-motor symptoms observed in PD.

Deficits in odour detection, differentiation, and identification have been observed in PD patients

(Doty, 2012; Tissingh et a!., 1998). The buried pellet test has been used to measure general

olfactory function in rodents. This test relies on the rodent locating an object that is hidden, most

often a food pellet; by odour and measuring the time an animal that has been restricted from

food takes to find the food pellet (Fleming et al., 2008; Nathan et al., 2004). The rodent’s ability

to discriminate between odours is crucial for feeding, social communication and mating

organization. It is also crucial for the processes of learning and memory related with these

behaviours (Mackay-Sirn and Dreosti, 1989). The block and novel scent tests have been used to

measure olfactory discrimination and acuity which are simple ways to quantify time spent

sniffing/exploring a new odour (Doty, Shaman, Kimmelman, and Dann, 1984a; Goldman and

Postuma, 2014). Disturbances in the sense of olfaction occur in a similar frequency to resting

tremor and are not responsive to dopaminergic therapies. Behavioural testing of olfactory

disturbances can ease earlier detection of PD, since deficits in olfaction has been positively

linked with an high risk of developing PD (Doty, 2012).

2.3 Oxidant and Antioxidant Imbalance in Parkinson’s disease

Animals as well as humans metabolize biofuels using oxygen which has the potential of being

part of damaging molecules called free radicals. These molecules attack healthy body cells and.

have been involved in the pathogenesis of several diseases (Ames, Shigenaga, and Hagen, 1993).

The body however has a natural defence system called the antioxidant system that wards off the

oxidant system triggered by these free radicals. When the oxidant assault, to the body

overwhelms this inherent antioxidant system, damage sets in. This damage is cumulative.

There is evidence of the interaction between environmental toxins and internal toxins arising

from normal metabolism and genetic components (Parron, Requena, Hernandez, and Alarcon,

2011). Oxidative stress is a major intermediary factor that could initiate neurone degeneration or

its progression.

Studies conducted in PD patients showed increased levels of superoxide dismutase and lipid

peroxidation, decreased glutathione levels with no change in glutathione reductase and

glutathione peroxidase (Sharma, Kaur, Kumar, Prabhakar, and Gill, 2008; Vinish, Anand, and

Prabhakar, 2011). Sharma and collaborators (2008) observed significant levels of plasma
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thiobarbituric acid and nitric oxide but significantly low levels of superoxide dismutase (SOD),

glutathione reductase (GPX), Catälase (CAT), selenium, copper and zinc in PD patienfs in

comparison to the control subjects. The conclusions of their study suggested that increased

oxidative stress plays a vital role in loss of doparninergic neurons in the SNPc and thus in the

pathogenesis of PD.

Evidence suggests that damage to the nigral neurons by free radicals which are very cytotoxic

are generated under normal and pathological conditions (Jenner and Olanow, 2006; Simonian

and Coyle, 1996). The most common cellular free radicals are hydroxyl radical (OH.),

supcroxide radical (02 ~), and nitric oxide (NO.). Exposure of cell membranes to these free

radicals stimulates the process of lipid peroxidation. The various classes of macromolecules are

vulnerable to attack by these cytotoxic free radicals but lipids are the most susceptible. Cell

membranes are rich sources of fatty acids, which are prone to attack by free radicals, whose

destruction is most damaging as once begin it proceeds in a self-perpetuating chain reaction (
Sharma et at., 2008).

Oxidative stress in PD patients may be as a result of diminished efficiency of endogenous

antioxidant systems. We should note that under normal conditions, the continuously produced

free radicals are always combated by antioxidant enzymes of which SOD, CAT and GPx are the

major ones present in the body. SOD catalyses the breakdown of superoxide anion to 02 and

H2O2. Peroxides are also destroyed by GPx or CAT reactions (Fridovich, 1995; Sun et at., 1995;

Teixeira, Schumacher, and Meneghini, 1998).

CAT reacts with H202 to form H2O and 02 and with H2 donors. CAT protects cells from 1-1202

generated within them by detoxifying them. On the other hand, GPx uses reduced GSH to reduce

H2O2. The cells are thus protected against. The metabolism of glutathione has been described as

the most vital defence mechanism in combat against oxidants (Grazioli et at., 1998; Rikans and

Hornbrook, 1997; Sigalov and Stern, 1998).

2.4 Rotenone Model of Parkinsonism

An ideal PD model will be one that reproduces all relevant pathological and clinical features. It

should be one that can produce the progressive pattern of PD as occurs in humans. There is

hardly any of such in an animal model, notwithstanding, the rotenone model stands out in the

modelling of PD pathogenesis (Liu, Li, Yang, and Smith, 2013) . In rotenone model, inhibition

of complex I in the mitochondrial respiratory chain; produces selective degeneration of
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nigrostriatal dopaminergic neurons. This reproduces to variable extents key pathological features

of clinical PD (Fleming eta!., 2004).

Due to its mechanism of action, the Rotenone rat model is useful for studying dysfunctions of

the mitochondrial dysfunction in toxin-induced Parkinsonism (Dauer and Przedborski, 2003;

Dawson and Dawson, 2003). Administration of Rotenone affects several of the pathways

including: Lewy pathology, phosphorylation and aggregation, proteasomal dysfunction,

oxidative stress and alpha-synuclein accumulation (Greenamyre, Betarbet, and Sherer, 2003;

Sherer et a!., 2003; Sherer, Betarbet, and Greenamyre, 2005). Variability in the percentage of

animals that develop lesions in the dopaminergic neurons in the SNPc and striatum has been a

major limitation of the Rotenone model (Cannon et a!., 2009).

2.5 Zinc and Neurodegenerative disorders

Zinc is very essential in the formation, development and functioning of the brain. Its role as a co

factor in enzymes, and stimulation of several genes have been linked to processes involved in

neurotransrn ission, and metabolism of dopamine (Prasad, 201 2a). Glutamatergic neurons have

been shown as zinc abundant neurons in the brain. These are majorly found in the prefrontal

lobe. The synthesis of metallothionein which has been described to acting as a scavenger of free

radicals and metals was shown to be stimulated by zinc (Samardzic eta!., 2013).

The physiological functions of zinc may thus occur through the action of metallothionein.

Besides being synthesized in response to zinc changes it also modulates the expression of zinc-

dependent genes activating the antioxidant enzymes system(Bastianetto and Quirion, 2004). Low

levels of zinc have been implicated in several behavioural deficits including hyperactivity, jitters

anorexia and depression (Mocchegiani, Malavolta, Marcellini, and Pawelec, 2006).

2.6 Neurological Effects of Omega-6 PUFA

Visual function and development of the central nervous system have been tied to available

sufficient amounts of polyunsaturated fatty acid (PUFA). They also play key roles in

neurotransmissions in the cholinergic, serotoninergic and dopaminergic systems. It has been

observed that in conditions of prolonged omega-6 PUFA deficiency, the formation of storage

vesicles for dopamine (Zimmer et a!., 2000), and dopamine levels in the rat cortex in decreased

(Delion et a!., 1994). Supplementation of the rats described in the study of Delion eta!. (1994),

increased dopamine levels in the rat frontal cortex area. Despite all these, sufficient evidence
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describing the function of omega-6 PUFA in PD treatment has been lacking (Luchtrnan et a!.,

2012).
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CHAPTER THREE

MATERIALS AND METHODS

3.0 Study design

This was an experimental study which used laboratory rats with rotenone induced Parkinsonism

as a model to evaluate the protective effect of zinc and linoleic acid.

