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ABSTRACT 

Background 

The locus coeruleus-norepinephrine (LC-NE) system is known to play an integral role in 

attention and arousal. The LC fires both tonically and phasically. We propose that tonic firing 

of the LC-NE system needs to be maintained in a critical range for phasic activity of the LC­

NE system to enhance the signal-to-noise ratio in stimulus-related neural networks. In 

addition terminal release of NE from LC neurons responds synergistically with glutamate 

release from glutamatergic neurons, thereby potentiating its signal. The Yerkes and Dodson 

(1908) theory of arousal and performance can be represented by an inverted-U shaped curve 

which serves to relate the proposed functioning of the LC-NE system role (level of arousal) 

to attentional performance. In the present study we performed both non-invasive human 

studies (Part A) and invasive rat studies (Part B) to test this hypothesis and elaborate its 

parameters. 

Part A 

The first aim of the human study was to determine whether perceived mental effort during 

performance of an attentional task was reflected by physiological arousal. The second aim 

was to determine whether healthy individuals with high levels of behavioral impulsivity were 

physiologically hypo-aroused. The third aim was to determine whether healthy individuals 

with high levels of anxiety were physiologically hyper-aroused, and whether smoking 

(nicotine) was used as a form of self-medication. The fourth aim was to determine whether 

healthy individuals who had experienced childhood traumatic events showed physiological 

correlates during attentional task performance that were related to arousal and the LC-NE 

system activity. 



Healthy participants were recruited voluntarily, they completed three attentional tasks 

designed to test different aspect of attention and impulsivity: (1) a continuous performance 

task, (2) a Go/No-Go task, and (3) a cued target detection task. During completion of the 

attentional tasks, the participants' arousal levels were continuously recorded: ( 1) 

electroencephalogram (EEG), (2) electrocardiogram (ECG), and (3) skin conductance 

responses. Prior(± 5min) to commencement of the attentional tasks participants supplied a 

saliva sample for cortisol measurement and a second sample was collected immediately after 

the attentional tasks. Participants also gave blood for future genetic analysis; these samples 

were obtained on a separate day to that of the attentional tasks. Participants also completed a 

battery of neuropsychological questionnaires/inventories with respect to their day to day 

behaviors that were used to relate perceived mental effort, impulsivity, anxiety, and 

childhood trauma to the physiological measures recorded. 

Our results indicate healthy participants' perceived mental effort was related to aspects of 

physiological arousal, left parietal relative beta power was found to be associated with 

perceived mental effort during each of the three attentional tasks. In addition each of the 

tasks, due to their different parameters showed associations with several other relative 

cortical frequency bands. Only the Go/No-Go task showed associations with peripheral 

physiological arousal. 

We suggested that mental effort in a 'healthy' cohort of participants could be used as a 

measure of tonic arousal afforded by the LC-NE system, we found several cortical 

associations. This finding needs to be extended to see if reported mental effort may serve to 

measure functional LC-NE systems and highlight dysfunction in the LC-NE systems tonic 

activities in human disorders of 'hypoarousal' such as individuals with ADHD and of 

'hyperarousal' such as individuals with anxiety related disorders. 



We proposed that organisms that were 'hypoaroused' present with decreased tonic activity. 

Individuals with ADHD have been reported to make increased errors and have short response 

times. Impulsivity was effectively shown in the present study in the Go/No-Go task response 

times and self-reported impulsive behavior. Impulsivity within our cohort was measured as 

short response times in the Go/No-Go task which was reflected by increased relative beta 

power over both frontal and parietal lobes. These associations dissipated with the progression 

of the task suggesting that healthy participants with impulsive behaviors were able to 

improve cortical arousal levels. This finding needs to be extended to include human disorders 

of 'hypoarousal' such as ADHD to ascertain whether 'hypoaroused' individuals are unable to 

reduce these associations as the present 'healthy' cohort of participants were able to do, this 

would further support the present hypothesis. 

We proposed that organisms that were 'hyperaroused' would present with increased tonic 

activity. Individuals with anxiety related disorders are reported to be distracted and attempt to 

passively avoid environmental cues. Anxiety levels were reflected in the present cohort of 

'healthy' participants' cortical activities related to the LC-NE system activity tonically by 

relative frequency power and phasically by the short latency in P300. This finding needs to be 

extended to ascertain whether 'hyperaroused' individuals with disorders such as anxiety 

related disorders and depression show a similar pattern of activation of tonic and phasic firing 

of the LC that would further support the present hypothesis. 

Interestingly nicotine use showed a similar association, suggesting that nicotine users 

improved their functional information processing shown by their reduced P300 latency. 

Experiences of childhood trauma led to several cortical associations with physical neglect, 

abuse and emotional abuse, there were no associations with emotional neglect and sexual 

abuse. For emotional abuse relative right frontal alpha power was negatively associated 



across all three attentional tasks. The majority of the associations were found during the 

Go/No-Go task. Childhood trauma reflected increased recruitment of mental resources as 

seen by reduced alpha activity, how this is related to the functioning of the LC-NE system 

needs further interrogation. 

PartB 

The first aim was to determine whether the relationship (or synergism) between LC-NE 

terminals and glutamate in hippocampal slices was different in a strain of rat that shows 

'hypoarousal' and a rat strain that shows 'hyperarousal'. The second aim was to determine 

which glutamate receptors played a role in LC-NE terminal release in these two rat strains. 

The third aim was to determine whether LC-NE terminals responded differentially in several 

rat strains. The fourth aim was to determine whether the differential release of NE form LC­

NE terminals extended to other brain areas that are known to receive NE input from the LC. 

The fifth aim was to determine whether a change in maternal environment to that of 

'hypoaroused' or 'hyperaroused' dam would lead to changes in behaviors related to arousal 

and whether the synergistic interaction between glutamate and LC-NE terminals was affected 

by the different rearing conditions. The sixth aim was to determine whether maternal 

separation affected glutamate stimulated release of NE in hippocampal and prefrontal cortical 

brain slices. The seventh aim was to determine whether an acute nicotine dose reduced 

anxiety-like and depressive-like behaviors in several rat strains and to relate it to the effects 

of acetylcholine on the LC-NE system. 

Several strains of rat were used for the animal studies including the spontaneously 

hypertensive rat (SHR), the Wistar-Kyoto rat (WKY), Sprague-Dawley (SD), Long-Evans 

hooded-rat, and Wistar rat. The open-field and the elevated-plus maze were used to assess 



exploratory behaviors and anxiety-like behavior between P29 and P33. Glutamate-stimulated 

release of NE from LC-NE terminals was achieved by a superfusion technique. 

The 'hyporaroused' rats (SHR) showed exaggerated release of NE from LC-NE hippocampal 

terminals when stimulated with glutamate as compared to the 'hyperaroused' rats (WKY). 

Glutamate ionotropic receptor antagonism yielded differential release of NE from LC-NE 

hippocampal terminals when stimulated with glutamate. WKY rats depended more heavily on 

AMPA receptor activation for the release of NE, while SHR released greater amounts of NE 

when the NMDA receptors were antagonized. The exaggeration of NE release in the 

'hypoaroused' rats and decrease of NE release in the 'hyperaroused' rats was explained by 

assessing glutamate stimulated release of NE in hippocampal slices in several strains of rat. 

Change in maternal environment through cross-fostering of several rat strains showed 

enhanced anxiety-like behaviors in the 'hyperaroused' rat model when fostered by the 

'hyporaroused' dams, while fostering of the 'hyperaroused' rat model onto a reference strain 

showed reduction in anxiety-like behaviors. When the reference strain was fostered onto the 

'hyperaroused' rat strain their anxiety-like behaviors increased. Glutamate stimulated release 

of NE from the hippocampus and prefrontal cortices were not associated with the changes in 

behavior. Maternal separation of Sprague-Dawley rats did not affect glutamate stimulated 

release of NE release from LC-NE terminals of the hippocampus and prefrontal cortex. Acute 

nicotine led to increased activity in the references strain, however did not affect the behavior 

of the 'hypoaroused' and 'hyperaroused' rat strains. Acute nicotine did not lead to a change 

in glutamate stimulated release of NE from hippocampal or prefrontal cortical brain slices. 

The exaggerated release of NE from the 'hypoaroused' rat model suggested that there may be 

reduced synergistic action between the NEergic and glutamatergic terminals. We suggest that 

this may be a result of increased GABAergic inhibition, resulting in reduced levels of NE at 



LC-NE terminals. This suggestion supports the present hypothesis as reduced tonic activity 

leads to increased terminal release of NE from LC-NE terminals. The reduced response of 

NE release from the "hyperaroused' rat model LC-NE terminals suggests a down regulation 

of glutamate receptors that may result from the increased tonic firing of the LC thereby 

reducing the synergistic activation between the NEergic and glutamatergic terminals. This 

suggestion supports the present hypothesis as increased tonic activity would enhance the 

release of NE, without clearance of NE as the present hypothesis suggests there may be 

down-regulation of AMPA receptors in vivo. We suggest that the 'hyperaroused' rat model is 

susceptible to environmental manipulations, while the 'hypoaroused' rat model was resilient 

to environmental manipulations. These findings led us to suggest that organisms that are 

'hypoaroused' may be more resilient to external environmental inputs as a result of increased 

GABAergic function as changes in glutamate-stimulated release was not affected. This 

suggestion is complimented by the finding that glutamate-stimulated release of NE was not 

altered in the maternally separated Sprague-Dawley rats. Interestingly acute nicotine 

decreased anxiety-like behavior in Sprague-Dawley rats, however no change was seen in 

either the 'hypoaroused' or the 'hyperaroused' rat models employed. 

Conclusions 

Cortical arousal as seen by relative frequencies from EEG recordings does serve to assess 

tonic activity of the LC-NE system. P300 amplitude and latency provides a measure of the 

phasic activity of the LC-NE system. The relationship between noradrenergic and 

glutamatergic neurons at terminal loci of the LC-NE system serve to highlight the 

dysfunction of the LC-NE system in 'hypoaroused' and 'hyperaroused' organisms. Nicotine 

use does serve as a form of self-medication in the reduction of anxiety. Childhood trauma and 

environmental manipulations affect arousal regulation. 
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1. INTRODUCTION 

Norepinephrine (NE) functions as both a neurotransmitter and as a hormone (Ganong, 2001 ). As 

a neurotransmitter NE is synthesized and released by dendrites and axon terminals of neurons in 

the medulla and pons. The NE nuclei can be broadly distinguished by their major fibre bundle 

pathways: (I) the dorsal noradrenergic bundle which originates from the locus coeruleus (LC) a 

pontine nucleus and ascends through the medial tegmentum and (2) the ventral noradrenergic 

bundle which ascends through the ventral tegmentum, originating from several nuclei including 

two pontine nuclei, the dorsal motor nuclei of the vagi and the nucleus tractus solitarius, and two 

medullary nuclei of the dorsal tegmentum and lateral tegmentum (Felten and Sladek, 1982, 

1983). Both the dorsal and ventral noradrenergic bundles send direct projections to the spinal 

cord (Theiss and Heckman, 2005). The LC is the major nucleus of the brain which produces NE 

in the rat, monkey and human (Foote, 1997; Swanson, 1976). The LC projects to several brain 

regions, and is the sole source of NE to the cerebral cortex, hippocampus and cerebellum (Foote 

et al., 1983; Jentsch, 2005; Aston-Jones et al., 1999; Southwick et al., 1999; Bunsey and Strupp, 

1995). As a hormone, NE is synthesized and released by sympathetic nerve fibres and the 

adrenal medulla (Ganong, 2001). 

The synthesis of NE occurs through a cascade of enzymatic reactions; phenylalanine is 

hydroxylated to form tyrosine, which is hydroxylated to L-dopa. L-dopa is then decarboxylated 

to form dopamine. Dopamine is hydroxylated by the enzyme dopamine-P-hydroxylase to form 

NE (Ganong, 2001; Kandel et al., 2001 ). Released NE binds to any of several NE metabotropic 

receptors, the principal receptors being a,1, a,2, P1, P2 and p3 (Ganong, 2001). The n1 receptors are 

I 



further divided into three receptor subtypes a.IA, a,18, and am. The a,1 subfamily of noradrenergic 

receptors increases intracellular calcium through G-protein-mediated activation of phospholipase 

C, leading to the production of 1,4,5-triphosphoinositide and release of Ca +2 from internal stores, 

in addition activation of the a, 1 subfamily can lead to direct activation of voltage-gated Ca+2 

channels which can lead to depolarization of the nerve terminal (Pralong et al., 2002). The a,2 

receptors are further divided into three receptor subtypes a2A, a.28, and a2c. The a2 subfamily of 

noradrenergic receptors generally inhibit adenylate cyclase through G-protein activation, and can 

lead to cell hyperpolarization and inhibition of norepinephrine (and glutamate) release, and are 

classed as autoreceptors in many instances (Pralong et al., 2002). The ~ subfamily of 

noradrenergic receptors when activated lead to the activation of adenylate cyclase mediated by 

G-proteins. ~-Receptors also lead to K+ channel inhibition or presynaptic Ca +2 channel 

activation, these activities lead to the depolarization of the nerve terminal (Pralong et a., 2002). 

Besides activation of NE receptors, NE can be taken up into presynaptic terminals by NE 

reuptake transporters, and or by surrounding glia (Iversen, 2006). Catabolism of NE occurs in 

nerve terminals or glia. Norepinephrine is oxidized by monoamine oxidase to produce 3,4-

dihydroxymandelic aldehyde. 3,4-Dihydroxymandelic aldehyde then undergoes methylation by 

catechol-O-methyltransferase to 3-methoxy-4-hydroxymandelic acid (vanillylmandelic acid) or 

to 3-methoxy-4-hydroxyphenylglycol (MHPG) (Ganong, 2001; Kandel et al., 200 I). Systemic 

NE has a half-life of about two minutes in peripheral circulation, and is then methylated and 

oxidized by catechol-O-methyltransferase and monoamine oxidase to produce 3-methoxy-4-

hydroxymandel ic acid (Ganong, 2001 ). 

2 



1.1 Arousal Systems 

Arousal systems of the central nervous system arise form several nuclei of the reticular activating 

system (Moruzzi and Magoun, 1949). These systems are classified by their pathways and their 

specific neurotransmitters which include the: (1) LC-noradrenergic system (LC-NE), (2) 

magnocellular basal forebrain/pedunculopontine cholinergic system, (3) substantia nigra/ventral 

tegmental area dopaminergic system, ( 4) dorsal raphe serotonergic system, and (5) 

tuberomamillary hypothalamic histaminergic system (Marrocco et al., 1994 ). "Arousal is 

generally a dimension of activity or readiness for activity based on the level of sensory 

excitability, glandular and hormonal levels and muscular readiness. Or in neurophysiological 

terms seen as a heightened state of cortical functioning, cortical structures are 'aroused' by 

stimulation from sensory receptors mediated through lower brain structures. Additionally due to 

the breadth of usage and the generality of meaning, the term arousal is typically used with 

qualifiers e.g., cortical arousal or sexual arousal" (Reber, 1995). An individual requires a specific 

level of arousal to perform well within an environment, if the individual is hyperaroused or 

hypoaroused by environmental stimuli the individual will perform poorly (Yerkes and Dodson, 

1908, figure 1.1). 

Arousal 

Figure 1.1 Derived from the seminal paper by Yerkes and Dodson (1908), showing the relationship between arousal 
levels and performance, an example of this would be attentional performance. If the organism is hypoaroused 
optimal performance is not attainable and if the organism is hyperaroused optimal performance is not attainable. 

3 



1.1.J LC-NE system and cortical arousal 

Recording of neural activity from the scalp is achieved by electroencephalography (EEG) and is 

used to measure cortical arousal (Moruzzi and Magoun, I 949; Timo-Iaria et al., I 970). Broadly 

cortical arousal can be defined by a reduction in voltage or amplitude of the EEG trace and 

increased activity within the higher band frequencies (Marrocco and Field, 2003; McCormick 

and Bal, I 997), this relationship is evident during all states of arousal. Changes in EEG traces 

including voltage or amplitude are related to the changes in brain wave frequency (Martin, 

1998). Fourier transform is a mathematical procedure which decomposes the EEG trace 

recording into respective sine waves defined by their frequency and phase, giving the power 

(m V2
) during a selected epoch for each frequency band (Luck, 2005; Martin, 1998). Band 

frequencies in EEG include: delta (o), theta (0), alpha ( a.), beta (P), and gamma (y). Delta (1-3 

Hz) is associated with deep sleep, i.e. delta wave sleep (Reber, 1995; Guyton and Hall, 2000). 

Theta ( 4-7 Hz) activity is associated with temporal and parietal cortical activity (Guyton and 

Hall, 2000; Ganong, 2001). Alpha activity (7-13 Hz) is a hallmark frequency band that shows 

pronounced activity during restful wakefulness, especially during closed eyes (Barry et al., 2007, 

Klimesch, 1999). Beta activity (13-30 Hz) is associated with frontal and parietal cortical activity 

during mental performance (Reber, 1995; Guyton and Hall, 2000). Gamma activity (30-80 Hz) is 

associated with high levels of cortical activity (Ganong, 2001). 

Electroencephalogram activity recorded during the performance of a cognitive task can 

additionally be shown as an event-related potential (ERP) (Martin, 1995; Gazzaniga, 2000; Luck, 

2005). Event-related potentials are stimulus-locked epochs in the EEG trace (Gazzaniga, 2000). 
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The epochs extracted permit the overlay or average of cortical activities related to the stimulus 

presented. The overlay or average of the cortical activities reduces the EEG trace background 

noise. In doing this a pattern or EEG activity in response to a stimulus presented can be made 

evident (Luck, 2005). Event-related potentials are interpreted by dividing them into several 

temporal components (Luck, 2005). The components are defined by their deflection within the 

ERP, being either positive or negative and having a representative peak (Luck, 2005). For each 

component several values can be extracted and interpreted including peak amplitude (µV) and 

latency to peak amplitude (msec) (Luck, 2005). The components of the ERP vary and are 

dependent on task and modality of stimulus, be it auditory or visual (Luck, 2005). These 

differences in ERP between modalities of stimuli are suggested to result from the level of neural 

processing and neural engagement during stimulus presentations (Gazzaniga, 2000). A 

component of the ERP the P300 originally defined by its occurrence approximately 300 msec 

post stimulus presentation, during an oddball paradigm (Donchin and Coles, 1988; Polich and 

Kok, 1995), is currently suggested to be a "cognitive neuroelectric phenomenon" as it is 

generated during completion of cognitive tasks which require the individual to pay attention, 

process information and leads to a response from the individual (Polich and Kok, 1995). 

Anatomical localization of the P300 was originally suggested to originate from the hippocampal 

formation, as reported by depth electrode recordings. However, destruction of the hippocampal 

formation was shown to elicit minimal change to the P300 (Polich and Squire, 1993). Recent 

studies suggest that the P300 is generated from the juncture point of the temporal and parietal 

cortices only (Verleger et al., 1994; Yamaguchi and Knight, 1991, 1992). P300 during attentional 

tasks has been shown to be maximal over the parietal cortices (Polich and Kok, 1995). Why the 
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P300 is generated is presently unknown (Luck, 2005; Polich and Kok, 1995). It is however 

suggested that the P300 is a representation of the neural processing required for cortical updating 

(Donchin and Coles, 1988). The 'orienting response' suggests that an individual creates a 

cortical representation of trials within a task, as the task endures and the individual completes 

more trials, the cortical representation of the trials are constantly updated (Sokolov, 1960, 1963). 

The extent of this cortical updating or 'orienting response' is dependent on the individual's state 

of arousal (Polich and Kok, 1995; Hockey, 1983; Hockey et al., 1986) and the value placed on 

the information being processed (Sutton and Runckin, 1984). The state of arousal and the effects 

on P300 generation are suggested to occur (I) tonically (minutes to hours) or (2) phasically 

(msec to seconds). Tonic changes in arousal include the steady or general state of arousal and 

can include general changes in EEG activity, heart rate, and endocrine responses (Polich and 

Kok, 1995). Phasic changes in arousal include the individual's reaction to specific stimuli 

presentations and can include ERPs, skin conductance responses, and 'orienting responses' 

(Polich and Kok, 1995). It is important to note that tonic changes affect phasic changes and vice­

versa, and cannot be interpreted in isolation (Barry and Sokolov, 1993; Barry et al, 2004). 

Several additional factors have been shown to change the P300 latency and amplitude and serve 

to compliment the cortical updating theory. (I) Habituation to task and repetition of task, as 

shown in an oddball task that led to decrements in P300 amplitude sequentially for each of the 

ten times the task was repeated (Ravden and Polich, 1998). (2) Task difficulty as shown in a 

series of mathematical tasks that gradually increased their level of difficultly, the P300 

amplitudes obtained formed a U-shaped trend from 'extremely easy' to 'extremely difficult' 

(Ullsperger et al., 1987). (3) Mental fatigue was shown during an oddball task to decrease P300 
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amplitude at the end of a three hour testing session, one hour after the three hour testing session 

the P300 amplitude recovered when the task was re-administered (Murata et al, 2005). 

1.1.2 The LC-NE system enhances the signal-to-noise ratio 

The LC-NE system projects to the cortex directly and indirectly via relay thalamic nuclei, 

releasing NE from their terminals (Marrocco et al., 1994). Single cell recordings of the 

somatosensory cortical area related to foot-tap, were found to lead to either excitation or 

inhibition of the cells being recorded. With application of NE to the somatosensory cortical area 

the cells activity was enhanced, either increasing their excitation or increasing their inhibition 

(Waterhouse and Woodward, 1980). Electrical stimulation of the LC in halothane-anesthetized 

rats has been shown to increase cortical measures of arousal, and with recovery of LC to its 

resting state activity reflected decreased measures of arousal (Berridge and Foote, I 994). 

Stimulation of the LC with cholinergic agonist (bethanechol) has been shown to increase the 

extracellular levels of NE in the cortex (Berridge and Abercrombie, 1999). This enhanced 

activity recorded in the cortex was attenuated by intracerebroventricular application of a ~ 

antagonist (propranolol) (Berridge and Foote, 1994). 

The suprachiasmatic nucleus is known to regulate diurnal rhythms (Ganong, 2001) and has been 

shown to indirectly innervate the LC via the dorsomedial hypothalamus (Aston-Jones et al., 

2001). During slow wave sleep and paradoxical sleep the LC showed minimal or no activity, 

and was reflected by low frequency band activity and high amplitude in the cortex (Aston-Jones 

and Bloom, 1981a). However prior to wakefulness and during wakefulness the L~'s activity 

increased, and was reflected by high frequency band activity and low amplitude in the cortex 
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(Aston-Jones and Bloom, 198 la). Lesions of the indirect pathway between the suprachiasmatic 

nucleus and the LC were shown to alter the LC's diurnal rhythm (Aston-Jones et al., 2001 ). In 

the anesthetized rat stimulation of the LC, with a cholinergic agonist (bethanechol) led to 

increased cortical arousal, with a delay that varied from five to thirty seconds (Berridge and 

Foote, 1991). Intraveneous infusion of an a2-agonist (clonidine) or ~-antagonist (propranolol) 

attenuated the increase in cortical arousal seen with cholinergic agonist application 

(behthanechol) (Berridge and Foote, 1991 ). Additionally in the lightly anesthetized rat 

stimulation of the LC with a cholinergic agonist (bethanechol) led to increased cortical arousal, 

this arousal was attenuated with infusion of a ~-receptor antagonist (timolol) into the medial 

septa! area (Berridge and Foote, 1994). In lightly anesthetized rats electrical stimulation of the 

LC was not attenuated with unilateral infusion of ~-receptor antagonist (timolol) into the medial 

septa! area, however bilateral infusion led to decreased cortical arousal (Berridge and Foote, 

1994). Conversely infusion of a ~-receptor agonist (isoproterenol) into the medial septal area, 

increased periods of wakefulness, as was characterized by increased cortical arousal and 

decreased periods of REM sleep (Berridge and Foote, 1996). However in the awake animal, 

infusion of a ~-receptor antagonist (timolol) into the medial septa! area elicited no change in 

cortical arousal levels during the period that the LC was stimulated (Berridge and Foote, 1994). 

The release of NE when the LC is stimulated is seen to enhance the 'signal-to-noise' ratio in 

cortical structures (Berridge and Foote, 1994; Waterhouse and Woodward, 1980; Maxon et al., 

2007). 
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These studies suggested Lhat stimulation of the LC during different arousal states led to enhanced 

Levels of cortical arousal, whtch in tum led to enhancement of sensory neuronal input and 

suppression of backgrounJ ·non-informative' neural activity. thereby enhancing the ' signal-to-

noise rauo· (Berridge and Foote, 1994; Waterhouse and Woodward. 1980; Moxon et al., 2007). 

Together activatJon of the LC and its te1minal release of NE in the cortex enhanced relevant 

signals either from external stimuli or internal stimuli to facil itate optimal behavioural output. 

lncorroration of this suggestion within the Yerkes and Dodson (1908) theory fo r the relationship 

b'-'lween performance and arousal, suggests that optimal performance requires certain levels of 

LC activity and NE release (figure 1.2). 

.luw 

LC-NEsys1mt 
improvina --~ nbD 

.M>ttsill 

Figu re l.2 \'etkes-Dodson theory ( 1908) showing the relationship between perfonnance and level of arousal, with 
the suggested wLndow in which Lhe LC-NE system enhances the signal- to-noise ratio to fac11itate optimal 
pL'Tfonnance. 

/ . l.3 LC-NE system's bulance behveen modes of.firing 

The LC-NE system has been found Lo fire in two modes, tonically and p hasically (Astoo-Jom:s 

and Bloom, l981a,b ). During awake states tonic acti vity of the LC persists, :fluctoating between 

lnnd 3 Hz in the rat and monkey (Aston-Jones and Bloom, l98 Ja,b; Foote et a l., 1980). Wht:n 

vegetative behaviours were intenupted or the anima l o rientated toward a different behaviour the 
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LC's firing rate changed to bursts of activity, phasic activity (Aston-Jones and Bloom, 198la,b). 

Additionally several studies have demonstrated phasic firing of the LC during novel or 

unexpected sensory stimulation (Bouret and Sara, 2005; Rajkowski et al., 1994; Sara et al., 1995; 

Aston-Jones et al., 1991 a,b; Grant, 1988). In monkeys the intensity of phasic LC firing was 

found to be dependent on the type of stimulus, presentation of coloured fruit juice ( coloured fruit 

juice was used as a reward during testing sessions) led to intense phasic burst activity (7-15 Hz). 

When animals were presented with a novel tone, phasic burst activity occurred but with a lower 

intensity (2-6 Hz) (Foote et al., 1980). Electrical induction of phasic activity of the rat LC (3.6 

pulses, 0.2-0.5 msec duration, 100 Hz) led to brief periods of LC silence, no activity 

(Waterhouse et al., 1998). This period of silence was dependent on the intensity of the electrical 

stimulation the LC received (Waterhouse et al., 1998).Chemical manipulations of the LC failed 

to affect its phasic activity, at least 85% of the LC needed to be lesioned before cortical levels of 

NE were affected (Waterhouse et al., 1998). In addition dorsal noradrenergic bundle lesion's 

greater than 85% led to disruptions in waking and reuptake of NE within the prefrontal cortex, 

however these measures returned to normal levels of function within 25 days (Lidbrink, 1974). 

Stimulation of the LC and its resultant terminal release of NE was suggested to occur in a linear 

fashion, however phasic burst activity of the LC was found to lead to greater release of NE 

cortically than with tonic firing (Florin-Lechner et al., 1996). 

Phasic activity of the LC was attenuated by infusion of an a 1-receptor antagonist (prazosin) or 

when in combination with a ~-receptor antagonist {timolol) which led to decreased cortical 

arousal (Berridge and Espana, 2000). Additionally infusion of an a2-agonist {clonidine) into the 



LC decreased cortical arousal an effect that was attenuated by infusion of an 0.2-antagonist 

(idazoxan) (Berridge et al., 1993; Kawahara et al., 1999). However infusion of an 0.2-antagonist 

(idazoxan) alone was found to elicit no change in levels of cortical NE (Kawahara et al., 1999). 

Tonic activity of the LC was reduced by chronic systemic treatment with a NE-reuptake inhibitor 

(imipramine) which increased cortical NE (Linner et al., 1999; Swanson et al., 2006). With acute 

infusions of NE-reuptake inhibitors (atomoxetine, methylphenidate) or o.2-receptor antagonist 

(idazoxan) prefrontal levels of NE have been shown to increase (Bymaster et al., 2002; Swanson 

et al., 2006). 

Phasic activity of the LC occurred during an operant conditioning paradigm in monkeys (Aston­

Jones et al., 1997). On presentation of target stimuli the LC fired phasically, the animal was then 

rewarded for correct response with drops of juice (Aston-Jones et al., 1997). When the task was 

reversed the LC fired phasically to the new condition and did not fire to the previous condition's 

target stimuli, the phasic firing of the LC occurred before the animal performed the correct 

behaviours for reversal of the task, the phasic activity additionally attenuated as the animal 

obtained the new behavioural conditions of the operant conditioning paradigm (Aston-Jones et 

al., 1997). Tonic activity during a visual discrimination task in monkeys showed that there was a 

difference in tonic firing between 'poor performance' and 'good performance' which led them to 

suggest that the tonic activity of the LC needed to be held in a certain range for optimal 

behavioural performance (Usher et al., 1999). During the good bouts of performance and after 

phasic activity of the LC, the LC was shown to have a brief period of silence, no activity (Usher 

et al., 1999). Additionally the period between the presentation of task stimulus and the phasic 
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activity of the LC was associated with arousal level and attentional performance, suggesting that 

during low levels of arousal and attentional performance LC phasic activity is delayed (Aston­

Jones et al., 1994) or mismatched. Interestingly lesions of the LC have been shown to decrease 

the amplitude of the P300-like ERP component in monkey EEG during the performance of an 

oddball paradigm (Pineda et al., 1989). 

These studies indicate that the LC fires in two manners that affect behaviour differently. Low 

levels of tonic firing are related to decreased levels of behavioural arousal and poor performance, 

and high levels of tonic firing are related to increased behavioural arousal and decreased 

performance. Suggesting that for optimal performance a level of tonic LC activity is required. 

Additionally during very low levels of tonic LC activity a paradoxical effect occurs which 

enhances extracellular NE in the prefrontal cortex, suggesting, that during very low and very 

high levels of tonic LC firing, NE levels within the cortex are elevated. Incorporation of these 

suggestions within the Yerkes and Dodson (1908) theory for the relationship between 

performance and arousal, suggests that optimal performance requires a certain level of LC tonic 

activity, which permits phasic firing to enhance the 'signal-to-noise ratio' to facilitate optimal 

performance (figure l .2). 
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Figure 1.2 Yerkes-Dodson theory (1908) showing the relationship between performance and level of arousal. Tonic 
and phasic activities of the LC are required during different levels of arousal. Tonic activity of the LC needs to be 
within a range of activity to allow the phasic firing of the LC and its facilitatory enhancement of the signal-to-noise 
ratio required for optimal performance. 

1.1.4 LC-NE terminal release and regulation 

Glutamatergic-thalamocortical projections and their release of glutamate was shown to increase 

the release of NE from the LC-NE terminals (Marek and Aghajanian, 1999; Marek and Zhang, 

2008). Glutamate receptors are broadly defined as non-NMDA, NMDA and metabotropic 

glutamate receptors. Non-NMDA receptors include AMPA and kainate receptors. When these 

receptors are activated they elicit fast EPSPs through rapid influx of Na+ ions (Takahashi, 2005; 

Kandel et al., 2001 ). AMP A receptors are fast adapting in the sense that they are capable of rapid 

desensitization or internalization (Attwell and Gibb, 2005; Rusakov and Kullman, 1998) and are 

able to translocate to the surface of the postsynaptic terminal (Ashworth-Preece et al., 1999). 