3.1 Materials and Methods

Thirty six young adult female rats weighing 100-150 gms (Patil, Jam, Ghumatkar, Tambe, and

Sathaye, 2014b), and 8-12 weeks of age (as these are 1-2 fold more sensitive to rotenone) were

used (Gupta et a!., 1986). They were obtained from the animal house Department of

Biochemistry and Physiological Sciences, University of Yaounde I, Cameroon and acclimated

in a room at temperature of 25 ± I °C (Hawkins, 2002). The rats were housed with ad libituin

access to water and food. All rats received the same batch food prepared by the animal house

coordinator. The rat food had the following composition: cornmeal (60%), corn (10%), boiled

and dried soya beans (12.8%), fish (12%), bones (1.3%), palm oil (3%), vitamin complex (0,1%)

and cooking salt (0.8%).

The animals were grouped into six groups of 6 rats each as follows:

Group I served as the normal control and received Olive oil/Dimethylsulphoxide

(DMSO) (which was the vehicle used) once a day through the study period of 3 weeks.

Group II served as the negative control and as described by Fujikawa et a!. (2005) and

Ojha et a!. (2015) received 2.5mg/kg of rotenone subcutaneously once a day

consecutively for the last seven days of the study.

Group III received zinc~(30 mg/kg b.w.) according to Partyka, Jastrzebska-Wie~ek, and

Nowak (2010) and Anna Partyka et a!. (2011) orally for 3 weeks in drinking water once

per day and rotenone (2.5mg/kg) once a day for the last seven consecutive days.

Group IV received a daily dose of linoleic acid (150~ig/kg) subcutaneously for 3 weeks

as described by Becalski, Feng, Lau, and Zhao (2012) once per day and rotenone

(2.5mg/kg) once a day for the last seven consecutive days.

Group V received both Zinc (30mg/kg) and Linoleic acid (lSOjig/kg) orally and

subcutaneously once per day for 3 weeks respectively and rotenone (2.5mg/kg) once a

day for the last seven consecutive days
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Group VI served as a positive control and received Sinemet ® (Levodopa/Carbidopa

IOOmg/25rng) (6mg/kg) orally once per day ~according to Shi et al. (2015) with rotenone

(2.5mg/kg) once a day consecutively for seven days.

Induction of Parkinsonism by Rotenone

The rotenone solution was first prepared as a 50X stock in 100% DMSO by dissolving 125mg of

rotenone in 1 ml of DMSO. From the stock solution (125 mg/mI), 40111 was then diluted in 1960

ltl of olive oil. The solution was vortexed to create an emulsion of the DMSO containing

rotenone and Olive oil. Fresh solution was prepared every 2-3times in a week. Rotenone is

sensitive to light, so it was stored in small vials and protected from light by wrapping the vials

with foil papers and kept in refrigerator. Before administering the rotenone solution to rats, the

vials were inverted several times or vortexed to obtain a uniform mixture with the DMSO/Olive

oil. Each rat received a volume of 1 mI/kg of Rotenone and normal control animals received the

vehicle only (Olive oil/DMSO) (Ojha et al., 2015).

3.2 Methodology for Objective One

3.2.1 Behavioural Assessment

Behavioural function in rats was measured using a series of tests including; the elevated plus

maze which assessed anxiety behaviour, open field test assessed exploration and locomotor

ability as well as anxiety. The novel scent and block tests assessed olfactory acuity and olfactory

discrimination. Data collection instruments included stop watch timer, video recorder, cages, and

vanilla syrup, small blocks, elevated plus maze and wooden open field box.

3.2.2 Locomotor Assessment

The Open Field Test provides a means for measuring exploration, locomotion and anxiety in

rodents (Walsh and Cummins, 1976). The dimensions of the open field maze were 72 x 72 cm

with 36 cm walls. The large open field was used for measuring exploration as well as

locomotion.

Rats were exposed to the apparatus for 5 minutes for 2 days consecutively to assess habituation

to the new environment. Rats were placed into the centre or at the corners and were allowed to

explore the space for 5 minutes. According to Stanford (2007) the behaviours scored include:

latency of movement initiation, which indicates the time taken for the rat to initiate mobility
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when introduced into the field and is a measure of the rat’s exploration; the ambulation

frequency, recorded as line crossing, is the number of times the rat crossed each of the lines on

the open field with all four limbs. Rearing is the number of times the rat stood on their hind legs

in the open field, was used as a measure of movement activity, but is also a measure of

exploration and anxiety. Grooming is a displacement behaviour a rodent expresses in a new

environment and is measured as the time an animal spends scratching or licking itself Freezing

is the time period in which the rat was completely not in motion.

The ambulation and rearing frequencies were used as measures of locomotor activity, but also

measures of exploration and anxiety (Carola, D’Olimpio, T3runamonti, Mangia, and Renzi, 2002;

Gould, Dao, and Kovacsics, 2010). Grooming and freezing were used as measures ofexploration

and anxiety. The horizontal movement (ambulation frequency and freezing) and the vertical

movement (rearing frequency) were registered (Paniz et a!., 2014; Stanford, 2007).

3.2.3. Anxiety Assessment

Anxiety assessment was done using the elevated plus maze (Hogg, 1996). The time spent in the

open and closed arms are assessed by this test and are used as measures of anxiety. Behaviour in

this task reflects a conflict between the rodent’s preference for protected areas and their innate

motivation to explore novel environments. The elevated plus maze relies upon the rat’s

inclination toward dark, enclosed spaces and a natural fear of heights and open spaces (Carola et

a!., 2002; Hogg, 1996; Holmes, Pannigiani, Ferrari, Palanza, and Rodgers, 2000).

Figure 2: Showing picture of open field apparatus



The elevated plus maze (EPM) apparatus was made locally by the researcher according to

specifications of Hogg (1996) ~5ihich consisted of two open arms without walls and twO arms

closed by walls about 30cm high. The arms are 50 cm long and 10 cm wide. Each rat was placed

at the junction of the four arms and number of entries and the total duration of entries into each

arm were recorded for 5 minutes. The maze was cleaned with 70% alcohol and dried. The

behavioural parameters recorded were: numbers of entries into the open and closed arms; time

spent in the open and closed arms. Open arm time was used as an index of anxiety-like

behaviour, while number of entries in closed arms was considered as a measure of locomotor

activity (Guimarâes, Chiaretti, Graeff~, and Zuardi, 1990). A rat was considered to have entered

an arm when all its four paws were on that arm.

3.2.4 Assessment of Olfactory Acuity

Disturbances in sense of olfaction are one of the earliest non-motor symptoms observed in PD

patients. This include deficits in odour detection, differentiation, and identification (Tillerson et

at., 2006). Olfactory acuity was measured using the novel scent test which is a simple way of

quantifying time spent sniffing a new odour (Doty et al., 1984a; Doty, 2012). Each rat was

presented small quantities of vanilla and water simultaneously (Taylor et al., 2009a). Time spent

sniffing each odour was recorded for a three minute session. Time spent sniffing the vanilla

indicated a functional olfactory system to detect new odours. The frequency of sniffing also

indicated the exploratory ability to novelty.

3.2.5 Assessment of Olfactory Discrimination

The block test was used to evaluate the ability of rats to discriminate between social odours,

specifically self and non-self (Taylor et at., 2009b; Tillerson et al., 2006). Each rat was

presented with a block smeared with its own bedding and a block smeared with faecal matter of

another rat of the same sex. T.he time spent in contact with each block was recorded for a two

minute period (Tillerson et at., 2006). More time spent sniffing the bedding of another rat

indicates social attraction, cohesion and novelty, all which points to the rat’s ability to

discriminate between self as well as social groups. This ability is crucial for feeding, social

communication and mating. It is also crucial for the process of learning and memory that are

come along with these behaviours.
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3.3 Methodology for Objective Two

3.3.1 Brain tissue Processing

At the end of the experiment, the rats were fasted overnight and humanely sacrificed by cervical

dislocation without anaesthesia. The whole brain of each rat was rapidly dissected, removed and

rinsed in ice-cold isotonic saline. The whole brain was weighed and immediately the midbrain

region was isolated and this isolated brain section was used for further investigations. Portions of

the midbrain were removed to use for histological assessments. The remainder midbrain tissues

were homogenized with ice-cold 0.1 M phosphate buffer saline (pH 7.4). Tissue homogenate

(10% w/v) was prepared in 50 mM phosphate buffer saline (p1-I 7.4) using a Symphony type

Eperndorff homogenizer. The brain homogenate was centrifuged at 2,000g for to mm at 4°C.

The pellet which contained debris and nuclei was discarded. The supernatant was then again

centrifuged at 12,000g for 20 mm to obtain post mitochondrial supernatant. The supernatant was

kept at —80 °C until determination of the levels and activity of oxidative stress markers (Kaur,

Chauhan, and Sandhir, 2011)

3.4 Brain Oxidative Stress Marker Assessments

3.4.1 Brain Lipid Peroxidation

The method described by Stocks, Gutteridge, Sharp, and Dormandy (1974) was used to measure

lipid peroxidation. A coloured complex called thiobarbituric acid reactive substance is formed

from a reaction of malondialdehyde and thiobarbituric acid. The complex was assayed

spectrophotometrically at 532 nm and expressed in micro moles.

3.4.2 Brain Total Antioxidant Capacity

The Ferric Reducing Antioxidant Power (FRAP) was used as a method of measuring the total

antioxidant capacity of the homogenate (Benzie and Strain, 1996). This method determines the

capacity of the homogenate to reduce ferric iron to ferrous iron at a pH of 3.6. A deep blue

coloured compound of ferrous tripyridyltriazine (TPTZ-Fe-2+) is formed as a result of the

reduction of ferric tripyridyltriazide (TPTZ-Fe3+). The absorbance was measured at 593nm and

the results were expressed in micromolar.

3.4.3 Brain Reduced Glutathione

The method of Boyne and Ellman (1972) was used to estimate the level of reduced GSH in the

brain homogenate. To precipitate the tissue proteins in the homogenate, it was mixed with 0.1 M
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phosphate buffer (pH 7.4) and then added to equal volume of 20 % trichioroacetic acid

containing 1 mM EDTA. The mixture stood for 5 mm before it was centrifuged for 10 mm at

2000 rpm. The supernatant was then transferred to a new set of test tubes, to which was added

1.8 ml of the Elimans reagent (5, 5’-dithio bis2-nitrobenzoic acid). The reaction mixture was

measured at 412 nm against blank.

3.4.4 Brain Superoxide Dismutase Activity

The method of Misra and Fridovich (1972) was used to assay the activity of superoxide

dismutase. The method is based on the principle that super oxide inhibits the oxidation of

adrenaline to adrenochrome. Each 3-mi of the reaction mixture contained 0.1-rnl tissue

homogenate, 2.8 ml of Potassium phosphate buffer (0.1 M, pH 7.4), and 0.1-mi pyrogallol

solution (2.6 mrvl in 10 mM HC1). The pink product formed, adenochrome was detected in a

spectrophotometer at 480 nm. The results were expressed as units/mg protein.

3.4.5 Brain Catalase Activity

The method of Sinha (1972) was used to assay catalase activity. A volume of 0.5 ml of the

homogenate was added to the reaction mixture which contained irni of 0.01 M phosphate buffer

(p1-I 7.0), 0.5 ml of 0.2 M 1-1202, and 0.4 ml H20. The tubes were all heated at 95 °C for 10

minutes. To terminate the reaction, 2ml of dichromate/acetic acid mixture was added to it. To the

control, the homogenate was added after the addition of acid reagent. The absorbance was read

at 570 nm, the enzyme activity was expressed as micromoles of H202/ mm/mg of protein

3.4.6 Brain Glutathione Peroxidase

A colorimetric assay kit was used to assay the activity of glutathione peroxidase (GPx) (Sigma-

Aldrich, Germany). This test is based on the principle that reduction of organic peroxide by

glutathione peroxidase produces oxidized glutathione which is immediately converted to its

reduced fo~m (GSH) at the same time oxidizing NADPH to NADP-i-. The oxidation of NADPH

was monitored spectrophotometrically using as a decrease in absorbance at 340 nm (Gala~yn

Sidorczuk, Brzóska, Rogalska, Roszczenko, and Jurczuk, 2012).

3.4.7 Total Brain Protein

Quantitative estimation of brain homogenate total protein was carried out according to the Biuret

method Gomall, Bardawill, and David (1949). This was done in order to quantify the

concentration of proteins in the samples.
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3.5 Methodology for Objective Three

3.5.1 Light microscopic examination

Small sections of each midbrain from the normal control and the various treated animals were

fixed on 10% paraformaldehyde to assess for histological changes. Thin frozen brain sections of

30!Im from were obtained using microtome. The tissues were dehydrated in ascending grades of

alcohol following fixation, and were then embedded in wax. Approximately 5-7 ~tm thick

paraffin sections were cut and then subjected to hematoxylin—eosin staining as described by

Fischer, Jacobson, Rose, and Zeller (2005). Appearances of necrosis, apoptosis, size and

quantity of cells were observed. The prepared slides were sent to the histopathology Department

of the University of Yaounde, 1 Teaching Hospital for specialist observation and interpretation.

3.6 Statistical Analysis

Data of all the results was presented as mean ± SEM in tabular and graphic forms (bar graphs).

The analysis of all the studies was done with the help of a one-way analysis of variance

(ANOVA) followed by Tukey’s test, to test the difference in means. Difference was considered

statistically significant at the 95% confidence interval when compared with the rotenone group

(Armitage, Berry, and Mathews, 2002). Graph pad Prism 6 software was used for statistical

analyses program.

3.7 Ethical considerations

The ethical regulations were applied such that the anii~als suffered minimum pain at any stage

of the experiment and the study was carried subject to approval by the Ethics Committees of

Kampala International University Western Campus, Uganda and the University Of Yaounde 1

Cameroon. The animals were housed and acclimated in an animal house with room temperature

of 25 ± 1°C (Stokes, 2002) with alternating cycles of night and day. To reduce variation and

increase power of the experihient animals were housed in cages with fewer animals per cage.

They were then randomly assigned to the treatment groups in order to reduce the possibility that

one group had a different environment or was treated differently from another group. Animals

were identified by their number rather than by their treatment groups (Festing and Altman,

2002).