Desensitization and internalization reduces the excitability of the postsynaptic terminal and 

translocation to the membrane surface permits reinforcement of the pathway(s) they are involved 

in (Attwell and Gibb, 2005; Derkach et al., 2007). The NMDA receptors require coincidence for 

13 



their activation, requiring depolarization of the nerve terminal prior to the opening of their ion 

channels (Paoletti and Neyton, 2007). NMDA receptors when activated allow large influx of 

Ca +2 and Na+ into the synaptic terminal, their activities are temporally longer than the non­

NMDA receptors (Paoletti and Neyton, 2007; Derkach et al., 2007). Calcium entry leads to a 

cascade of events including internalization and translocation of non-NMDA receptors in the 

depolarized terminal membrane (Lee et al., 2003). Additionally NMDA receptor subunits are 

known to down-regulate during particular stages of development (Takahashi, 2005). This down­

regulation of NMDA receptor subunits has been related to decreased synaptic plasticity 

(Takahashi, 2005). These findings are suggested to accentuate the temporal relationship between 

the ionotropic glutamate receptors that leads to either strengthening of synaptic transmission or a 

decrease in synaptic transmission. Infusion of a non-NMDA receptor agonist (kainate) into the 

LC was shown to increase the levels of extracellular NE in the rat cortex (Kawahara et al., I 999; 

Lehmann, l 992; Kodama and Koyoma, 2006). Antagonism of NMDA receptors had no effect on 

extracellular levels of NE in the medial prefrontal cortex (Kawahara et al., l 999). Metabotropic 

glutamate receptors (MGluR 1-8) are found in several brain areas including the hippocampus, 

neocortex and the cerebellum (Ozawa et al., 1997). Postsynaptic metabotropic glutamate 

receptor activation leads to slow depolarization and increased firing rates (Ozawa et al., 1997) 

and presynaptic MGluR activation leads to either excitation or inhibition of synaptic 

transmission (Nakanishi, 1994). Extracellular glutamate is primarily taken-up by glia and the 

presynaptic terminals (Herrman and Jahr, 2007; Torres and Amara, 2007). Glutamate released in 

forebrain structures has been related to stress, as seen by tail-pinch (Bagdley and Moghaddam, 

1997). The release of glutamate was shown to attenuate with repetition of the stressor (Bagdley 
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and Moghaddam, 1997). Intraperitoneal injection of a GABA A receptor agonist ( diazepam) 

prevented this attenuation of glutamate release to repeated tail-pinch (Bagley and Moghaddam, 

1997). Norepinephrine has additionally been shown to lead to the release of glutamate within the 

cortex, through the activation of a. 1-receptors (Marek and Aghajanian, 1999). These findings 

suggest a synergistic activation and release between glutamatergic and noradrenergic nerve 

terminals. 

Cortical neurons project to the LC and serve as a major afferent, specifically glutamatergic 

neurons (Amsten and Goldman-Rakic, 1984; Jodo et al., 1998; Jodo and Aston-Jones, 1997). 

This feedback has been show to maintain the tonic activity of the LC in the resting state (Jodo 

and Aston-Jones, 1997a, b). In addition the LC has axon collaterals that innervate its vast 

dendritic field, supplying efferent feedback to the LC (Aghajanian et al., 1997; Harley, 2007; 

Swanson, 1976). Decreased synthesis of NE in the LC through application of a-methyl-p­

tyrosine or administration of a NE receptor antagonist (chloropromazine hydrochloride) 

decreased the efferent feedback to the LC which decreased the self-reinforcement of its resting 

state tonic activity (Ritter and Stein, 1973). Two major afferents to the LC located in the rostral 

medulla are the paragigantocellularis nucleus and the prepositus hypoglossi nucleus (Ennis and 

Aston-Jones, 1987; Ennis and Aston-Jones, 1989; Singewald and Philippu, 1998). The 

paragigantocellularis nucleus receives input from a variety of nuclei involved in somatosensory, 

auditory and autonomic function (van Bockstaele et al., 1993). Paragigantocellularis nucleus 

afferents to the LC are excitatory and their activity is mediated by non-NMDA receptors (Ennis 

et al., 1992). The prepositus hypoglossi nucleus has been shown to relay visual shifts in attention 
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processing, the LC is suggested to integrate the visual information for adjustments during 

behaviour (Ennis and Aston-Jones, 1989), and this integration of visual information is achieved 

through inhibition of the LC by activation of GABA receptors (Aston-Jones et al., 199la,b; van 

Bockstaele et al., 2001 ). Earlier studies initially suggested that the nucleus tractus solitarius was 

a major afferent to the LC, however this was not supported by antidromic stimulation studies of 

the LC that further emphasized the afferent connections of the prepositus hypoglossi nucleus 

with the LC (Ennis and Aston-Jones, 1989; van Bockstaele et al., 2001 ). 

The LC receives corticotrophin releasing factor (CRF) from several brain areas including the 

central amygdala, the bed nucleus of the stria terminalis and Barrington's nucleus (Valentino et 

al., 1996; Lechner and Valentino, 1999). The CRF receptors of the LC have been found to co­

localize with glutamate receptors and are found on the vast dendritic fields of the LC (Valentino 

et al., 2001 ). The activation of the LC by CRF leads to increased release of NE at terminals and 

is suggested to prime the LC to environmental stressors that require change in the behaviour of 

the organism (Valentino et al., 1983; Valentino et al., 1989; van Bockstaele et al., 1996; Koob et 

al., 1994; Abercrombie and Jacobs, 1987). The increased release of NE from LC terminals has 

been shown to act on the ~-receptors in the basolateral amygdala (Ferry et al., 1999). During 

blood volume loss initially both the LC-NE system and sympathetic noradrenergic fibres fire, 

with continuous decrement in blood volume the sympathetic noradrenergic fibres are inhibited 

and the LC activity persists (Elam et al., 1986). Electrophysiological recordings of the LC have 

shown that activation of LC neurons evoked due to the fall of blood pressure in response to 

nitroprusside was inhibited with intracerebroventricular infusion of a CRF antagonist (a-hCRF), 
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thus the fall of blood pressure elicited by nitroprusside activated LC neurons by release of CRF 

(Curtis et al., 1993). Peripheral sensory stimulation led to firing of the LC and sympathetic nerve 

fibers, firing of the LC-NE system led to increased release of NE at terminal sites and release of 

NE from the sympathetic nerve fibers (Elam et al., 1986; Theiss and Heckman, 2005). The 

Barrington's nucleus release of CRF onto the LC has been associated with stimulation of 

defecation (Monnikes et al., 1994 ), inhibition of gastric secretion (Selden et al., 1990), and 

stimulation of micturition (Elam et al., 1986; Page et al., 1992). Interestingly LC activity is also 

required for the pre-ovulatory surge of luteinizing hormone (Anselmo-Franci et al., 1997; 

Szawka et al., 2006; Wright and Jennes, 1993; Morgane and Jacobs, 1979; Leger and Descarries, 

1978; McRae-Deguerce and Milon, 1982; Dotti and Talesnik, 1984, Morello and Taleisnik, 

1987). 

The hippocampus is innervated by noradrenergic fibres arising from the LC (Pasquier and 

Reinoso-Suarez, 1978; Foote et al., 1983; Jentsch, 2005; Aston-Jones et al. 1999; Southwick et 

al., 1999; Bunsey and Strupp, 1995). Excitation of the LC leads to synchronization of 

hippocampal EEG, enhancing theta activity (Waterhouse et al., 1988; Berridge et al., 1993; 

Berridge and Wifler, 2000; Brown et al., 2005), this synchronization can be attenuated by 

bilateral LC pretreatment with a ~-antagonist (propranolol) (Waterhouse et al., 1988; Berridge 

and Foote, 1994) or infusion of a ~-antagonist (timolol) at the level of the medial septa! area in 

the anesthetized animal (Berridge and Wifler, 2000). In addition, direct bilateral LC infusion of 

an a.2-agonist (clonidine) inhibited LC firing and changed hippocampal EEG frequency from its 

normal prominent theta activity to a range of mixed frequencies (Berridge et al., 1993). Infusion 
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of NE has been shown to promote long-term potentiation through the activation of ~-receptors 

and the effects of NE were only shown at the local site of the infusion (Harley et al., 1996). In 

vitro studies confirmed this enhancement by NE (Heginbotham and Dunwiddie, 1991; Stanton 

and Harvey, 1987). The hippocampus has been implicated in a number of behaviours including 

novelty detection (Lee et al., 2005; Wu and Sutherland, 2006), spatial memory (Wright et al., 

2004), and exploratory behaviour (Wright et al., 2004). Electrical stimulation of the LC or 

application of glutamate when paired with stimulation of the perforant pathway was shown to 

cause long-term potentiation within the dentate gyrus (Harley et al., 1989). With intraperitoneal 

injection of a ~-receptor antagonist (propranolol) the pairing of the LC with stimulation of the 

perforant path led to long-term potentiation in the dentate gyrus only if paired with electrical 

stimulation of the LC and did not occur with application of glutamate to the LC (Harley et al., 

1989; Harley et al., I 985). In a low Mg+2 cortical slice preparation NMDA receptors are 

spontaneously active With application of an a 1-receptor agonist to the entorhinal cortex 

spontaneous NMDA receptor activity was inhibited, and application of a ~-receptor agonist 

enhanced the spontaneous NMDA receptor activities in the dentate gyrus (Stanton et al., 1987). 

Release of NE at hippocampal terminal sites was facilitated by NMDA receptor activation 

(Andres et al., 1993) and glutamate release correlated with ~-receptor function of the 

hippocampus (Harley et al., 1996; Harley, 2007). In freely moving rats infusion of a ~-receptor 

agonist does not facilitate long-term potentiation in the dentate gyrus (Straube and Frey, 2003). 

Synaptic concentration of NE in the dentate gyrus was required to be thirty times that of basal 

levels, as three to six times basal level of NE did not elicit potentiation (Harley et al., 1996; 

Harley, 2007), and higher levels did not facilitate long-term potentiation (Almaguer-Melian et 
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al., 2005). These findings further accentuate the synergistic activation between glutamatergic and 

noradrenergic nerve terminals. 

Within the CA 1 region of the hippocampus, increased extracellular Ca +i has been shown to lead 

to the release of glutamate from glial cells, and has additionally been shown to cause 

synchronous firing of the CA I neurons (Carmignoto and Fellin, 2006). With antagonism of 

NMDA receptors within the hippocampus, release of NE is significantly decreased. A similar 

effect was observed with application of a Na+ channel antagonist (Andres et al., 1993). ~­

receptor activation was required for the phosphorylation of Ser845 and Ser83 l that are required 

for the delivery of GluRI to the synapse. GluRl, a subunit of glutamate receptors, enhances 

synaptic long-term potentiation. This was directly confirmed by enhancement of memory 

formation and contextual fear conditioning following ~-receptor activation (Hu et al., 2007). 

Phosphorylation of GluR I was required for the retention of spatial memory (Lee et al., 2003). In 

addition, application of NE or electrical stimulation of the LC was shown to provide the required 

depolarization to meet threshold in neurons that were being held at a subthreshold level in a brain 

slice preparation (Waterhouse et al., 1988). These studies suggest that LC-NE needs to meet 

several criteria to function as a neuromodulator and enhance the signal-to-noise ratio to facilitate 

optimal performance. 

1.2 Attention 

'Attention is a general term referring to the selective aspects of perception that function so that at 

any instant an organism focuses on certain features (salience) of the environment to the exclusion 
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of other features. Attention may be conscious in that some stimulus elements are actively 

selected out of the total input, although, by and large, we are not explicitly aware of the factors 

which cause us to perceive only some small part of the total stimulus array' (Reber, 1995). 

Attention has been decomposed into brain networks' activated during attentional task 

performance and include: (I) alerting, (2) orienting, and (3) executive control (Posner et al., 

2006). (I) Attentional alerting being the acquisition and maintenance of the alert state required to 

perform the task. (2) Attentional orienting toward the sensory stimuli that require attention. (3) 

Attentional executive control which facilitates the resolution of conflict between performance 

and affect (Posner et al., 2006; Coull, 1998). Posner and Petersen ( 1990) proposed two 

attentional networks: ( 1) anterior attentional network and the (2) posterior attentional network. 

The (I) anterior attentional network has been suggested to involve the detection of sensory 

targets and is strongly reliant on the anterior cingulate cortex. The (2) posterior attentional 

network has been suggested to involve sensory attentional orienting and is reliant on the 

functioning of the posterior parietal cortex, superior colliculus and thalamic pulvinar. Both of 

these attentional networks require interaction with arousal systems and with each other to 

facilitate attentional performance (Posner and Petersen, 1990). A series of positron emission 

tomography studies during the completion of a rapid visual information processing attentional 

task revealed that administration of an a2-agonist (clonidine, 1.5 µg/kg) decreased regional 

cerebral blood flow ( used as a marker of neuronal activity) in the medial occipital cortex, inferior 

parietal cortex, medial frontal cortex, and inferior frontal gyrus (Coull et al., 1999). The same a2-

agonist increased the neural connectivity that usually occurred during activation of the 

attentional networks, between the LC and parietal cortex, and between the parietal cortex, 
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thalamus, and frontal cortex (Coull et al., 1999). Interestingly during rest, functional neural 

connectivity was decreased (Coull et al., 1996). This was reinforced by earlier studies where an 

a.2-agonist ( clonidine 1-4 µg/kg) caused participants to become very drowsy and just prior to the 

commencement of their cognitive task the participants would bring themselves to near fully 

conscious states (Hall et al., 2001, 2000). These studies accentuate the LC-NE system and it role 

in the regulation of attention and arousal, through enhancing the connectivity as seen by pathway 

tracing in positron emission tomography between the LC-NE system and several brain regions 

required for attention. 

Animals with dorsal noradrenergic bundle lesions greater than 84% have been shown to have 

decreased attentional performance while completing a five choice serial reaction time task, 

including increased errors and omission when stimuli were presented with increased speed and 

less predictability (Carli et al., 1983). In a task that serves to measure attention and impulsivity, a 

delayed alternation performance task in a T-maze, infusion of an a. 1-receptor agonist 

(phenylephrine) into the prefrontal cortex decreased attentional performance (Arnsten et al., 

1999). This decreased attentional performance with the infusion of an a. 1-receptor agonist was 

reversed by the administration of a a.,-receptor antagonist ( uripidil) (Arnsten et al., 1999). In an 

attentional-shifting paradigm, which included odor and texture discrimination, administration of 

an a.2-antagonist (atipamezole) reduced the number of trials required to learn the reversal of the 

task. Administration of an a.2-agonist had no effect (Lapiz and Morilak, 2006), whi1e 

pretreatment with an a.i-antagonist (atipamezole) and administration of an a.1- antagonist 

(benoxathian) decreased the ability to shift or acquire the reversal of the task (Lapiz and Morilak, 
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2006). Administration of non-sedative doses of o.2-agonist ( clonidine) or a ~-antagonist 

(propranolol) prevents attention to novel objects in a novel-hole-board paradigm (Sara et al., 

1995). The studies accentuated the importance in maintenance of the LC-NE system's integrity 

relies on differential activation at the level of the LC and the LC-NE nerve terminals this adds 

additional complexity to the LC-NE system and its role in attention and arousal. 

1.3 Hypoarousal and the LC-NE system in attentional performance 

The inability to withhold a response is seen as a measure of impulsivity (Aron and Poldrack, 

2005). 'Healthy' participants who are not able to withhold responses show higher error rates and 

shorter response times during attentional performance (Kirkeby and Robinson, 2005; Svebek et 

al., 1987; Dimoska and Johnstone, 2007), and have characteristics of absentmindedness (Roche 

et al., 2005), do not take the task seriously (Svebak et al., 1987), and use a more 'reflexive 

strategy' in responding (Kirkeby and Robinson, 2005; Ruchsow et al., 2008). It has been 

suggested that healthy impulsive individuals fail in-part during updating of stimulus presentation, 

therefore show deficits in the 'orienting response' (Donchin and Coles, 1988). During a task of 

response inhibition 'healthy' individuals who performed poorly showed decreased P300 

amplitudes (Svebek et al., 1987; Ruchsow et al., 2008). A later study showed that the amplitude 

of the P300 component increased when the participants made an error (Roche et al., 2005). 