Handling and restraining of the rats was carried out to ensure that the rats do not associate

handling and restrain to stress and pain and thus react aversively. The animals were grasped

gently at the base or center of the tail and placed on a surface such as the wire cage top or lid.
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The rational was to avoid smooth surfaces as they might behave much more calmly if they have

firm footing (Welfare, 2002). Subcutaneous injeëtions were performed while holding the rat in

the dorsal recumbent position and inserting the needle in a position below the skin; left or right

of the midline, with the angle the needle approximately 45° to the body. Cervical dislocation in

unanesthetized rats was used as the method to euthanize the animals and followed laid down

guidelines according to AVMA Guidelines on Euthanasia (Leary, Underwood, Anthony, and

Cartner, 2013).

3.8 Limitations

Financial constraints limited the study to only a few parameters among those known to assess

behavioural impairment and oxidative and antioxidant status in PD. Dopaminergic

neurodegeneration is best evaluated by using Nissl staining and tyrosine hydroxylase (TH)

positive cells in SNpc using immunohistochemistry, however due to limited resources these

were not conducted. The variability in the parameters assessed due to changes in the estrous

cycle of the rats could not be accounted and corrected. The study did not confirm the presence or

absence of Lewy bodies which is a neuropathological hallmark of Parkinsonism. The inability to

determine the blood levels of zinc and linoleic acid before initiating intervention limits the study.

The absence of a baseline level or amount of zinc and linoleic acid in the blood and brain tissue

of the rats limits objective quantification of the right doses of zinc and linoleic acid to administer

to the rats. The amount of zinc and linoleic acid in the rat food would have also influenced the

final amount of zinc and linoleic eventually administered.
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CHAPTER FOUR

RESULTS

4.1 Observations of effects of rotenone treatment

4.1.1 Motor responses

In this present study, subcutaneous administration of rotenone (2.5 mg/kg) to rats consecutively

for 7days produced functional deficits in the form of postural instability and bradykinesia in the

open-field test and anxiety-related behaviors in the elevated plus maze. This was accompanied

by histological changes and biochemical alterations in the neurons in the midbrain

4.2 Percentage Survival

Repeated treatment of rats in this study with rotenone resulted in morbidity and mortality in rats.

Death began occurring from the 4th day of administration of rotenone. The percentage survival of

rats at the end of the experiment was found to reach 83% (5 out of 6). Death of rats occurred in

the rotenone (01), zinc and Linoleic (01) and levodopa group (01). The survival of rats was not

improved by treatment with Zinc and Linoleic acid as compared to rotenone group. From day 3,

some animals showed severe weakness, apparent weight loss and locomotive inability. Animal

death could be associated with the cardiotoxic and dysautonimic effects of rotenone (Sherer et

al., 2003). Rats that died during the course of the experiment were excluded from statistical

analysis.

4.3 Behavioral Assessment

The behavioural impairments caused by rotenone administration were improved by treatment

with Zin~, Linoleic acid or their combination to varying degrees.

4.3.1. Locomotor Assessment

There was a significant decrease in the locomotor activity, expressed by decrease in ambulation

and rearing frequencies, in case of rotenone group when compared with normal control (vehicle)

group (P <0.05) (Table 1). The findings of each of the indicators of motor function assessed by

performing the open field test are presented below.
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Table 1: Showing effect of Zinc and Linoleic acid and their combination on parameters of
open field test

Freezing Grooming Rearing
~ Ambulation duration Duration

GROUPS Latency Freg (seconds) (seconds)
4.200 1.400 1.600

Vehicle(N=6) ±0.3742 41.80±11.25 ±0.8718 ±0.6782 8.800±2.871
47.60 7.800 0.8000

Rotenone (N=5) ±5.802a 12.80 ±4.352a ~g~j~J5g3~f ±1.241a ±o.~ooo~
6.000 71.20 1.200

Zinc (N=6) ~05477b ±3,455* 0.0 ±0.0* ~03742b 20.60± 2.182*
10.40 5.000

Linoleic Acid (N6) ~0,7483b 35.40± 2.358 0.0 ±0.0* ±0.6325 12,60±1.122*
Zinc + 9.200 2.200
Linoleic Acid (N~5) ~1,934b 37,00 ±2.098 0.0 ±0.0* ~020b 4.800 ±1.655

12.00 0.6000 1.200
Levodopa ~N=5) ~0~9487b 34.60 ±6.997 ±0,6000* ~03742b 2.000 ±0.5477

Results are expressed as mean ± SEM. a, p~O.O5 compared to vehicle group; b, pEO.05 compared to rotenone

group;* p~O.OOOl compared to rotenone group; c p~O.OOO1 compared to Zinc + Linoleic acid; d p~O.OOO1

compared to Levodopa; f, p~O.OOO1 compared to vehicle group
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4.3.1.1. Latency of movement initiation

Rotenone-treated rats showed increas’ d (4~.200 ±0.3742 to 47.60 ±5.802) latency as compared to

the normal control rats (p<O.OS). Zinc, Lmoleic acid and their combination reduced the latency

time as compared to rotenone-treated group~ (p<O.05). The effect of Linoleic acid was also

significantly higher when compared to vehicle group (p~O.O5, Table land Figure 3). The effect

of zinc, Linoleic acid but not ‘~ieift~ ~mbination on latency was significant when compared to

levodopa. All three interventions were not significant when compared to the normal control rats.
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a, p≤O.000I compared to vehicle group, * p≤O.000I compared to rotenone group

Figure 3: Effect of Zinc, Linolek~’ acid aiid their combination on the latency for initiation of
movement by rats
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4.3.1.2. Ambulation frequency

The present study showed a significant reduction in frequency of ambulation (41.80 ±11.25 to

12.80 ± 4.352) in rotenone group as compared to the normal control group (Figure 4). Zinc.

significantly increased the ambulation frequency as compared to rotenone group (p<0.000 1).

Neither Linoleic acid nor the combination of zinc and linoleic acid significantly increased the

ambulation frequency compared to the rotenone group (p>0.05, Table I and figure 4). The effect

of zinc was significantly higher when compared to Linoleic acid, the combination and levodopa.
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Figure 4: Effect of Zinc, Linoleic acid and their combination on the ambulation frequency of
rats
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4.3.1.3. Freezing Duration

The duration of inactivity recorded as the freezing was significantly higher in rotenone-treated

animals as compared to normal control (1.400 ±0.87 18 to 6.800±0.5831). Treatment with Zinc

and Linoleic acid and their combination significantly reduced the freezing duration in

comparison to the rotenone group (p~O.OOOl, Table I and Figure 5)
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Figures: Effect of Zinc, Linoleic acid and their combination on inactive sitting duration of
rats.
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4.3.1.4 Grooming Duration

Rotenone-treated rats showed increased grooming duration as compared to the normal control

group (1.600 *0.6782 to 7.800 ±1.241). Zinc and their combination but not Linoleic acid alone

significantly decreased the grooming duration as compared to rotenone group (p<O.000I and

p<O.O5 respectively, Table 1 and figure 6).
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Figure 6: Effect of Zinc, Linoleic acid and their combination on the grooming duration of
rats.



4.3.1.5. Rearing frequency

The rotenone group showed significantly lower frequencies in rearing compared to the vehicle

group (p<0.000 1) (Table 1 and figure 7). In addition, the current results indicated that zinc and

linoleic alone but not their combination significantly increased the rearing frequency as

compared to rotenone group (p~0. 0001 and p<O.05 respectively). The effect of zinc (p<O.000 1)

and linoleic acid (p<O.O5) on the rearing behavior was significantly higher when compared to

levodopa.
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~, p~O.OOO1 compared to rotenone group; b<0.05 compared to rotenone group

Figure 7: Effect of Zinc, Linoleic acid and their combination on rearing frequency of rats.
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4.3.2 Anxiety Assessment

In the elevated plus maze, the rotenone-treated rats significantly spent less time in the open arm

compared to the vehicle-treated group (52.40 ± 9.626 to 15.00 ± 2.775) (p<O.05, Table 2). Zinc

but not Linoleic acid or their combination significantly increased the number of entries into the

open arms of the maze compared to the rotenone-treated group (p < 0.0001). Zinc and its

combination with linoleic acid but not linoleic acid alone significantly decreased the number of

entries into the close arms of the maze compared to the rotenone-treated group (p <0.05).

Table 2: Effect of Zinc and Linoleic acid and their combination on parameters of elevated
plus maze

Open Arm Close Arm Open Arm Close Arm
Groups Time Time Entries Entries

Mean * SEM

Vehicle (6) 52.40 ± 9.626 129.2 * 27.52 4.000 ± 0.5477 4.800 *1.158

Rotenone (5) 15.00 ± 2.775 239.6 ± 21.45~’ L800±O.3742a 3.200 ± 0.6633

Zinc (6) 180.6 ± 18.50* 42.60± 2.502* 7.200±0.3742* 5.600 ± 0.2449
Linoleic Acid
(6) 32.00 ± 4.680 186.4±17.69 3.400 ± 0.5099 6.000 ± 1.095
Zinc +

Linoleic Acid
(5) 56.60± 17.44* 117.6± 32.11* 3.000±0.7071 3.600±0.6782

Levodopa (5) 50.20 ± 8.55 8* 57.80± 7.566* 4.200± 0~3742b 5.200 ± 0.7348

Results are expressed as mean ± SEM. a, p~O.O5 compared to vehicle group; b, p~O.O5 compared to rotenone group;

* p~O.OOOl compared to rotenone group

4.3.3. Assessment of Olfactory Acuity

Rotenone-treated rats showed decreased sniffing time as compared to the vehicle-treated rats.

Zinc and linoleic acid and the combination of the two significantly increased the sniffing

duration of vanilla as compared to rotenone group (p~O.OOOl Table 3). The frequency of

sniffing of water by the rotenone-treated group was not significant higher (p> 0.05, Table 3) as

compared to the normal control group. The frequency of sniffing vanilla by the zinc, linoleic

acid and the combination group was however significant when compared with the rotenone

group.
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Table 3: Effect of Zinc and Linoleic acid and their combination on parameters of novel scent
test

Duration of Duration of Freq. of Freq. of sniffing
Groups sniffing water sniffing vanilla sniffing water vanilla

. Mean±SEM

Vehicle (6) ~5.00 *3.536 93.20 ±4.576 2.000± 0.3162 4.200 ±0.3742

Rotenone (5) 15.00 ±2.588a 7.600 ± 3.203c 3.600± 0.4000 0.8000 ±0.3742a

Zinc (6) : 18.40 ±1.288 93.00 ±5.385 1.800 ±0.3742 5.600 ±0.9274*
Linoleic Acid
(6) 7~600± 1536b 81.00±5.486* 1.800±0.3742 6.600±0.7483
Zinc + Linoleic
Acid (5) 9.200 ±2.458 94.00 ±7.190 2.600 ±0.5099 7.000 ±1.049*

Levodopa.(5) 11.00± 0.7071 72.00 ±4.626* 2.200 0.3742 5.800 ±0.7348

Results are expressed as mean + SEM. a, p 0.05 compared to vehicle group, b, p~O.O5 compared to rotenone group;

c p<O.000l compared to vehicle group * p 0.000 1 compared to rotenone group

4.3.4 Assessment of olfactory discrimination

Rotenone-treated rats showed significant decreased sniffing time of non-self bedding as

compared to the vehicle-treated rats (p<O.0001). Zinc and Linoleic acid and the combination of

the two significantly increased the sniffing duration of non-self bedding as compared to rotenone

group. In addition, Zinc and Linoleic acid and the combination significantly increased the

frequency of sniffing non-self bedding as compared to rotenone group (p~O.OOO 1 Table 4).

Table 4: Effect of Zinc and Linoleic acid and their combination on parameters of block test

Duration of Duration of Freq. of sniffing Freq. of sniffing
Groups sniffing self sniffing non-self self non-self

Mean ± SEM

Vehicle (6) 10.80± 1.393 70.00± 7.583 1.600±0.2449 4.000±0.5477

Rotenone(5) 7.000 ± 1.4 14 1.000 ± 0.6325 1.200 ±0.2000a 0.4000±0.2449a

Zinc (6) 11.80 ± 2.709* 45.00 ± 5•477* 1.400 ±0.2449 4.600 ±0.6782

Linoleic Acid (6) 13.60 ± 2.064 45.60 ± 4.226* 1.400 ±0.2449 4.600 ±0.5099
Zinc + Linoleic
Acid (5) 10.20 ± .8602* 49.20 ± 3.839* 1.600 ± 0.2449 6.600 ± 0.9274

Levodopa(5) 8.800 ± •3742b 32.40 ± 3•092b 1.600 ± 0.2449 2.800 ± 0.3742

Results are expressed as mean ± SEM. a, p~0.0001 compared to vehicle group; b, p<0.OS compared to rotenone

group; * p~O.OOOl compared to rotenone group
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4.4 Biochemical Measurements

Table 5: Effect of Zinc and Linoleic acid anti their combination on LPO and the antioxidant
system enzymes in mid brain of rotenone treated rats.

CAT GPx TP (rng
MDA TAC GSH SOD (~tmole (UI/mi protein)

GROUP (~trnoles/rn (jimoles/m (~imo1es/m (UI/mg H2O2/min!rn enzymes)
S g protein) g protein) g protein) protein) g protein

Mean ± SEM
Vehicle 699.2 0.0200± 10.67
(6) 0.03±0.01 ±3,473 4.44±0.43 6.68±1 0.64±0.01 0.003536 ±1.052
Rotenone 554.6 1.42±0.63 0.0062 9.370
(5) 0.44±0.06a ±8921a 057±018a a 0.22±0.03a ±0.002131 ±0.3590

10.41
0.03±0.01* 686.7 5.16±0.24 0.0358 ±0.0651

Zinc(6) C ±8.559* 3.91±0.31* b 074~003*d ~000677gb 2
0.0752

Linoleic 0.02±0.00* 702.1 5.34±1.04 ±0.004758* 10.95
Acid (6) C ±4.699* 3.76±0.49* b 074~004*,d C ±0.2067
Zinc+ 0.0812
Linoleic 0.07±0.03* 630.2 7.11±0.73 ±0.007716* 11.30
Acid (5) C ~332gb 3.62±0,34* b 0.68±0.05* ,C ±0.6652
Levodop 692.7 5.09±0.55 0.0170 11.28
a(S) 0.43±0.04 ±3.239* 3.69±0.23* b 050~00gb ±0.0030 ±0.3937

Lipid Peroxidation (LPO), Total protein and antioxidant biomarker activity and concentration in the midbrain of the

experimental groups. Results are expressed as mean ± SEM a, p~O.OO0l compared to vehicle group; b, p~O.O5
compared to rotenone group; c p~O.OO0l compared to levodopa group, d p~O.O5 compared to levodopa group *

p~O.OOOl compared to rotenone group

4.4.1 Lipid Peroxidation by MBA measurement

In the estimation of MDA levels, all animals in each group showed variable levels of MDA.