'Healthy' participants who took the task seriously, showed greater accuracy and lower errors, 

and greater amplitudes in the P300 component of the ERPs. The administration of a NE reuptake 

inhibitor (atomoxetine) improved response inhibition in healthy adults (Chamberlain et al., 2006; 
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Chamberlain et al., 2007). Impulsiveness in 'healthy' individuals has been shown to occur rather 

broadly and suggests controlling for impulsivity within the 'healthy' controls during studies of 

impulsivity. 

Attention-deficit hyperactivity disorder (ADHD) is presently categorised in the DSMV-IV into 

three subtypes: (1) predominantly hyperactive-impulsive subtype that includes characteristics of 

increased motor behaviour, short attention-span, distractibility, impulsiveness, and lack of self­

control. (2) Predominantly inattentive subtype that includes characteristics of, difficulty in 

sustaining attention, inattention to detail and difficulty completing tasks. (3) Combined type that 

includes characteristics of both subtypes (1 and 2, Sue et al., 2000). An alternative subtyping has 

recently been suggested to characterize ADHD, with the aim of being able to type individuals 

with ADHD into three physiologically measurable subtypes. ( l) Hypoarousal ADHD 

characterized by increased theta activity in frontal regions more so than posterior, decreased beta 

activity with normal alpha activity. (2) Maturational lag ADHD characterized by increased 

frontal and decreased posterior total power from the filtered EEG trace, and increased delta 

activity across the scalp. (3) Hyperarousal ADHD characterized by increased beta activity 

(Clarke et al., 200 l, 2002, 2007). 

Childhood ADHD has been found to persist into adulthood, 36.3% of 3197 participants showed 

persistence of ADHD in a study conducted in the USA (Kessler et al., 2005). Individuals with 

ADHD showed increased levels of theta activity across all ages, while relative delta activity 

decreased with age, suggesting that increased theta activity is related to impulsivity, while the 

increased delta activity is related to hyperactivity which rarely persists into adulthood 
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(Bresnahan et al., 1999). These changes in frequency have been shown to differ topographically 

for different age groups. Adolescents with ADHD showed increased relative theta power in 

posterior regions when compared to 'healthy' individuals (Hobbs et al., 2007). Children with 

ADHD showed higher relative theta power in frontal regions and posterior regions than 'healthy' 

controls (Clarke et al., 2002). Adults with ADHD showed higher global theta activity than 

'healthy' controls (Clarke et al., 2008) indicating differences regionally between age groupings 

for frequency measurements of EEG (Barry et al., 2003). In addition individuals with ADHD 

showed increased relative beta activity during resting states (Clarke et al., 2007), and during 

physical and cognitive activity (Ackerman 1994, 1995). When individuals with ADHD 

completed a cognitive task beta activity was reduced (Mann et al., 1992) and theta activity 

increased (Hermens et al., 2005). On finding these differences in theta activity and beta activity 

in individuals with ADHD, the ratio of theta/beta activity was suggested to be a prominent 

characteristic found within the EEG of individuals with ADHD (Hobbs et al., 2007, Clarke et al., 

2002; Monastra et al., 1999, 2001; Bresnahan et al., 1999, Bresnahan and Barry, 2002). 

Two ways in which cognitive task performance and cortical arousal have been improved in 

individuals with ADHD are: (1) low dose stimulant medication (Chamberlain et al., 2007) and 

(2) biofeedback in which beta activity was improved/increased and has been shown to reduce 

hyperactive behaviour and impulsive behaviour whilst simultaneously improving attentional 

abilities, this form of training also leads to decreased response times and increased P300 

amplitudes over parietal cortex (Gruzelier et al., 2006). In addition sympathetic activity as 

measured by skin conductance levels and skin conductance responses were shown to be reduced 
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and fewer in individuals with ADHD (O'Connell et al., 2004; Beauchaine et al., 2001. However, 

during the completion of an auditory oddball task skin conductance responses were non-specific 

and poorly related to performance of task in individuals with ADHD (Hermens et al., 2005). An 

interesting aspect of individuals with ADHD was their reported increase in their perception of 

social stress, however they did not show this association physiologically as plasma cortisol, a 

measure of hypothalamic pituitary adrenal axis (HPA-axis) activity, was not increased in 

individuals with ADHD during completion of a stressful cognitive sorting task (King et al., 1998; 

Randazzo et al., 2007). These studies support the hypoarousal and hyperarousal models 

suggested by Clark and his colleagues for ADHD (Clarke et al., 2001, 2002, 2008). 

The spontaneously hypertensive rat (SHR) was initially developed for the study of adulthood 

hypertension (Okamoto and Aoki, 1963), this adulthood hypertension is a persistent 

characteristic of the strain (152 ± 6 mmHg) in comparison to its 'standard' normotensive control 

the Wistar-Kyoto (WKY, 102 ± 4 mmHg) (Singewald et al., 2000; Kaehler et al., 2004). In later 

years the SHR was found to exhibit increased locomotor activities and has been used as an 

animal model of ADHD (Knardahl and Sagvolden, 1979). SHR show high levels of locomotor 

activity when compared to several strains of rat in the open-field including: WKY (Sagvolden et 

al., 1993; Sukhanov et al., 2004), Lewis (Hinojosa et al., 2006) and when young adult SHR 

(PND 30) show higher activity than young adult Wistar (PND 30) (van den Burgh et al., 2006). It 

should be noted that increased activity within an arena such as the open-field apparatus can also 

be looked upon as exploratory behaviour, as the animal 'investigates' their environment. When 

the animal's home-cage was attached to the open-field and the animals were given the choice of 
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entering the open-field, SHR still spent greater amounts of time ambulating and exploring the 

open-field than WKY (Wultz et al., 1990; Kaehler et al., 2004). Additionally SHR spent greater 

amounts of time in the centre area (inner zone) of the open-field arena than WKY, which 

suggests reduced anxiety (Wultz et al., 1990; Kaehler et al., 2004 ). When novel objects were 

placed in the open-field, SHR explored the objects more readily and increased their time spent 

exploring them on the successive days of testing, in comparison with WKY (Knardahl and 

Sagvolden, 1979; Rogers et al., 1998). In a novel hole-board experiment SHR showed higher 

levels of activity in comparison with WKY, Lewis and Fisher 344 (Marti and Armario, 1996). 

These studies show the persistent hyperactivity of the SHR and its increased exploratory 

behaviours as compared with several strain of rat. 

SHR have been shown to be unable to sustain attention as they show an inability to complete 

tasks with repeated exposure, and reduced retention of spatial memory shown in a water version 

of the radial arm maze (Clements and Wainwright, 2006). ln the water version of the radial arm 

maze when an animal found a platform it was removed, this occurred for each of the successfully 

found platforms, the animal would then be removed from the maze and returned at increasing 

intervals, SHR made more errors than Sprague-Dawley (SD) and as the weeks progressed SHR 

performance further deteriorated and they stopped their active search to the ends of the arms as 

they had initially done to find the platforms (Clements and Wainwright, 2006). In addition when 

compared with Wistar, SHR rats showed lower levels of acquisition in an eight arm radial maze, 

and with the introduction of a five second time delay SHR's performance deteriorated and 

deteriorated further with an hour delay (Nakamura-Palacios et al., 1996). In a reward baited 
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twelve arm radial maze, SHR's performance excelled in comparison with WKY rats as the SHR 

varied which arm they entered, while the WKY did not. SHR also excelled in an operant task in 

which variation of lever press was taken as a measure of performance. However when a single 

lever press was required, the SHR showed poor performance compared with WKY rats (Mook et 

al., 1993). This study shows that if a task required high levels of variability in response SHR's 

performance was better than Wistar and WKY strains. SHR performed poorly in comparison 

with WKY and Wistar rats in a response inhibition task showing increased impulsivity, when 

differential reinforcement was delayed (for up to 72 sec), during which time the animals were 

required to inhibit lever press (van den Bergh et al., 2006). A second study looked at a similar 

paradigm, finding no difference in acquisition or performance of this task for SHR, WKY and 

SD rat strains (Ferguson et al., 2007). A second test of response control, a temporal response 

differentiation task (as used in van den Bergh et al., 2006) found no difference in acquisition and 

performance between SHR, WK Y and SD rats (Ferguson et al., 2007). SHR rats at either P90 or 

P300 succeeded in the acquisition of an operant food reinforcement task and reversal learning of 

the task faster than WKY. SHR rats acquired the spatial location of a platform submerged under 

water within the Morris water maze, more effectively than WKY and Goldblatt renal 

hypertensive rats (Widy-Tyszkiewicz et al, 1993). However, in acquisition of a spatial food 

reinforcement task, in a T-maze, SHR and WK Y performed equally well/poorly (Lukaszewska 

and Niewiadomska, 1995). 

SHR entered the open arms of an elevated-plus maze, employed as a measure of reduced 

anxiety, more than Brown Norwegian (Ramos et al., 1997), SD (Ferguson and Gray, 2005), 
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Wistar Furth (Ramos et al., 1997), Fischer 344 (Ramos et al., 1997), WK Y (Ramos et al., 1997; 

Ferguson and Gray, 2005), and Lewis rats (Hinojosa et al., 2006). Interestingly 'control' (Wistar) 

animals with low anxiety as shown by open-field and elevated-plus maze behaviours, had 

reduced levels of corticosterone receptor expression in their hippocampi and showed faster 

acquisition and memory retention in the water maze than SHR (Herrero et al., 2006).A measure 

of 'behavioural despair', the forced swim test, is used to test the effectiveness of antidepressant 

medications (Porsolt et al., 1978). Several studies indicate that SHR have reduced immobility 

and greater periods of struggling in comparison to Lewis rats (Hinojosa et al., 2006; Lahmame 

et al., 1997; Armario et al., 1995), WKY (Lahmame et al., 1997; Armario et al., 1995), and 

Fischer 344 rats (Lahmame et al., 1997; Armario et al., 1995). 

These studies serve to confirm the SHR as a behavioural model of ADHD, sharing several 

characteristics of individuals with ADHD including: hyperactivity, increased exploration, 

decreased attentional performance, variability in performance, and reduced anxiety. These 

characteristics slot in with the proposed subtyping of ADHD as a disorder of 'hypoarousal' 

(Clarke et al., 2001, 2002, 2007). In addition results from the forced swim test suggest that SHR 

behaviour is resilient to pervasive stressors such as the forced swim test. 

The levels of NE within the LC of Wistar rats was shown to be higher than SHR and WKY, 

shown by HPLC (Felten et al., 1984). Basal levels of NE in the LC and prefrontal cortex was 

shown to be higher in SHR compared to WKY (de Villiers et al., 1995). No difference was found 

in basal release of glutamate and GABA in the LC of SHR and WKY rats (Kaehler et al., 2004). 
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Glutamate infusion into the LC led to increased release of NE in the posterior hypothalamus of 

SHR, when compared to WKY (Kawasaki et al., 1991). Tail pinch elicited release of GABA and 

glutamate in the LC, interestingly GABA released from SHR was higher than WKY (Kaehler et 

al., 2004). With acoustic startle, SHR increased glutamate release in amygdala (50% increase), 

this increase was not evident for WKY (Singewald et al., 2000). The density of a.2-receptors was 

reduced in the cerebral cortex, hypothalamus and medulla oblongata of SHR in comparison with 

WKY (Olmos et al., I 99 I). Administration of an a.2-agonist (guanfacine 0.01-0. l mg/kg) did not 

change SHR or WKY performance during a visuospatial divided attention task (Jentsch, 2005). 

In a second study administration of an a.2-agonist (guanfacine, 0.3 mg/kg) reduced activity in 

SHR and marginally improved accuracy in an operant food reward task. In WKY an a.2-agonist 

(guanfacine, 0.6 mg/kg) decreased performance in the operant food reward task (Sagvolden, 

2006). These studies indicate differences in the basal LC-NE system as manipulations of the LC­

NE system led to differential effects behaviourally and neurochemically in the SHR when 

compared to several strains of rat. 

From these studies it is suggested that impulsive 'healthy' individuals, individuals with ADHD 

and the SHR have dysfunction of the LC-NE system. We suggest overlay of these findings onto 

the Yerkes and Dodson ( 1908) relationship between arousal levels and performance (Yerkes and 

Dodson, 1908). This leads us to suggest that these 'hypoaroused' individuals would appear off 

centre to the left, as their arousal is insufficient and their performance is poor (figure 1 .4). 
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Arousal 

Figure 1.4 The Yerkes & Dodson (1908) relationship between arousal leve l and performance with the proposed 
window of'hypoarousal' that suggests reduced 1evels of perfonnance as seen in ADHD and SHR due to thl! LC-NF 
system dysfunction_ 

L.4 Hypcraronsal and the LC-NE system in attentional performance 

Anxiety is 'a vague, unpleasant emotional state with qualities of apprehension, dread, distress 

and uneasiness. 1n learning theory, the term is used to represent a seconda1y (<,r conditioned) 

drive which functions to motivate avoidance responding, thus an avoidance response is assumed 

to be reinforced by a reduction m aIL"{icty' (Rebers). Wi'thin 'healthy' participants' high levels of 

anxiety are associated with poor attentional performance as individuals pay attention to nnn­

inforntative and aversive stimuli (Avila et al., 2002). In addition EEG recordings of anxioui. 

inchviduals have been found to exhibil decreased theta activity in the frontal midline during 

cognitive tasks {Ishihara and Yoshii, 1972) and in 'healt11y' individuals increased theta ttcliv-ity 

Ol'Curred during personal rumination oyer parietal and occipital cortices (Andersen et al., 2008). 

· JJyperaroused' anxious individuals have also been shown to have increased HP A-axis activity 

as shown in morning levels o f CRF and plasma cortisol (Catalan et al., 1998; van Niekerk ct nl., 

2001). 
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An anxiety disorder post-traumatic stress disorder is often characterized by the re-experiencing 

of a traumatic experience, showing characteristic emotional numbing or avoidance of any stimuli 

related to the traumatic experience, physiologically these individuals present as being 

'hyperaroused' (Sue et al., 2000). Post-traumatic stress disorder has been linked to the LC-NE 

system in several ways including: decreased platelet expression of a2-receptors (Southwick et al., 

1999), and in culture a2-receptors show greater sensitivity (Southwick et al., 1999). Post-mortem 

studies on war veterans diagnosed with post-traumatic stress disorder revealed decreased LC 

neuron counts (Bracha et al., 2005). In addition, administration of an a 2-antagonist (yohimbine) 

to individuals with post-traumatic stress disorder caused them to recall the traumatic events 

and/or led to panic attacks (Southwick et al., 1999). A second disorder strongly associated with 

anxiety is depression. Depression is additionally characterized with feelings of hopelessness, 

difficulty in decision making, social withdrawal, lowered productivity, psychomotor retardation, 

sleep disturbances, and several other physiological dysfunctions related to hyperarousal (Sue et 

al., 2000). The severity of affective symptoms has been associated with a decreased ability to 

sustain attention (Clarke et al., 2002), and was related to disease progression. Post-mortem 

studies of individuals who were diagnosed with severe depression were shown to have decreased 

LC neuron counts (Baumann et al., 1999), disrupted LC ultrastructure (lssidorides et al., 1989), 

and increased LC a2-receptor expression (Ordway et al., 2003). Additionally victims of suicide 

have been strongly associated with chronic major depression. Post-mortem studies on victims of 

suicide indicated an association with the LC-NE system finding a 23% decrease in LC neuron 

count (Arango et al., 1996) and down-regulation of NE reuptake transporters in the LC (Klimek 

et al., 1997). 
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The WKY has been used as a 'standard' control for the SHR, and has recently been suggested to 

model aspects of anxiety-like related behaviours. These behaviours elicited by WKY include, 

decreased locomotor activity in the open-field in comparison with SHR (Sagvolden et al., 1993; 

Sukhanov et al., 2004), SD (Pardon et al., 2002), Wistar (Braw et al., 2006; Malkesman et al., 

2005), Fischer 344 (Baum et al., 2006) and Lewis rats (Pardon et al., 2002). WKY also spent less 

time in the open-field than SHR (Sukhanov et al., 2004). With their home cage attached to an 

open-field, WKY showed decreased exploration when compared with SHR (Wultz et al., 

1990). WKY showed less activity in the exploration of a novel hole-board paradigm when 

compared with SHR, Lewis and Fischer 344 rats (Marti and Armario, 1996). These studies show 

that WKY have reduced locomotor behaviours and reduced exploration, when compared to 

several rat strains. 