There was significant increase in levels of MDA in rotenone treated animals (p<O.000I), when

compared with normal control animals (0.03±0.0 1 to 0.44±0.06). There was significant decrease

in MDA. levels in Zinc treated animals (0.44±0.06 to 0.03±O.01; P<0.0001), Linoleic acid

(0.44±0.06 to 0.02±0.00; P<0.0001), and a combination of both (0.44±0.06 to 0.07±0.03;

P<0.0001) when compared with rotenone treated animals. The effect of the zinc, Linoleic acid

and the combination was significantly greater when compared to the Levodopa group (p<O.0001

Table 4). There was however no significant difference in MDA levels of the combination when

compared with individual treatments. Zinc lowered the MDA levels to normal control group

levels (0.03±0.0 1 to 0.03±0.0 1), while Linoleic acid and the combination groups lowered to near

normal control levels (0.03±0.01±0.02±0.00 and 0.03±0.0 1 to 0.07±0.03 respectively. Levodopa

did not significantly reduce the MDA levels (0.44±0.06 to 0.43±0.04, p> 0.05, Table 5). The
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effect of linoleic acid and the combination was significant when compared to levodopa

(p<o.0001).
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Figure 8: Lipid Peroxidation (MDA) levels in the midbrain of experimental groups



4.4.2. Total Antioxidant Capacity

The total antioxidant capacity in rotenone-treated rats was found to decrease compared to

vehicle-treated rats (699.2 ±3.473 to 554.6 ±8.92 1; p~O.O5, Table 4). The zinc and linoleic acid

groups had significantly prevented the decrease in TAC caused by rotenone administration

(554.6 ±8.921 to 686.7 ±8.559; 554.6 ±8.921 to 702.1 ±4.699 respectively) (p<O.0001); their

combination also prevented this decrease in TAC caused by rotenone administration (554.6

±8.921 to 630.2 ±33.28) (pS0.O5, Figure 9). The effect of the combination was not significant

when compared to single treatments (p>O.O5, Figure 9). Zinc, linoleic acid, the combination and

levodopa all increased TAC to near normal control levels.
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Figure 9: Total Antioxidant Capacity (TAC) levels in the midbrain of experimental groups.



4.4.3. Reduced Glutathione Concentration.

There was significant decrease (4.44±0.43 to 0.57±0.18) in brain GSH content in rotenone

treated groups as compared to the vehicle group (p~O.OOOl, Table 4, Figure 10). There was

significant increase in reduced glutathione levels in zinc treated animals i.e. 0.57±0.18 to

3.91±0.3 1 (P<0.0001), linoleic acid 0.57±0.18 to 3.76±0.49 (P<0.0001), and a combination of

both i.e. 0.57±0.18 to 3.62±0.34 (P<0.0001) when compared with rotenone treated animals i.e

0.57±0.18. The combination of zinc and linoleic acid did not significantly increase GSH levels

when compared to individual treatment (p > 0.05, Table 4, Figure 10). Levodopa significantly

increased brain GSH levels compared to the rotenone group (0.57±0.18 to 3.69±0.23). The effect

of zinc, linoleic acid, their combination and levodopa was not significant compared to the

normal control group
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4.4.4 Superoxide dismutase.

There was a significant decrease in SOD activity in rotenone-treated rats as compared to vehicle-

treated rats (6.68±1 to 1.42±0.63; p~O.O5, Table 4). The zinc group had a significant increase in

SOD activity as compared to rotenone group (1.42±0.63 to 5.16±0.24, p<O.05). The linoleic acid

group showed a similar effect (1.42±0.63 to 5.34±1.04, p<O.OS), as did their combination

enhanced SOD activity as compared to rotenone group (1.42±0.63 to 7.11±0.73, p~0.O5, Figure

11). The combination of zinc and linoleic acid also significantly increased SOD activity when

compared to individual treatment (p<O.05, Figure 11). The effect of zinc, linoleic acid, their

combination and levodopa was not significant when compared to the normal control group. Also

the effect of zinc, linoleic acid and their combination was not significant when compared to

levodopa (p>0.O5).
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Figure 11: Superoxide Dismutase level in the midbrain of the experimental groups.



4.4.5 Glutathione Peroxidase

The glutathione peroxidase activity was not significantly decreased in rotenone-treated rats as

compared to vehicle-treated rats (0.0200± 0.003536 to 0.0062 ±0.002131 p>O.05, Table 5). The

Imoleic acid and the combination group had significant increase in GPx activity as compared to

rotenone group (0,0062 ±0.002131 to 0.0752 ±0.004758 and 0.0062 ±0.002131 to 0.0812

±0.007716 respectively, p<O.0001, Table 4); the zinc group also showed a significant effect

(0.0062 ±0.00213 1 to 0.0358 ±0.006778, p~O.O5, Figure 12). The effects of zinc and linoleic

acid on increasing GPx activity were significant in comparison to the normal control group

(0.0200± 0.003536 to 0.0358 ±0.006778 and 0.0200± 0.003536 to 0.0752 ±0.004758

respectively, p<0.000 1). The effects of linoleic acid and the combination was significant when

compared to levodopa (p<O.000 1) while zinc effect was not significant (p>0.05).
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Figure 12: Glutathione Peroxidase activity in the midbrain of experimental groups.
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4.4.6. Catalase

Catalase activity in the vehicle treated group was found to be 0.64*0.01 1iM of H202

used/mm/mg protein. Rotenone treatment resulted in a significant decrease in CAT level in the

midbrain as compared to the vehicle-treated group (0.64±0.01 to 0.22±0.03, p<O.000I). The zinc

group (0.22±0.03 to 0.74±0.03), linoleic acid group (0.22±0.03 to 0.74±0.04) and their

combination (0.22±0.03 to 0.68±0.05) had a significant increase in CAT activity as compared to

rotenone group; (p~O.OO0 1, Figure 13). The combination of zinc and linoleic acid however did

not significantly increase catalase activity when compared to individual treatment (p > 0.05,

Table 4, Figure 13). The CAT activity increasing effects of zinc, Linoleic acid and their

combination was not significant when compared to the normal control and levodopa groups.
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Figure 13: Catalase activity in the midbrain of experimental groups.



4~5 Iiistopathologv

The vehicie~treatcd group animals showed normal neuronal density and normal cellularity of

neurons with no atypical cells, no visible cell death. In rotenone treated group there was

neuronal cell death, slight structural damage to the midbrain. The zinc group showed midbrain

structure with slight hypeiplasia of cells, presence of micro vacuolization and augmented

number of cells reflecting cellular injury however with small blood vessels. There was no visible

cell death in the linoleic acid group. The combination group showed normal neuron cell

population, with some cells appearing multinucleated. The levodopa group showed slight

cellularity of the midbrain region with multinucleated cells. There was no apparent cell death.
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Figure 14: Histopathological changes in the mid brain of rats stained with haematoxylm and eosin.