A task in which animals were required to cross an open-field to receive a reward, WKY 

performed poorly and did not acquire the task when compared to SHR (Rogers et al., 1988). 

WKY required a longer period of training in the acquisition of an operant food reinforcement 

task and the reversal thereof than SHR (Widy-Tyszkiewicz et al., 1993). The WKY performed 

poorly in acquisition of the spatial location of an underwater platform in the Morris water maze 

when compared with SHR (Widy-Tyszkiewicz et al., 1993). However in an additional study 

WKY's acquisition of a spatial food reinforcement task in a T-maze was equal to SHR 

(Lukaszewska and Niewiadomska, 1995). WKY were found to not explore the full length of a 

water radial arm maze to find an underwater platform, however, with successive exposures the 

WKY acquisition and performance of task improved (Clements and Wainwright, 2006). WKY 
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showed decreased entries into the open arms of the elevated-plus maze in comparison to Brown 

Norwegian (Ramos et al., 1997), Wistar Furth (Ramos et al., 1997), Wistar (Braw et al., 2006), 

SHR (Ferguson and Gray, 2005) and Fischer 344 rats (Ramos et al., 1997), however, they made 

a similar number of entries as the Lewis strain (Ramos et al., 1997). Freezing behaviour of WKY 

was greater than Wistar in the open-field (Braw et al., 2006; Malkesman et al., 2005), and the 

elevated-plus maze (Braw et al., 2006), and in the conditioned place preference apparatus, the 

reward being social play (Malkesman et al., 2005). WKY showed greater time immobile and less 

time struggling in the forced swim test in comparison with SD (Tejani-Butt et al., 2003), Wistar 

(Tejani-Butt et al., 2003), SHR (Lahmame et al., 1997; Armario et al., 1995; Marti and Armario, 

1996), Lewis (Lahmame et al., 1997; Armario et al., 1995; Marti and Armario, 1996) and Fischer 

344 rats (Lahmame et al., 1997; Armario et al., 1995; Marti and Armario, 1996). Together these 

studies suggest that the WK Y have increased levels of anxiety and hypoactivity when compared 

with several strain of rat. 

These studies support the suggestion that WK Y may serve as a model for anxiety-related 

disorders. As WKY share several characteristics of individuals with anxiety and with disorders 

related to anxiety including: increased anxiety, hypoactivity, decreased exploration, decreased 

attentional performance, and increased immobility. WKY responded to administration of a NE 

and dopamine reuptake blocker (nomifensine) by increasing their activity and time spent 

struggling in the forced swim test (Tejani-Butt et al., 2003), while SD and Wistar rats behaviour 

in the forced swim test was not altered.WKY, SD and Lewis rats showed increased release of 

adrenocorticoid hormone in response to immobilization stress, however WKY adrenocorticoid 
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hormone levels persisted fo1 a longer period of time, taking two hours instead of one hour bi..:fore 

rduming to baseline values (Pardon el al., 2002). Administration of an a.2~agonist (guanfacine) 

did not affect WKY performance in a visuospatial divided attention task (Jentsch, 2005). 

however it decreased perfonnance of WKY in an operant food reward task (guanfacine, 0 6 

mg/kg , Sagvolden, 2006). These studies indicate differences in the LC-NE system as 

manipulations of the LC-NE system led to differential effects behaviourally and neurochemically 

111 the W KY when compared with several strains of rat. 

From these studies it is suggested that anxious 'healthy' individuals, individuals with anx11,;ty 

rela1ed disorders and WKY have dysfunction of the LC-NE system. We suggest overlay of th1;Sc: 

finihngs onto the Yerkes and Dodson (1908) relationship between arousal levels and 

performance (Yerkes and Dodson, 1908). Th.is leads us to sugg1.:sl that these 'hyperarou~ed' 

individuals would appc:ir off centre to the right, as their arousal is excessive and ihcu 

performance is poor (figurd l.5). 

Anudy-like bdlaviows 

Figure 1.5 Yerkes & Dodson (1908) relat ionship between arousal level and performance, with the proposed window 
of 'hyperarousal ' suggesting reduced levels of performance as seen in 'anxious' individuals and WKY due to 
dysfunction of the LC-NE system. 
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1.5 Nicotine and its effects on the LC-NE system 

Attentional deficits have been suggested to lead to the development of nicotine use, as nicotine 

may serve as a form of self-medication (Newhouse et al., 2004; Rezvani and Levin, 2001 ), often 

starting in adolescence (Breslau et al., 2004). Nicotine use in adolescents has been associated 

with poor family relationships (Breslau et al., 2004). Several psychiatric disorders have been 

associated with nicotine use including: ADHD, depression, anxiety-related disorders (including 

obsessive compulsive disorder), schizophrenia, and other substance abuse disorders (Newhouse 

et al., 2004; Spinella, 2005). Nicotine administration improved performance of 'naive' 

individuals on a five choice serial reaction time task as response times were reduced and the 

number of errors increased (Knott et al., 1999), in addition the variability in response times was 

reduced (Levin et al., 1996). Administration of nicotine to nicotine-deprived smokers improved 

their performance by reducing response times and increasing cortical arousal and P300 

amplitudes (Knott et al., 1999; 2005). Administration of nicotine to individuals with ADHD has 

been shown to enhance attentional performance, by reducing their response times and their 

variability (Levin et al., 1996; Conners et al., 1996). In individuals with obsessive-compulsive 

disorder administration of nicotine has been shown to reduce anxiety related compulsive 

behaviors (Lundberg et al., 2004). However an additional study showed that nicotine dependent 

obsessive-compulsives displayed higher degrees of compulsive behaviors (Spinella, 2005). 

Bath application of nicotine to prefrontal cortical slices induced release of both NE and 

dopamine. This release was achieved through the activation of nicotinic acetylcholine receptors 
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(Rao et al., 2003). Pre-incubation of brain slices with [3H]NE, followed by exposure to a 

nicotinic agonist (nicotine or 1, 1-dimethyl-4-phenylpiperazine) led to increased release of 

[3H]NE in several brain regions including the hippocampus and sections of the spinal cord 

(Lambe et al., 2003). Inhibition of NE release was achieved by application of nicotinic 

antagonists ( mecamylamine, hexamethonium, d-tubocurare and dihydro-~-erythoidine) 

(Anderson et al., 2000). In addition bath application of nicotine has been shown to increase the 

excitatory postsynaptic currents in layer V pyramidal neurons, and nicotine was shown to 

facilitate this release of NE by increasing the release of glutamate (Lambe et al., 2003). 

Intravenous injection of nicotine (0.35 mg/kg) has been shown to increase cerebral blood volume 

in the prefrontal cortex, cingulate cortex, amygdala, ventro-caudal hippocampal structures and 

the anterior portion of the nucleus accumbens (Gozzi et al., 2006). Pretreatment with an injection 

of a nicotinic antagonist (mecamylamine) cancelled these regional blood volume changes (Gozzi 

et al., 2006). Subcutaneous injection of nicotine (0.8 mg/kg) has been shown to increase the 

accumulation of DOPA in NE cell bodies and noradrenergic terminals, which can be used for the 

synthesis of NE (Mitchell et al., 1990). Intraventricular injection of nicotine (0.065-0.135 mg/kg) 

has been shown to increase NE release in both the hippocampus and the amygdala in a dose 

dependent manner (Fu et al., 1998). Direct infusion of nicotine into the LC has been shown to 

not lead to increased release of NE in the medial prefrontal cortex, and antagonism of nicotinic 

receptors did not affect the release of NE in the medial prefrontal cortex (Kawahara et al., 1999). 

Chronic treatment with nicotine has been shown to improve performance on the five choice 

serial reaction time task (Hahn and Stolerman, 2005). If animals were not able to acquire the five 

choice serial reaction time task criterion of performance, a nicotinic agonist (nicotine) and 
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nicotinic a,4~2 receptor agonist (SIB l 765F) was able to facilitate the acquisition of the task as 

number of correct responses increased and response times were reduced, however treatment 

increased the number of premature responses (Grottick et al., 2000). These studies accentuate the 

interactions between nicotinic receptor activities and the LC-NE system, and relate this 

interaction to attentional performance and its possible involvement in regulation of arousal levels 

through facilitation of the LC-NE system. 

In a conditioned place preference task Lewis rats were conditioned to nicotine reward more 

readily than Fischer 344 rats, suggesting that there is a genetic component to nicotine addiction 

(Philibin et al., 2005). Chronic nicotine has been shown to accelerate hypertension in adult SHR 

while having no effect on WKY (Ferrari and Fior-Chadi, 2007). The WKY showed increased 

expression of nicotinic receptors in frontal cortex and thalamic areas when compared to SHR, 

however expression was similar to the Wistar strain (Gattu et al., 1997). At the same time 

chronic nicotine has been shown to increase the expression of nicotinic receptors in WKY for 

cerebral cortex lamina I, lamina II, prefrontal and cingulate cortex, with no effect in SHR 

(Hohnadel et al., 2005). With a single pre-treatment of nicotine during adolescence, fear­

conditioning was enhanced in adulthood and time spent in the open-field was reduced in Long 

Evans hooded rat (Smith et al., 2006). Adolescent SD that were pre-treated with nicotine were 

less sensitive to the effects of acute nicotine treatment in adulthood, as the pre-treated rats did 

not respond with increased locomotor behaviour as the 'naive' rats did (Faraday et al., 2003). 

Animals that were chronically treated with nicotine and trained on the five choice serial reaction 

time task, responded differently to acute dose of nicotine (Grottick et al., 2000). When 
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chronically treated animals were given a 0.2 mg/kg dose of nicotine subcutaneously the animals 

decreased their response inhibition and decreased their response latency, and when animals were 

given a 0.4 mg/kg dose of nicotine subcutaneously the animals increased their number of correct 

responses (Grottick et al., 2000). These studies suggest the effect of nicotine differs between 

strains of rat, and needs further elucidation. 

Acute doses of nicotine have been shown to increase locomotor activity in adolescent or adult 

rats (0.1-1.0 mg/kg Long-Evans hooded rat) (Hetzler and Thienpeng, 2004). A specific nicotinic 

~ 4 subunit agonist has been shown to increase locomotor activity, however chronic 

administration did not show this increase in locomotor activity, additionally the acute dose was 

not attenuated by administration of nicotinic receptor antagonists (mecamylamine or dihydro-~­

erythoidine (Grottick et al., 2001). 

The use and effects of nicotine are suggested to decrease attentional deficits and decrease 

anxiety. How nicotine accomplishes this is presently unclear, however the above studies suggest 

that nicotine leads to depolarization of glutamatergic terminals or glia. The released glutamate 

then leads to the release of NE from noradrenergic terminals. Between strains of rat and age of 

the rats nicotine leads to different effects in the release of NE and behavior. Early use of nicotine 

in adolescents both human and rat, Jed to a predisposition to nicotine addiction and the beneficial 

effects of nicotine use in adulthood suggesting a developmental link. The relationship between 

nicotine use and the effects on the LC-NE system in arousal and attention is presently poorly 

understood. 
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1.6 Nature versus Nurture and the LC-NE system 

Environment is known to play a key role in the development of an individual. The question still 

remains open to what extent. The LC-NE system plays a key role in stimulating the 

paraventricular nucleus, leading to the release of CRF (Leibowitz et al., 1989). CRF is the 

critical signal in the HPA-axis mediated 'stress response' and in parallel activates the LC 

(Valentino and van Bockstaele, 2008; Reyes et al., 2006). In the 'stress response' CRF activates 

the pituitary gland to release adrenocorticoid hormone (Ganong, 2001). Adrenocorticoid 

hormone acts on the adrenal cortex to release glucocorticoids. The primary glucocorticoid in 

humans is cortisol and is analogous to corticosterone in the rats, and is generally considered the 

main 'stress' hormone. 

Childhood trauma has been shown to increase the risk and development of depression, anxiety 

disorders including post-traumatic stress disorder and substance abuse (de Wilde et al., 1992; 

Dube et al., 200 I; Johnson et al., 2002; Kendler et al., 1995, Kendall-Tackett, 2000). In addition 

the extent of the trauma has been positively correlated to the development of post-traumatic 

stress disorder and depression (Suliman et al., 2008). The effect of childhood trauma has been 

shown to increase HPA-axis activity (Heim and Nemeroff, 2001; Kendall-Tackett, 2000). 

Childhood sexual abuse is one form of childhood trauma that has been researched quite 

intensively. Individuals from sexual abusive families have been shown to have a greater risk of 

development of mental illness in adulthood (Brown and Anderson, 1993), additionally sexual 

abuse has been associated with attentional problems (Kaplow et al., 2008). Interestingly children 
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are often misdiagnosed with ADHD in cases of sexual abuse, as their behaviour fulfill criteria of 

the DSM-IV, presenting with deficits in attention, restlessness and impulsivity, when they have 

some form of post traumatic stress disorder (Weinstein and Staffelbach, 1998, Weinstein et al., 

2000). Resilience to childhood trauma has been found, suggesting that there was an interaction 

between environment and genetics which may suggest a predisposition to the development of 

mental disease within a human population (Fincham et al., 2008). These studies additionally 

accentuate the distinction between ADHD and anxiety-related disorders and their levels of 

arousal. 

Manipulation of the early postnatal period in rats can limit or enhance the HPA-axis 

environmental adaptive mechanisms as seen in several behaviours (Colorado et al., 2006), 

particularly manipulations performed in the first two weeks of birth (McCarty and Fields­

Okotacha, 1994). This was shown by SHR pups cross-fostered onto WKY dams that resulted in 

the SHR pups not developing adult hypertension and/or showing reduced mean arterial pressure 

when compared to SHR pups reared by their biological dams (McCarty and Fields-Okotcha, 

1994; McCarty and Lee, 1995), and a reduction in SHR adult hypertension was evidenced in 

SHR pups reared by SD dams (Cierpial and McCarty, 1991). In addtion early handling of pups 

has been shown to decrease CRF response to stressors (Fenoglio et al., 2006; Zhang et al., 2006). 

The CRF systems are suggested to be a critical target for the effects of variation in maternal care 

(Francis and Meaney, 1999). Dams which exhibit high levels of maternal licking/grooming and 

arched back nursing (in which dam stands over her pups and arches her back to facilitate 

suckling) was associated with reduced CRF mRNA and enhanced glucocorticoid negative 

feedback leading to a reduction in the stress response (Champagne and Meaney, 2001). In 
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addition reduced expression of CRF mRNA and low maternal licking/grooming led to increased 

levels of adrenocorticoid hormone, increased levels of corticosterone, increased CRF expression 

in the LC and reduced exploration of the open-field (Champagne et al., 2003). In studies of 

maternal separation, pups maternally separated showed increased impulsiveness and 

hyperactivity within a novel environment in adulthood (Colorado et al., 2006). Maternal 

separation has been shown to increase CRF expression in the vicinity of the LC and raphe nuclei 

and increase a2-receptor binding (Caldji et al., 1998). In addition the effects of manipulating the 

maternal environments have been shown to be counteracted by early handling of pups by 

researchers (Colorado et al., 2006) or enriching pups home cage environments, by placement of 

novel objects or tunnel systems in their cages (Francis et al., 2002). Pups that were handled 

during the period of maternal rearing have been shown to decrease their startle responsivity and 

increase their exploration of a novel open-field (Caldji et al., 2000). r nterestingly by depriving 

SHR pups of environmental stimuli by social isolation and/or dark adaptation their 

developmental hypertension was retarded (Hallback, 1975). Additionally weaning rat pups post 

the normal suckling period (PND 21) increased exploratory behaviours and decreased anxious 

behaviours (Ferdman et al., 2007). 

Childhood, or early, manipulations of the environment lead to several changes in the 

development of an appropriately responding HPA-axis. Importantly these changes occur 

differently in different strains of rat and within the human population. The interactions between 

the HPA-axis and the LC-NE system during early development and adulthood is an interestingly 

field of study, that needs further study to reverse the effects of early life trauma. 
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HYPOTHESIS 

We propose the following hypothesis with respect to the functioning of the LC-NE system: 

Individuals with ADHD and SHR at rest have low tonic firing of the LC ( < 1-3 Hz). This leads 

to increased release of NE at the LC-NE terminals, as the terminals are not maintained 

appropriately. Feedback to the LC through cortical glutamatergic neurons (Amsten and 

Goldman-Rakic, 1984; Jodo et al., 1998; Jada and Aston-Jones, 1997) and axon collaterals of the 

LC (Aghajanian et al., 1977; Harley, 2007; Swanson, 1976) that would normally maintain LC 

tonic activity is lacking. These factor together and result in decreased levels of NE at the LC-NE 

terminals. We suggest that this results in individuals with ADHD and SHR to be 'hypoaroused'. 

Physiologically these organisms are 'hypoaroused'. Behaviourally this 'hypoarousal' is 

evidenced in individuals with ADHD through their hyperactivity and distractibility. And 

behaviourally this 'hypoarousal' is evidenced in SHR through their hyper-locomotor activities 

and increased exploratory behaviours (figure 1.6). 

When individuals with ADHD or SHR are required to perform an attentional task their LC fires 

phasically, however the basal levels of NE are reduced. This leads to a reduction of the 

facilitatory effect afforded in 'healthy' individuals or 'control' animals by NE enhancement of 

the signal-to-noise ratio. Behaviourally seen in individuals with ADHD and SHR by their poor 

attentional performance (including latency and accuracy), and is accentuated by their impulsivity 

(figure I .6). Treatment of the noradrenergic dysfunction in ADHD supports this suggestion as 

NE concentration within the synaptic cleft is enhanced by: (I) low dose stimulant medication 
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that serve to increase synaptic levels of NE and dopamine (Chamberlain et al., 2007), (2) 

selective postsynaptic agonists of a2-autoreceptors (Berridge and Waterhouse, 2003), and (3) 

selective NE reuptake inhibitors (Berridge and Waterhouse, 2003). 

Similarly, low levels of tonic LC firing may reduce activation of the paraventricular nucleus and 

release of CRF, which in tum activates the LC and elicits the 'stress response' (Leibowitz et al., 

1989; Valentino and van Bockstaele, 2008; Reyes et al., 2006). We suggest that the reduced self­

reinforcing activity of the LC results in attenuation of anxiety-like behaviours seen in individuals 

with ADHD and the SHR. Behaviourally evidenced in individuals with ADHD through their lack 

of self control. And behaviourally evidenced in SHR by their reduced anxiety-like behaviours 

and their resilience in stressor tests, in which they perform well. 

Individuals with anxiety-related disorders and WKY at rest have high tonic firing levels of the 

LC (> 1-3 Hz). This leads to increased release of NE at the LC-NE nerve terminals, as the 

terminals are not regulated appropriately. Feedback to the LC through cortical glutamatergic 

neurons and axon collaterals of the LC exert excessive reinforcement of the LC tonic activity. 

These factor together and result in increased levels of NE at the LC-NE terminals. We suggest 

that this results in individuals with anxiety-related disorders and WKY to be 'hyperaroused'. 

Physiologically these organisms are 'hyperaroused'. Behaviourally this 'hyperarousal' is 

evidenced in individuals with anxiety-related disorders through their avoidance behaviours and 

mental preoccupation. And behaviourally this 'hyperarousal' is evidenced in WKY through their 

hypo-activity and avoidance behaviours (figure J .6). 
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When individuals with anxiety-related disorders and WKY are required to perform an attentional 

task their LC fires phasically, however their basal levels of NE are high. This leads to a reduction 

in the facilitatory effect afforded by NE enhancement of the signal-to-noise ratio. Behaviourally 

seen in individuals with anxiety-related disorders and WKY with their poor attentional 

performance (including latency and accuracy) this is accentuated by their avoidance behaviours 

(figure 1.6). Treatment of the noradrenergic dysfunction in anxiety and depression supports this 

suggestion as NE concentration within the synaptic cleft is reduced by: ( 1) reduction of vesicle 

concentrations of NE through reuptake transporter blockade (Nemeroff, 2007), (2) reduced 

synaptic concentrations of glutamate, that serve to reduce glutamate potentiation of NE function 

by elevating NE concentration within the synaptic cleft (Palucha and Pi1c, 2007). 

In addition high levels of tonic LC firing would increase the activation of the paraventricular 

nucleus and release of CRF, which activates the LC and elicits the 'stress response'. We suggest 

that the increased self-reinforcement of the LC results in the enhancement and prolongation of 

the 'stress response' which results in heightened anxiety-like behaviours seen in individuals with 

anxiety-related disorders and WKY. This is behaviourally evidenced in individuals with anxiety­

related disorders through their increased avoidance behaviours and in WKY through their 

enhanced anxiety-like behaviours and in stressor tests where these animals are susceptible to 

stressors and their performance is poor. 
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Figure 1.6 Yerkes & Dodson (1908) relationship between arousal level and performance, with overlay of several 
sugge~lions to the LC-NF system's role in arousal and attentional performance. Tonic firing of the LC-NE system 
needs to be held within a range that facilitates phasic burst activity, thereby enhancing the signal-to-noise ratio. 
'Hypoaroused' individuals and SH.It present with poor attention and decreased cortical and peripheral arousal, and 
display impulsiveness. 'Hyperaroused' individuals and WKY present with poor attention and increased conical and 
peripheral arousal, and display anxiety-like behaviours. We suggest that ' hypoaroused' individuals and SHR require 
enhancement of their arousal level:; in order to perform optimally during attentional tasks and we suggest that 
'hyperaroused' individuals and WKY require a reduction in their arousal levels in order to perform optimally during 
attentional tasks. 

A vast number of studies have been carried out to determine ihc role of the LC-NE system in 

arousal and attention yielding many amazing functional roles, as reviewed. For the current study 

we aim to merge both human and rat .findings in a series of questions pe1tairung to the LC-NE 

system and its role in arousal and attention. These wjll be performed in an attempt to create a 

holistic view of the individual and LC-NE system funcuon using the Yerkes and Dodson ( I 908) 

relat1onship between arousal levels and performance as a blueprint. 
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AIMS AND OBJECTIVES 

PARTA 

• Individuals that are 'hypoaroused' or 'hyperaroused' express that they require increased 

recruitment of mental resources, here we examine the relationship between perceived 

mental effort reported in 'healthy' participants during the completion of three attentional 

tasks while continuous physiological recordings are taken. Hypothesizing that perceived 

mental effort during attention is associated with physiological parameters of arousal and 

with the different forms of attention. The reported perceived mental effort was captured 

with the use of a visual analogue scale. The attentional tasks include: a continuous 

performance task, a Go/No-Go task, and a cued target detection task. The physiological 

parameters included: skin conductance responses and durations, heart rate, heart rate 

variability, and relative EEG frequency power (0, a, ~' 0/~) of frontal and parietal 

electrodes. 

• Individuals that are 'hypoaroused' such as seen in majority of individuals with ADHD 

high levels of impulsivity have been reported (Bresnahan et al., 1999; Mann et al., 1992), 

here we examine the relationship between reported behavioral impulsivity in 'healthy' 

participants to response times and errors made during three attentional tasks. We then 

examine whether response times during an attentional task that required response 

inhibition were related to physiological parameters of arousal measured. Hypothesizing 

that shortened response times accurately reflect impulsivity in a 'healthy' cohort of 

participants' and that this is reflected by decreased physiological arousal and may be 

related to the reduced tonic firing of the LC-NE system seen in disorders of 
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'hypoarousal'. Reported behavioral impulsivity was reported with the use of Dickman's 

impulsivity inventory. The three attentional tasks include: a continuous performance 

task, a Go/No-Go task and a cued target detection task. The attentional task that required 

response inhibition was the Go/No-Go task. The physiological parameters inc1uded: skin 

conductance responses and durations, relative EEG frequency power (0, a, ~. 0/~) of 

frontal and parietal electrodes, P300 amplitude and latencies from parietal electrodes. 

• Individuals that are 'hyperaroused' such as in the anxiety disorders report high levels of 

anxiety (Sue et al., 2000) here we examine the relationship between reported behavioral 

anxieties in 'healthy' participants to physiological parameters of arousal during a 

sustained attention task were related to physiological parameters of arousal. 

Hypothesizing that increased behavioural anxiety accurately reflects "hyperarousal" and 

decreased information processing due to increased tonic activity of the LC-NE system in 

a 'healthy' cohort of participants'. In addition we hypothesize that nicotine use in 

anxious 'healthy' participants is a form of self-medication to improve information 

processing by impacting on the LC-NE systems tonic firing rate. Reported behavioral 

anxiety was collected with the use of Spielberger's trait anxiety inventory and Kessler's 

distress scale. The attentional task was a continuous performance task. The physiological 

parameters inc1uded: skin conductance responses and duration, heart rate and heart rate 

variability, relative EEG frequency power (0, a, ~. 0/~) of frontal and parietal electrodes, 

P300 amplitude and latencies from parietal electrodes. 

• Individuals that have experienced traumatic childhoods have been shown to have deficits 

in attentional performance and at times being diagnosed with ADHD (hypoarousal) or 
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even with post traumatic stress disorder (hyperarousal) (Weinstein and Staffelbach, 

1998, Weinstein et al., 2000). Here we examine the relationship between childhood 

trauma and physiological parameters of arousal during the completion of three 

attentional tasks. Hypothesizing that 'healthy' participants' that experienced traumatic 

events during their childhood express changes in their physiological arousal and these 

may be evident during the completion of attentional tasks. Reported childhood traumatic 

experiences were collected with the use of the Childhood trauma questionnaire. The 

attentional tasks included: a continuous performance task, a Go/No-Go task, and a cued 

target detection task. The physiological parameters included: skin conductance responses 

and durations, heart rate, heart rate variability, and relative EEG frequency power (0, a, 

p, 0/P) of frontal and parietal electrodes. 

PARTB 

• Prefrontal cortical slices of SHR have previously been shown to release greater amounts 

of [3H]NE when their terminals were stimulated with glutamate, when compared with 

WKY (normotensive control, Russell and Wiggins, 2000), here we examine whether this 

difference extends to the hippocampus. We also examine whether this it is concentration 

dependent and whether release of [3H]NE is effected by repeated stimulations with 

glutamate. Hypothesizing that there is a dysregulation between glutamatergic and 

noradrenergic terminals that leads to a differential release of [3H]NE when stimulated 

with glutamate. This was accomplished by incubation of hippocampal brain slices with 

radioactively labeled [3H]NE. These hippocampal brain slices were stimulated with 

different glutamate concentrations used l 0mM, I mM, 1 00µM, and I 0µM. The 
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hippocampal brain slices were exposed three times to their particular glutamate 

concentration. 

• Due to the present controversy related to WKY being a 'nomotensive' control of SHR 

and the possibility of WKY as a model of anxiety-like behaviors (Pardon et al., 2002) we 

examined the effect of glutamate stimulated release of [3H]NE from several strain of rat. 

Hypothesizing that SHR and WKY release differential amounts of [3H]NE when 

compared to different strain of rat. This was accomplished by incubation of hippocampal 

brain slices with radioactively labeled [3H]NE. The rat strains used included SHR, WKY, 

SD, Wistar, and Long-Evans hooded rat. Using a glutamate concentration of lmM to 

stimulate the release of the loaded [3H]NE. 

• SHR have previously been suggested to show dysfunction in glutamate receptor function 

(Kaehler et al., 2004) here we examine differences between SHR and WKY hippocampal 

brain slices with antagonism of ionotropic glutamate receptors. We also examine 

whether release of [3H]NE is effected by repeated stimulations with glutamate. 

Hypothesizing that there are differential effects in glutamate stimulated release with 

antagonism of ionotropic glutamatergic receptors. This was accomplished by incubation 

of hippocampal brain slices with radioactively labeled [3H]NE and incubation of 

hippocampal brain slices with AMPA receptor antagonist (CNQX) and with NMDA 

receptor antagonist (MK801 ). Using a glutamate concentration of 1 mM to stimulate the 

release of the loaded [3H]NE. 
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• The LC-NE system is the sole innervation of noradrenergic nerve terminals to several 

brain areas including the prefrontal cortex, hippocampus and the cerebellum (Foote et al., 

1983; Jentsch, 2005; Bunsey and Strupp, 1995). Here we examine whether the 

differential release between SHR and WKY extends to an additional brain area, the 

cerebellum. Hypothesizing that all LC-NE terminals lead to similar patterns of release in 

each strain of rat regardless of brain area. This was accomplished by incubation oflateral 

cerebellar slices and cerebellar vermis brain slices of SHR and WKY with radioactively 

labeled [3H]NE. Using a glutamate concentration of 1 mM to stimulate the release of the 

loaded [3H]NE. 

• Environmental manipulation through cross-fostering of SHR onto WKY 'normotensive' 

controls has been shown to prevent hypertension in adulthood (Cierpial and McCarty, 

1991) and may express changes in the development of the LC-NE system. Here we 

examine whether cross-fostering of SHR and WKY effect pups behavior and/or the 

neurochemistry of noradrenergic terminals. This was accomplished by cross-fostering of 

litters of pups borne to SHR, WKY and SD dams on postnatal day 2, to determine the 

behavioral effects in the open-field and elevated-plus maze and glutamate stimulated 

release of [3H]NE from prefrontal cortical and hippocampal brain slices in adolescents 

(P29-P35). Using a glutamate concentration of 250µM to stimulate the release of the 

loaded [3H]NE. 

• Environmental manipulation through maternal separation of SD has been shown to lead 

to several neuro-endocrine changes (Caldji et al., 1998), here we examine whether mild 

maternal separation is sufficient to change the synergistic activities between glutamate 
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and LC-NE nerve terminals. This was accomplished by separating rat pups from their 

dams between postnatal day 2 through to postnatal day 14 for 3 hrs. SD adolescent pups 

prefrontal cortex and hippocampal brain slices were incubated with radioactively labeled 

[3H]NE, using a glutamate concentration of lmM to stimulate the release of the loaded 

[3H]NE. 

• Nicotine has recently been suggested as a form of self-medication and serves to reduce 

anxiety-related behaviors and improve attentional performance (Newhouse et al., 2004; 

Rezvani and Levin, 2001 ), here we explore the effects of an acute dose of nicotine via 

voluntary oral administration in SHR and WKY, and previous studies have shown robust 

changes in behavior of SD rats (Grottick et al., 2000) therefore we included SD as a 

reference strain. Here we examine the acute effects of nicotine effect adolescent pups 

behavior and/or the neurochemistry of noradrengeric terminals. Behaviour was examined 

in the open-field and the elevated-plus maze and glutamate stimulated release of [3H]NE 

from prefrontal cortical and hippocampal brain slices in adolescents. Using a glutamate 

concentration of 250 µM to stimulate the release of the loaded [3H]NE. 
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PART A 

A 1. Introduction 

Norepinephrine has been implicated in the control of arousal and attention (Jentsch, 2005; Oades 

et al., 2005; Beane and Marrocco, 2004). Arousal and attentional networks receive neural 

innervations from the LC-NE system (Aston-Jones et al., 1999; Southwick et al., 1999; Bunsey 

and Strupp, 1995). In order to maintain attention, an individual is required to discard irrelevant 

information thereby selecting only that which is relevant. This requires specific levels of arousal 

(Sarter et al., 2001) and involves several neurotransmitter systems (Berger and Posner, 2000). 

Deficits in attention have been reported to affect more than 6% of the human population (Beane 

and Marrocco, 2004). In addition deficits or dysfunction in attention has been evidenced in 

several psychiatric disorders including: ADHD (Clark et al., 2002, Harmer et al., 2002; EI-Badri 

et al., 2001) and several anxiety related disorders (Avila et al., 2002; Nelson et al, 1993; Sue et 

al., 2000). Phasic firing of the LC increases cortical activity, as the release of NE increases the 

'signal' (salient information for maintenance of attention) and decreases the 'noise' (background 

activities not requiring attention) by release of NE in thalamocortical projections (Berridge and 

Foote, 1994; Waterhouse and Woodward, 1980). The relationship between attentional processes 

of the brain and peripheral responses are beginning to be re-investigated, changing from the 

dualistic body/mind perspective to an integrated body-mind approach (Damasio, 2000). Several 

studies have found associations between task performance and activity of the autonomic nervous 

system (Polich and Kok, 1995). However, many of these studies incorporated tasks that elicited 

52 



some form of heightened stress, suggesting that their results are more closely related with the 

interaction of the HPA-axis and its impact on attention and arousaL Therefore in the present 

study non-stressful paradigms were sought to measure the relationship between LC-NE system 

activation, and its regulation of arousal and attention. 