Histopathological changes in the mid brain of rats stained with haematoxylin and eosin x 100 and x400: Vehicle
section showing normal histoarchitecture. Rats treated with rotenone (2.5mg/kg) with decrease neuron size and
density. Rats treated v~ ith rotenone and interventions showing increased cellularity compared to rotenone group
alone
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CHAPTER FIVE

DISCUSSION, CONCLUSION AND RECOMMENDATIONS

5.lDiscussions

The present study was done to evaluate the role of zinc and linoleic acid and their combination,

as neuroprotective agents against rotenone-induced parkinsonism. As shown previously by

Alam and Schmidt (2002), intraperitoneal injection of rotenone over seven days precipitate both

motor and non-motor impairments including difficulties in the locomotor activity, decreased

rearing behaviour, decreased anxiety and olfactory disturbances. Interestingly, pre-treatment of

rats with zinc or linoleic acid improved several behavioural parameters. These improvements

correlated with the enhancement of the total brain antioxidant capacity and activities of

antioxidant enzymes in this study.

In animal model studies, rotenone (an alkaloidal pesticide), a specific inhibitor of complex I is

employed to increase oxidative stress-mediated neuropathology (Tanner, 201 la). More

specifically, it is used to generate toxin-based rodent models of Parkinson?s disease (Sherer et

al., 2003). Because of its mechanism of action involving oxidative stress, exposure of rodents to

Rotenone provides a valuable model for studying both mechanisms of oxidative stress and

neuroprotection by antioxidant agents (Perfeito, Cunha-Oliveira, and Rego; 2012).

Pathologically, Rotenone induces the degeneration of the nigrostriatal dopaminergic pathway

which is one of the cardinal pathological markers of Parkinson’s disease ~Alam and Schmidt,

2002; Tanner, 2011b). As shown in this study, at the behavioural level, Rotenone precipitates

behavioural alterations including both motor and several non-motor deficits (Inden et al., 201 1).

These alterations have been shown to correlate with the extent of striatal lesions of the

Rotenone-treated rats (Mulcahy, Walsh, Paucard, Rea, and Dowd, 2011).

Motor performances in all the experimental groups were assessed using the Open Field Test

(Stanford, 2007). Remarkably, pretreatment of rats with zinc protected the animals from the

effect of Rotenone. In fact, rats treated with zinc showed a significant increase in the frequency

of ambulation and the numbers of entries in the elevated plus maze. zinc also reduced

significantly the freezing and latency periods similar to the works of Joshi, Akhtar, Najmi,

Khuroo, and Goswami (2012) and Cunha, Machado, Bettio, Capra, and Rodrigues (2008).This

enhancement of locomotor activity in the zinc group could be due to the relatively higher dose of

the zinc (30mg/kg) used in our study corroborating the already observed dose-dependent effect
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of zinc on locomotion as assessed by the EPM (Partyka et aL, 2010). Regarding linoleic acid, no

significant effect on motor activity was observed. This result corroborates with the studies of

Bourre et at. (1989) in which diet rich in aipha-linoleic acid improved radial maze learning

performance without affecting motor activity. Rearing is an important item of the behavioral

repertoire rodents use to explore the environment (Fleming et at., 2004). In the open field test,

rearing as a vertical movement is more sensitive to nigral DAergic degeneration relative to

horizontal movements (Gould et at., 2010). Like its effect on locomotor activity, zinc prevented

the deterioration of the rearing behavior induced by rotenone treatment. Similar to zinc pre

treatment, Linoleic acid protected the rearing behavior of rats against the impairment effect of

rotenone treatment. In a study on the role of omega-3 fatty acid status on rat adaptation to

chronic restraint stress, Linoleic acid-enriched diet was able to abolish the stress-induced

reduction in locomotor activity and rearing in the open field test (Calon and Cole, 2007).

Zinc and linoleic acid exhibited anxiolytic-like effects in rats, as they both increased the time

spent on open arms and the number of entries into the open arms. Although Sarnardzic et at.

(2013) reported an anxiogenic effect of zinc (30mg/kg), the anti-anxiety effect of Zinc shown in

our study is consistent with previous studies (Erreger and Traynelis, 2008; Wla~ et at., 2011).

The route of administration could account for these conflicting results. The bioavailability of

zinc has been shown to be variable depending on the route of administration (Bray and Bettger,

1990). Mechanistically, the anxiolytic effect of zinc has been linked with the inhibition of

glutamate NMDA/AMPA receptors and an increase BDNF gene expression in the hippocampus

(Brocardo et a!., 2007; Szewczyk et at., 2008). Moreover, the reported modulation of the

serotonin neurotransmission by zinc could underlie its effect on anxiety-like behaviour (Partyka

et at., 2011; Samardzic et at., 2013), Linoleic acid has been suggested to act as an anxiolytic

agent by preventing cellular inflammation as well as improving the antioxidant capacity of cells

(Dyall and Michael-Titus, 2008; Ross, 2009; Seki, Tani, and Arita, 2009). Ornega-3 PUFAs

have been shown to prevent the development of stress-related disorders such as anxiety and

depression by protecting glutaminergic neurotransmission in stress induced damage (Denis,

Potier, Vancassel, Heberden, and Lavialle, 2013). In a study to investigate the beneficial effect

of fish oil on anxiety, depression and cognitive behavior in olfactory bulbectomised rats, Pudell

and colleagues suggested that the anti-anxiety effect of omega-3 PUFAs could be due to its

ability to increase serotonin levels in the brain (Pudell et at., 2014)

Impaired odour detection, differentiation, and identification has been correlated positively with

an increased risk of developing PD, suggesting that behavioural testing of olfaction can facilitate
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an earlier detection of the disease (Doty, Shaman, Kimmelman, and Dann, 1984b; Henderson,

Lu, Wang, Cartwright, and Halliday, 2003). These changes are not responsive to dopaminergic

therapies (Tillerson et a!., 2006). The rotenone group showed significant decrease in sniffing and

exploration times. Zinc and linoleic acid significantly increased the frequency and duration of

sniffing the novel scent indicating that they improved the olfactory senses in comparison to the

rotenone group in which this was highly impaired. Zinc is believed to play an important role in

the regeneration of receptor cells not only on taste buds, but also on the olfactory epithelium

(Slotnick, Sanguino, Husband, Marquino, and Silberberg, 200’l). Therefore, Zinc deficiency is

thought to produce olfactory disorder (Duncan-Lewis, Lukrnan, and Banks, 2011; Jafek,

Linschoten, and Murrow, 2004) although details of the mechanism by which it does so are still

unclear. The mechanism by which linoleic acid improves olfactory function is not also clear but

has been linked to its antioxidant role in the olfactory epitheliurn as well as neural development

(Karr, Alexander, and Winningham, 2011).

A number of studies have shown that the dopaminergic neurons in PD exists in a state of

constant oxidative stress, due in part largely to the generation of Ff202 (Jenner and Olanow,

1996). Lipid peroxidation measured by MDA levels was observed to be elevated in rotenone

treated animals than controls. This agrees with other studies which suggest that oxidative

damage is involved in the neuronal abnormalities in PD (Liu, Wang, Pan, Ding, and Lu, 2013;

Tsang and Chung, 2009). However, treatment with zinc and linoleic acid or their combination

reduced MDA levels and therefore lipid peroxidation and brought it to control levels. The

reduction ofMDA levels and thus lipid peroxidation by zinc is in line with the study of Ozturk et

al. (2003) who investigated the effects of zinc deficiency and supplementation on

malondialdehyde and glutathione levels in blood and tissues of rats performing swimming

exercise, and showed that zinc supplemented rats had increased reduced glutathione and

decreased MDA levels. The lowered MDA levels due to linoleic acid corroborates with the

studies of Yang and colleagues who showed reduced MDA levels in the hippocampus of diabetic

rats on administration of omega-3 PUFA (Yang et a!., 2012). The mechanism involved in

lowering lipid peroxidation by linoleic acid appears to involve detoxification of peroxy radicals

and other ROS species (Gladine et a!., 2014).