The current study was performed by testing 'healthy' participants with a battery of attentional 

tasks to assess their performance while measures of physiological arousal were recorded. On the 

day of testing, participant characteristics were gathered by: completion of several subjective 

questionnaires, collection and archiving of blood samples for future genetic studies depending on 

the outcomes of the present study, and salivary cortisol measures to assess the activity of the 

HPA-axis on the day of testing. The cohort that participated in the present study received no 

material benefit and were informed that the current study was only for research purposes. During 

the different stages of the testing session, measures of physiological arousal were continuously 

recorded and included: phasic skin conductance responses; electrocardiogram (ECG); and EEG. 

Two resting states were recorded and three attentional tasks were performed by the participants. 

The three attentional tasks assessed covert reflexive attention and/or sustained attention. The 

tasks were a continuous performance task, a Go/No-Go task and a cued target detection task. 

The tasks and their instructions were presented visually on a computer screen and the 

instructions to each of the tasks were presented prior to the onset of the specific task. Both the 

continuous performance task and the Go/No-Go task used central stimulus presentation, cues and 

stimuli were consonants in the English alphabet. The continuous performance task and the 
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Go/No-Go task required endogenous orienting and served to reinforce the participant's 

placement of their attention. The cued target detection task required the participant to maintain 

central fixation on a circle, which was continuously displayed, while cues and stimuli occurred in 

the left or right peripheral field causing the participants to respond with peripheral processing of 

the cues and stimuli. The cued target detection task involved both endogenous and exogenous 

orienting (Hahn et al., 2006). Exogenous orienting involved peripherally-located cues or stimuli 

that drew participant's attention due to their salience (Kincade et al., 2005). Both sustained and 

reflexive attention have been found to activate the frontal and parietal cortices when they involve 

a central fixation point (Kincade et al., 2005; Coull et al., 1996). Additional conditions within the 

Go/No-Go task allow for assessment of: (I) response inhibition, in which participants are 

required to inhibit their responses and (2) delayed presentation of stimuli, in which participants 

are required to wait for a longer period for the presentation of the stimuli. 

Mental effort is utilized when a person completes a task voluntarily and requires mental 

resources to complete the task (Reber, 1995). Mental effort has been correlated to physiological 

measures within cognitive tasks. These effects of increased mental effort include: increased 

perceived task difficulty (Smit et al., 2004a,b ); increased cortisol (Peters et al., 1998); increased 

heart rate (Peters et al., 1998); increased relative theta activity (Smit et al., 2005); and reduced 

alpha activity (Fink et al., 2005; Keil et al., 2006). These studies have either compared resting 

states to physiological changes during task completion or compared physiological differences 

during tasks which required higher mental abilities than are asked by the simple attentional tasks 

employed in the current study. The aims of the present question were to ascertain (1) whether 
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reported mental effort changed during the three attentional tasks, (2) if there were changes in 

reported mental effort, whether these changes were accompanied by corresponding changes in 

physiological arousal levels, (3) whether these changes were related to the attentional task, (4) 

and whether these physiological changes in arousal during the completion of attentional tasks 

could be related to the functioning of the LC-NE system. 

Hypoarousal is seen as under arousal both in the peripheral and central nervous system and is 

strongly suggested to be a factor in attentional disorders, such as ADHD (Clarke et al., 2001, 

2002, 2007). Individuals with ADHD display several deficits in attentional performance, 

including the inability to sustain attention and inhibit responses. The inability to withhold a 

response has been strongly related to behavioural impulsiveness (Lubar, 1991; Mann et al., 

1992). 'Healthy' individuals who present with high levels of impulsiveness display deficits in 

attentional performance as they respond reflexively, displayed by increased errors and shorter 

response times (Svebek et al., 1987; Aron and Poldrack, 2005; Kirkeby and Robinson, 2005; 

Dimoska and Johnstone, 2007). The aims of the present question were to determine whether any 

of the three attentional tasks teased out impulsivity within a 'healthy' population. If such a task 

was found, apparent physiological associations would be searched for and the relationship 

between impulsivity within a 'healthy' population and the functioning of the LC-NE system 

would be determined. The hypothesis that 'hypoarousal' occurs in impulsive individuals would 

be tested. 
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A2. Methodology 

A2.l Participants 

This study was approved by the Human Ethics Committee of the University of Cape Town. The 

study was conducted in accordance with the Declaration of Helsinki (2000). Participants were 

required to be of good health, have matriculated, English was required to be their l st language, 

and they needed to be between the ages of 21 and 45 yrs. In addition participants were required 

to not have any current form or history of brain trauma, organic brain disease, epilepsy or 

diagnosis of any psychiatric or psychological disorder(s). 

A2.2 Recruitment of participants 

Flyers and emails were sent out to students and staff members of the University of Cape Town 

(appendix Al). Participants were recruited in group sessions on the premises of the university. 

Details of the study were explained to each of the prospective participants during the recruitment 

process. Participation in the study held no incentive and was voluntary. Exclusion criteria were 

checked in a second form by completion of a subjective questionnaire. Each of the participants 

received an information sheet with an explanation of the testing procedure and the measures that 

would be recorded (appendix A2). If the participant understood and was prepared to participate 

in the research study, a consent form was signed by both the participant and researcher prior to 

commencement of any of the experimental procedures (appendix A3). The participants were 
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Hyperarousal is seen as an over arousal of both the peripheral and the central nervous systems 

and has been strongly associated with anxiety related disorders (Sue et al., 2000). Within 

'healthy' individuals increased anxiety results in poor sustained attention as the individual is 

distracted with endogenous or exogenous stimuli (Avila et al., 2002; Avila et al., 2002). The 

aims of the present question were to ascertain whether subjective anxiety levels within a 

'healthy' population had associations with physiological arousal and whether these associations 

differed between the three attentional tasks, and how these can be related to the functioning of 

the LC-NE system. In addition do 'hyperaroused' individuals resort to self-medication in the 

form of nicotine use in an attempt to correct their LC-NE systems activity, what physiological 

associations are there if any. 

Childhood trauma has been shown to increase the development of anxiety related disorders (de 

Wilde et al., 1992; Dube et al., 200 I; Johnson et al., 2002; Kendler et al., 1995; Kendall-Tackett, 

2000). The aims of the present question were to ascertain the effects of childhood trauma within 

a 'healthy' population, with respect to physiological arousal during the performance of three 

attentional tasks. In addition if there are changes in arousal during attentional performance can 

these be related to the functioning of the LC-NE system. 
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informed that they could resign from the study without any need for explanation and without 

prejudice. They were also made aware that their removal from the study would not affect their 

current or future health care. Strict confidentiality was maintained with respect to all aspects of 

their participation. To ensure confidentiality all data collected from participants was assigned a 

number, selected by the relevant participant on the day of enrolment into the research study. 

The consent form included the risk of bruising and/or bleeding associated with venepuncture, 

which was necessary for blood withdrawal. Participants were informed that the risk in blood 

letting of this volume is minor and were informed that the blood samples would only be used for 

research purposes. They were also informed that any research conducted on their blood would be 

performed solely by the University of Cape Town. Two 5 ml samples of blood were then drawn. 

The participants were made aware that the psychophysiological measures were non-intrusive, 

painless and harmless. The only discomfort experienced would be (I) the cleaning of skin areas 

where electrodes would be placed for the recordings, (2) the cleaning of scalp areas under the 

electrode cap for ten recording sites and the injection of gel into the hollow of the EEG 

electrodes to enhance conductance of brain wave activity. The participants were informed that 

there would be no report back or follow-up with participation in the study and that there were no 

benefits for participation in the study. The participants were also assured of their anonymity and 

that the results of the study would be based on their participant number only. 

58 



A2.3 The experience of the participant during the present study 

As participants entered the group recruitment sessions, they were offered further clarification 

regarding the study if they so wished. Once participants were satisfied, a consent form was filled 

in and signed by both the participant and researcher. Each participant chose a number from a 

sheet of paper with numbers between 1 and I 00. The number chosen was carried by the 

participant through the entire study to ensure anonymity. Blood samples (two 5ml samples) were 

drawn by either a qualified doctor or a qualified phlebotomist. The psychophysiological testing 

session for each participant was scheduled on the day of blood drawing or else email was used to 

set a time at their convenience. Participants did not have their physiological recordings done on 

the same day of blood drawing. Particpants were required to choose from specific (1 hr) slots for 

the psychophysiological testing. At the recruitment session each participant was handed their 1st 

batch of questionnaires (section A2A, appendix A4), which was to be completed and handed to 

the researcher on the day of psychophysiological testing. Each participant was asked to refrain 

from caffeine (coffee, tea, and energy drinks), cigarettes, alcohol, or non-prescription drugs for 

18 hrs prior to their testing session. If they felt unwell or were recovering from an illness they 

were asked to reschedule their psychophysiological testing appointment in order to prevent their 

exclusion from the study. This was due to the possibility that their immune response could affect 

the psychophysiological recording parameters. 
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On the day of psychophysiological testing participants were asked whether they had abstained 

from the restricted substances and whether their health was good. The researcher explained that 

it was possible to reschedule and that the testing could not be repeated due to the style of the 

experimental set-up. If this was perceived to be clearly understood by the participant, the testing 

session proceeded. The participant was asked for the completed batch of questionnaires, which 

also carried the participant's number (thereby maintaining participant's anonymity). The 

participant was asked to take a seat in front of the computer screen, which would run the 

attentional tasks. Participants sat with a relaxed posture approximately 50 cm away from the 

computer screen. The participant was then asked to place a cotton wool saliva collecting device 

(Salimetrics, Salivettes®) under their tongue obliquely or diagonally due to size and to keep it 

there without sucking or biting on it for at least two minutes. During this time the researcher 

started to wipe electrode placement areas with alcohol wipes. The electrode placement areas 

were: the ventral surface of the ankles; the anterior surface of the wrists; the left clavicle for the 

electrocardiogram (ECG); and the forehead in preparation for the prefrontal electrodes of the 

EEG. All of these areas were cleaned with an alcohol swab. Once the areas had dried the ECG 

electrode pads were placed in their respective positions and the electrodes were attached. The 

saliva saturated Salivette® was removed by the participant with a latex glove (a non-latex glove 

was used if the participant presented with a latex allergy) and deposited into the collection vial. 

The participant was then informed of the procedure and the function of each electrode. During 

this explanation the researcher continued to place the equipment in preparation for the testing 

battery. The electroencephalogram cap was positioned and secured under the chin and an attempt 

was made to minimize the discomfort to each of the participants. The areas under the electrodes 
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of interest were cleared of hair by light abrasion with an orange stick placed Lhrough the 

openings in the EEG cap. The cavity of the electrode was then filled with EEG electrode gel. 

figure A2. l Research participant with electrocardiogram and electroencephalogram cap in place, s itting in front of 
the computer screen which ran the attentional tasks (consent from participant for insertion of photograph was 
obtained). 

The final electrodes placed on the participant were fo r the skin conductance response. 

The two transducers were placed on digits two and three of Lhe non-dominant hand as the; 

participant was required to use the dominant hand or lhe hand that usually operated the mouse to 

respond to attentional tasks by clicking the mouse (refer to sectiun A2.7.2). The following ten to 

tweoly mi.r1uLes was taken to ensure conductivity and signal strength. After confirmation of Lhe 

~orrcct functioning of the apparatus, tbe testing session was started . The pa1ticipant was 1old that 

baseline recordings were to be fo llowed by th.rec simple attentional tasks. T he participanl was 

nsked to relax and i f any noises were heard, to fee l that they were expected and accept them as 

though they were normal. Examples of noises that might occur were given. The lights in the 

room were turned off to prevent visual distractions from the computerized attentional tasks. The 

participants were also advised that if they did not understand whal a task was asking of them, 
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that they should ask the researcher while the instructions for the task were on the computer 

screen. It was suggested that, even if they understood it they may check with the researcher as 

the testing could not be carried out a second time. Once the participants had completed the 

testing battery the lights were switched back on and the electrodes were removed by the 

researcher. The participants then had a second saliva sample taken in the same manner as the 

first sample and were asked to complete the 2nd batch of questionnaires (section A2.4, appendix 

A4). The saliva samples were taken within the allotted time (1 hr) of the psychophysiological 

testing session. The researcher then offered a beverage to the participant who was thanked for 

his/her participation in the study. 

A2.4 Questionnaires 

Questionnaires were included in this study to broaden and enrich the data and to ascertain 

whether subjective responses to questionnaires correlated with performance in the cognitive 

attentional tasks and physiological recordings. The choice of questionnaires depended on their 

applicability and the information that they would supply to predict the psychophysiological data. 

The present study focused on arousal and attention and therefore many of the chosen 

questionnaires pertained to aspects that may influence either of these two factors. Standardized 

questionnaires were used and have largely been accepted by the research community and most 

can be found in peer reviewed publications when assessing 'healthy' individuals. The 

questionnaires were given in two batches to the participants, the 1st batch on the day of blood 
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withdrawal and the 2nd batch was given immediately after the recording session. Both 

questionnaires were returned completed on the day of testing. 

The 1st batch of questionnaires comprised: Cloninger's tridimensional personality subscales of 

harm avoidance and novelty seeking behaviours; Dickmans impulsivity questionnaire including 

subscales of functional and dysfunctional impulsivity; Edinburgh handedness questionnaire; 

sensitivity to punishment and reward questionnaire; and the abbreviated Eysenck personality 

questionnaire. The 2nd batch of questionnaires comprised: Spielberger's trait anxiety inventory 

with subscales of anxiety present and anxiety absent; drug-use frequency questionnaire (adapted 

to include South African street drugs); Kessler psychological distress scale; subjective 

questionnaire (including age, gender, years of post high-school education (post-matriculation), 

allergies, headaches, and history of mental illness in family); childhood trauma questionnaire 

short form; and subjective mental effort visual analogue scales for each of the three cognitive 

tasks completed. 

A2.5 Blood samples 

Blood samples were drawn by a qualified doctor or phlebotomist. Two 5 ml blood samples 

(collected in glass/plastic EDTA vacutainer tubes bearing the participant number) were drawn 

from each participant. The EDT A and blood were gently mixed by the researcher by inverting 

the vacutainer tube four times. The samples were then stored at 7 degrees Celsius. Within one 

week of blood collection the 'huffy' layer, containing the white blood cells, of the samples was 
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removed for future genetic analysis. The 'huffy' layer was removed by Pasteur pipette and 

transferred into plastic 2 ml Eppendorf tubes. The Eppendorf tubes were centrifuged for l 0 min 

at 3000 rpm so distinction in the layers was clearly visible: plasma, white blood cells and blood. 

The 'buffys' were then archived at 80°C, in the Department of Human Biology at the 

University of Cape Town. This archive of blood will be used by our laboratory in future studies 

related to the hypotheses generated from the results of the present study. 

A2.6 Salivary Cortisol 

Participants were asked not to eat or drink any fluids except water two hours prior to the onset of 

his/her psychophysiological testing session. This served as a precautionary measure in order to 

prevent the collection of non-salivary particulates that may have influenced the saliva sample for 

the cortisol enzyme immunoassay. All saliva samples were collected between 09h30 and 14h00 

in order to limit the effects of the diurnal rhythm of cortisol release. 