Decreased levels of GSH might play an important role in inducing oxidative stress in brain

(Zeevalk et a!., 2008). Such levels have been detected in remaining neurons and in SNpc of PD

patients as compared to controls of similar age (Tamilselvam et at., 2013). In this present study,

GSH levels were lower in rotenone treated animals. Studies have shown decreased levels of
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GSH leads to oxidative damage to DNA, protein and lipids in PD (Chinta and Andersen, 2008;

Surapaneni and Venkataramana, 2007; Vini~h et a!., 2011). Oral administration of zinc and

subcutaneous administration of Linoleic acid increased GSH levels. Zinc has been suggested to

exert this GSH-increased level effect through the actions of metallothionein (Prasad, 2014). On

the other hand the GSH activity-increasing effect of linoleic acid corroborates with the study of

Ahmad and Beg (2016), who evaluated the therapeutic effect of omega-6 linoleic acid and

thymoquinone enriched extracts from Nigella sativa oil in the mitigation of lipidemic oxidative

stress in rats. The effects of linoleic acid on GSH may be due to their direct antioxidant effects

or the prevention of GSH oxidation.

The rotenone treated group showed a significant decrease in glutathione peroxidase activity.

This agrees with the studies of Testa, Sherer, and Greenarnyre (2005). Zinc pre-treatment was

able to increase glutathione peroxidase activity. This corroborates with the study of the effect of

zinc supplementation on glutathione peroxidase activity and selenium concentration in the

serum, liver and kidney of rats chronically exposed to cadmium by (Gala~yn-Sidorczuk et a!.,

2012), showed that zinc significantly increased glutathione peroxidase levels. Linoleic acid in

the study of Ahmad and Beg (2016) also protected glutathione peroxidase activity by 90%.

SOD activity in the group treated with rotenone was found to be reduced. Complex-I of the

mitochondrial respiratory chain is a major source of superoxide free radicals. The loss in SOD

activity might contribute to increase in oxidative stress in rotenone treated animals (Fridovich,

1995; Liochev and Fridovich, 2007). A lowered SOD activity would be detrimental in cases

when superoxide radical production is increased. The decrease in SOD activity following

rotenone treatment might be due to inactivation of SOD by ROS (Fridovich, 1995).

Administration of zinc was beneficial in restoring the SOD activity. This agrees with the studies

of Paz Matias et al. (2015) who investigated the effect of zinc supplementation on superoxide

dismutase activity in patients with ulcerative rectocolitis. In the study of Ahmad and Beg (2016),

omega-6 linoleic acid supplementation also increased SOD activity.

The present study showed reduced CAT activity in rotenone-treated rats as compared to vehicle

treated rats. This agrees with the studies of Liu et a!. (2013); Prema, Janakiraman,

Manivasagam, and Arokiasamy (2015) and Soczynska et a!. (2008). A study by Sharma and

Bafna (2012) showed a non-significant increase in the activity of CAT in rotenone treated rats

compared to vehicle-treated rats. Zinc and linoleic acid increased the activity of CAT compared
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to the rotenone treated group. Zinc effect on Catalase activity agrees on the study of

(Parashuramulu, Nagalakshmi, Rao, Kurnar, and Swain, 2015) who investigated the effect of

zinc supplementation on antioxidant status and immune response in buffalo calves and showed

that zinc supplementation increased Catalase activity. The protective effects of linoleic acid

might reflect its ability to improve energy metabolism and repair damaged layers of lipids, hence

suppressing the exudation of free electrons from the mitochondrial electron transport system,

which is a prerequisite reaction to generate free radicals (Liu, Killilea, and Ames, 2002).

The antioxidant effect of Zinc has been suggested to work via metallothionein by regulating

the secretion of pro-inflammatory cytokines and these metallothionein’s are strong scavengers of

free radicals (Hijova, 2004; Maret, 2013). Linoleic acid has been suggested to act as an

anxiolytic agent by preventing cellular inflammation as well as improving the antioxidant

capacity of cells (Simopoulos, 2002). Linoleic acid with efficient free radical scavenging

capacity could be involved in lowering MDA and slowing the degradation of the antioxidant

enzymes CAT, SOD and GPx on its administration (Eckert, Lipka, and Muller, 2013; Innis,

2008), thus improving the total antioxidant capacity. The combination of zinc and linoleic acid

showed remarkable antioxidant effect by lowering MDA levels and increasing GSH, SOD above

the levels of individual interventions.

In histopathological findings visible neuronal cell loss in the midbrain was identified that

indicates the damage of neurons at this region in rotenone treated animals. Findings from earlier

studies have shown that the substantia nigra is more vulnerable to damage by rotenone (Liu et

al., 2013). This may be attributed to higher susceptibility of the neurons in this region to free

radicals. Histological findings in the midbrain were more correlated with impaired motor

coordination responses along with biochemical evidences (Testa et al., 2005). This may indicate

that the midbrain area responds highly to oxidative stress caused by rotenone. This vulnerability

of the midbrain to rotenone-induced oxidative stress has also been demonstrated in other studies

(Sherer et al., 2003). Zinc and linoleic acid and their combination improved the neuronal loss in

the midbrain caused by rotenone administration. The decreases in necrotic cells observed in the

zinc treated group agrees with the studies of Galvo et al. (2015) who also observed a decrease in

the number of necrotic cells in hippocampus as well as cortex of zinc supplemented group for

both male and female pups, in a study investigating the effect of “Prenatal zinc in adult rat

offspring exposed to lipopolysaccharide during gestation”. Linoleic acid effect on the midbrain

corroborates with the studies of Beltz, Tlusty, Benton, and Sandeman (2007), who investigated
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the effect of Linoleic acid on hippocampal neurogenesis. They advanced suggestions that

linoleic acid plays this rore via increasing expression of brain derived neurotrophic factor.

5.2 Conclusion

Zinc, Linoleic acid and their combination showed neuroprotective and behavioural effect in rat

model of Parkinsonism induced with Rotenone.

Zinc prevented development of behavioural deficits in rats compared to Linoleic acid and their

combination caused by rotenone treatment.

Zinc, Linoleic acid and their combination prevented the increase in MDA levels and decrease in

brain antioxidant status induced by rotenone treatment.

Cell death and reduction in neuron size induced by rotenone was prevented by treatment with
zinc, linoleic acid and their combination.

5.3 Recommendations

Further studies are needed to explore mechanisms involved in the neuroprotective effect of zinc

and linoleic acid in the experimental models of PD.

A longer duration of study will be also be needed to understand the point of initiation and course

of progression of PD in rodent models to note the onset of non-motor and motor deficits and

how zinc and linoleic acid interfere with the progression.

It is recommended that the blood levels and brain tissue amounts of zinc and linoleic acid be

established before pre-treatment to determine the amount of exogenous zinc and linoleic acid

administered.

It will also be required to use different doses of zinc and linoleic acid to determine the dose at

which maximum effective is obtained.
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