Collection of saliva samples was made possible by the use of non-citric acid Sarstedt Salivettes® 

(figure A2.2). Salivette's include a sterile cotton wool roll of approximately 0.6 cm diameter and 

3 cm length. The participant was asked to place the cotton wool roll under his/her tongue 

squarely or obliquely with the use of a clean laboratory glove, and was further requested to not 

bite or chew the cotton wool roll. They were asked to keep the Salivette® under their tongue 

until it was saturated and pliable or as long as they were able. The Salivette® was removed if 

visible discomfort was noted by the researcher. The participant was then asked to remove the 

cotton wool roll and to replace it in the shaft of the Salivette® tube using a clean laboratory 
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glove. f h1.1 research1.1r then capped th~ Salivette® tube with the sa liva sample and placed it on ice 

until cornplctio11 of 1J1e testmg session. On completion of the testing session the researcher pl need 

the collected samples into a -80°C freezer. The enzyme immuno-assay for salivary corlisol was 

performed in dupl icate after all of the participants' samples had been collected. 

cotton wool swab saturated in saliva 

Sarstedt SaliveucR) 

saliva supernatant, used for assay 

figure A2.2 Diagrnm of a Saliverte® used for the collection of salivary cortisol 

The froten SativcucsOO with saliva samples were tha\~1cd at room temperature. Once completely 

lhawcxl the samples were cemrifuged for 15 min at 3000 rpm. Freezing of the samples allowed 

p1ec1pitutton of mucins. Alter th1.: rnmoval o f the inner tube hot<ling the t.:Olton wool swab, the 

c1ear samp lt! was pippetted mto a 2 ml Eppendorf lube and placed on ice. Placemem on ice was a 

precautionary measure due It) the.: numbl..!r of samples that required thawing on any single day. 

S.i1imellics LLC expanded range high sensitivity salivary cortisol enzyme immunoassay lot was 

used lo determine cortiso l concentrations. Assay procedl!re was earned out as recommern..l t.:d by 

1he msert of the assay kits, Salimet11cs Catalog No. 1-3002/ l-3012, 96-W ell Kil (lower detccuon 

limit 0.003µg/uL e lse 0.083runol/L). All samples wer~ analyzed tn duplicate and all sample pHs 

weri.: 10 the range of accuracy for the assay kit \JSed. Lay(lul and controls were in the fonnal 
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recommended by Salimetrics and included high and low cortisol control solutions which were 

assayed with the saliva samples. Optical density was measured on a standard plate reader at 

450nm. Values were converted in the manner suggested in Salimetrics Catalog No. l-3002/1-

3012, 96-Well Kit. 

A2. 7 Cognitive attentional tasks 

Three attentional tasks were chosen for the testing battery. The three tasks involved only visual 

presentation; no auditory stimuli were used during the administration and completion of the three 

attentional tasks. The first task was a modified continuous performance task in which the 

participant received two cues that were followed by the stimulus. The second task was a Go/No­

Go task, which included different interstimulus intervals and response inhibition. The two 

different conditions occurred in distinct periods of the task. The third task was a cued target 

detection task in which central fixation was required, cues and stimuli occurred peripherally to 

the central fixation point. 

A2. 7.1 Programming 

The three attentional tasks were programmed in E-prime Version 1. l of Psychology Software 

Tools, Inc. E-prime E-Studio was run on a personal computer running windows 98. The 

programmed testing session incorporated the instructions in a simplified manner and the layout 

of the testing session was identical for all participants in the present study. The format and order 

of the cues and stimuli were also identical. The testing session included baseline recordings of 

two min duration, starting with eyes open, followed by eyes closed. Termination of the baseline 
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recording of eyes closed state was achieved by the researcher telling the participant to open their 

eyes, as all output from the personal computer was visual only. Prior to the onset of the session, 

participants were informed that the researcher would inform them of the termination of the 

resting eyes closed session. Instructions regarding the first task were followed by mouse key 

deflection. All responses by the participants were via mouse key deflection and were recorded 

via digital input onto the laptop recording the physiological. On completion of the first task the 

participant was prompted by instructions to continue to the second task. Similarly the participant 

was prompted by instructions on completion of the second task to continue to the third task. The 

computerized testing session was continuous. Randomization of the cues and stimuli within a 

task or task condition was achieved prior to programming such that all participants followed the 

identical format and order of tasks and task conditions. Participant responses were recorded once 

only. Thus if an error occurred during the testing session, the participant was excluded. This only 

occurred once, where the PC froze at the onset of the cued target detection task. 

A2. 7.2 Acquisition of cognitive task data 

The E-prime program was embedded with digital tagging, the E-prime program sent analogue 

outputs from the printer port to the Biopac MP system via a ribbon cable (DB25M/F, supplied by 

Biopac Inc.). Input from the participants in the form of mouse clicking was embedded into the E­

prime program, which relayed data via the ribbon cable to the laptop collecting the physiological 

data. Output from the E-prime studio program running the testing battery was embedded with 

digital signatures for the presentation of the different tasks, their conditions, cues and stimuli. 

These were all relayed via the ribbon cable to the laptop collecting the physiological data (figure 
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A2.3). The ribbon cable from the printer port Lerminated in an isolated digital interface 

(STP 1 OOC Biopac Inc.), which in tum was attached to a universal interface module (UJM I OOC. 

Biopac lnc.) . Both the STP l OOC and UTMl OOC were attached to the Biopac workstation (MP I 50 

system, Biopac Inc). The analogue input was translated to a 5 volt T TL digital input by setting 

channels in Acqknowledge acquisition program (Biopac Inc). The sampling frequency of the 

software (Biopac Systems Incorporated, Acqknowledge 3.8. l) was set at 500 Hz with the units 

of recording set as volts. Scaling parameters on software CAL1 input value was set at 10 with 

scale value 10, CAL2 input value was set at - IO with scale value set at -10 (as recommended by 

Acqknowledge software manufacturers). 
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Figure A2.3 Full data set obtained from the Acqknowledge software, indicating the 8 digital channels used as digital 
channels for the different testing stages. 
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A2. 7.3 Continuous performance task 

The continuous performance task measured the ability of a participant to sustain attention and 

involves cues, stimuli and non-targets. The continuous performance task involved the 

presentation of two central cues; two successive presentations of the letter S in the centre of the 

computer screen. The two S's were displayed for 500 msec with an inter-stimulus interval of 

100 msec. The onset and offset of these cueing stimuli were digitally captured on the 

Acqknowledge software on the 3rd digital channel of the Acqknowledge 3.8.1 digital input 

interface as programmed into Eprime. The stimulus (target) was presented 100 msec after the 2nd 

cue was presented for 500 msec in the centre of the computer screen. If the subject's response 

latency was shorter than 500 msec the stimulus was offset (ceased to be presented). The 

stimulus was captured on the 2nd digital channel of the Acqknowledge 3.8.1 digital input 

interface as programmed into Eprime. Responses were captured by mouse clicking on the 1st 

digital channel of the Acqknowledge 3.8.1 digital input interface as programmed into Eprime. 

Participants received 64 such trial procedures programmed in Eprime for the continuous 

performance task. Non-target stimuli were presented for 500 msec in the centre of the computer 

screen with an interval of 100 msec. The non-targets were letters of the alphabet which were not 

vowels (figure A2.4). 

500 msec 100 msec .------..-. 

3"'S 
t 

Response period 

Figure A2.4 Diagrammatic presentation of the continuous performance tasks non-targets, cueing stimuli and target stimuli with 
intervals and duration of presentation indicated. 
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Extraction of the response times for the continuous performance task was achieved by selection 

of the time period in which the task was performed. This was followed by the selection of the 

digital channel for the stimulus presentation and extraction of the positive peak deflections. 

These were created by the digital tagging programmed into Eprime which ran the testing battery. 

The peaks were extracted by an automated peak detection application in Acqknowledge 3.8.1. 

The digital channel for the mouse clicking was selected and extraction of the positive peak 

deflections created was performed by the digital tagging programmed into Eprime. The positive 

peak deflections were further extracted with the automated peak detection application in 

Acqknowledge 3.8.1. The peak data were set to time in msec. The two extracted data files had a 

column of time and a column of values to depict the presentation of the stimulus (3rd digital 

channel) or response (1 st digital channel). The response times were calculated by subtraction of 

stimulus from response presentation. Average response times were calculated for each of the 

participants. The continuous performance task had 64 trials (figure A2.5). 
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Figure A2.5 Full data sel obtained from the Acqknowledge software, demarcating the epoch of the continuous performance task 
and the two digital channels (1 st and 3rd

) used to determine response times. The cueing stimuli were captured on the 2"d digital 
channel. 

A2.7.4 Go/No-Go task 

The Go/No-Go task involved sustained attention in addition to conditions that required response 

inhib ition and delayed response prior to stimulus presentation. The visual Go/No-Go task used 

in the present study required U1e partic ipant to respond by mouse key deflection to aU 

consonants with the exception of the letter 'V' No vowels were used. The 1st condition of the 

Go/No-Go task was a go condition, in which all stimuli required responses by the participant as 

no Vs' were presented (figure A2.6). 
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500 msec 1500 msec 

t t t..__ _ ___.t t __ ~t t ___ t t ___ t t..__ _ __,t 
Response Response Response Response Response Response 

Figure A2.6 Go condition with 1500 msec interval. All consonants required response by participant 

The 2nd condition of the Go/No-Go task was a no-go condition, in which participants needed to 

respond to the consonants that were non-Vs and inhibit their response on the presentation of Vs 

(figure A2.7). 

Inhibit response Inhibit response 

500 msec 1500 msec 

t t t...._ _ __.t t...._ _ __.t t t 
Response Response Response Response 

Figure A2.7 No-Go condition with 1500 msec interval. All consonants required response by participant 

The 3rd condition of the Go/No-Go task was a go condition with a longer interstimulus interval 

of 3 500 ms (figure A2.8) unlike the 1st and 2nd condition, which had interstimulus intervals of 1 

500msec. 

500 msec 3500msec 

t t t t t t t t 
Response Response Response Response 

Figure A2.8 No-Go condition with 3500msec interval. All consonants required response by participant 
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The 1st condition comprised 40 stimuli; the 2nd condition comprised 20 stimuli and 20 Vs, which 

required response inhibition (50% target, 50% non-target split); and the 3rd condition comprised 

20 stimuli. These three conditions were then reversed in order and hence formed a mirror image 

of the first three conditions. Stimuli, non-targets and inter-stimulus intervals were captured on 

different digital channels, the onset and offset of stimulus presentation was also recorded. 

Responses by participants were captured on the 1st digital channel as in the continuous 

performance task (figures A2.6 ,7 ,8). 

Extraction of the response times and errors were carried out in the following manner: the area of 

the recorded data during which the Go/No-Go task was performed was selected. Three channels 

(1 st for participant responses, ih for stimuli and 6thfor Vs) were selected individually and peaks 

were found with peak detection application within Acqknowledge 3.8.2 software. (figure A2.9). 
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Figure A2.9 Ful l data set obtained from the Acqk nowledge software, demarcating the duration of the Go/No-Go task and the four 
digital channels used to deteCTTi ine response times and errors during the no-go conditions. Recorded data included responses by 
the partic ipant collected on the I" digita l channel; interstimulus interval of I 500 msec collected on the 4 111 d igital channel; 
interstimulus interval of] 500 msec collected on the S'h digital channel; presentation and duration of Vs collected on the 6'h 
digital channel; and targets or non-Vs collected on the 7li> d igital channel. 

The peak data was set for time in msec. The times at which responses occutTed were subtracted 

from the s timulus onset times to detennine response time for each of the conditions. If the 

panicipant responded within 500 msec to a V, an enor was recorded . 

A2. 7.5 Cued target detection task 

The cued target detection served to measure covert reflexive attentional ability while maintaining 

central fixation (Beane and Marrocco, 2004). The cued target detection task required participants 

to maintain fixation on a central cue: a white circJe in the centre of the computer screen. On 

either s ide of the central fixation cue was an outline of a rectangle that was grey in colour. The 

central fixation point and the grey rectangle outl ines were present throughout the cognitive task. 
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The participant was required to respond to the presentation of a square within either of the 

rectangles. For this task there were four conditions: congruent cue and stimulus presentation; 

incongruent cue and stimulus presentation; double cue and stimulus presentation; and no cue and 

stimulus presentation. For the congruent stimulus presentation either the left or the right 

rectangles brightened i.e. became white, followed by the appearance of the cue in the rectangle 

that brightened (figure A2.10). Onset and offset of congruent cues were sent to the 5th digital 

channel (figure A2.14). Incongruent cue and stimulus presentation occurred when the left 

rectangle brightened and the stimulus occurred in the right rectangle and vice versa (figure 

A2.l l). Onset and offset of incongruent cue was sent to the 6th digital channel (figure A2.14). 

For the double cue presentation both the left and the right rectangles brightened and the stimulus 

occurred in either the left or the right rectangle (figure A2.12). Onset and offset of the double cue 

was captured in the 7th digital channel (figure A2. l4). For the no-cue stimulus presentation 

neither of the rectangles brightened and the square appeared in either the left or the right 

rectangle (figure A2.13). Onset and offset of no cues were captured in the 8th digital channel 

(figure A2.14). Cues were presented for 500 msec and the stimulus was presented for 500 msec. 

The inter-stimulus interval was variable throughout the task, with durations of 500, I 000, or 

1500 msec. Inter-stimulus durations were digitally captured in the 3rd
, 4th

, and 5th channels. 
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Figure A2. l O Cued target detection task showing the central fixation point and the two peripheral rectangles 
Brightening of a rectangle followed by presentation of a square within the brightened rectangle, these reflect 
congruent trials. 

Figure A2. l 1 Cued target detection task showing the central fixation point and the two peripheral rectangles. 
Brightening of one of the rectangles followed by presentation of the target in the opposite rectangles served as an 
incongruent trial. 
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Figure A2.13 Cued target detection task, showing the central fixation point and the two peripheral rectangles. 
Brightening of both rectangles followed by presentation of the target served as a double cue trial. 

Figure.A2. l 3 Cued target detection task, showing the central fixation point and the two peripheral rectangles. No 
brightening followed by target presentation served as no-cue trials. 

The cued target detection task had 64 stimuli that were congruent; 16 stimuli that were 

incongruent; 16 stimuli that had double cueing; and 16 stimuli that had no cues. Each condition: 

congruent, incongruent, double cue and no-cue sent a digital input to the Acqknowledge 3.8.1 

software when presented and assigned a different digital signature. These digital channels 
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allowed easy extraction of response times, as described previously for the continuous 

performance task and the Go/No-Go task. 

· "cteortARGiit. 
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Figure.A2. I 4 Full data set obtained from the Acqknowledge software, demarcating the duration of the cued target detection task 
for the eight digital channels used for this task. Responses by the part icipant were collected on the l" digital channel, variable 
inter-stimuli on digital channels 2 through 4, 5•h digital channel represents the target for congruent tnals, 6th channel represents 
the target for incongruent trials, 7ill channel represents the target for double cue trails, and the g•h channel represents the target for 
no cue trials. 

A2.8 Skin conductance measures 

T,vo transducers were p laced on the non-dominant hand or the hand that the pa1t icipants did not 

use for mouse key deflection required for completion of the cognitive tasks. The TSD203 

transducers were fi lled with GELi 01 (www.biopac.com), composed of a 0.5% isotonic salt 

solution similar to human physiological salt concentration. The electrodes were strapped with 

Velcro around the index fingertip and the pointing fingertip. A minimum of IO minutes passed 
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prior to commencement of the recording session. Participants' fingertips were not cleaned with 

alcohol swabs but were rather wiped with toweling. Output from the participants was collected 

by TSD203 transducer (channel 1 on the MP system, application note 187 from 

www.biopac.com). The TSD203 transducer terminal ends comprised two Ag-AgCI electrodes 

housed in polyurethane and Velcro straps for easy positioning on the distal phalanges. The 

TSD203 transducers provided a small current to the site, allowing for measurement of resistance 

between the two electrodes. The TSD203 was in turn attached to a MEC 1 00C and into a 

GSRl00C amplifier module (Biopac Systems Incorporated). The Amplifier settings were set for 

skin conductance response measurements (phasic) and not skin conductance level (tonic). Gain 

was set at 10 µmho/V, the low pass filter was set at 10 Hz and the high pass filter was set at 0.05 

Hz (application note 187, www.biopac.com). The sampling frequency of the software (Biopac 

Systems Incorporated, Acqknowledge 3.8.1) was set at 500 Hz with units of recording µmho the 

equivalent of µSiemens. Scaling parameters on the software CAL 1 input value were set at 0 with 

a scale value set at 0. The CAL2 input value was set at 1 with a scale value set at 10 (as 

recommended by software manufacturers). 

All processing of SCR data was carried out post the recording session with Acqknowledge 3.8.1. 

Skin conductance responses and their durations were extracted within selected stages of the 

testing session. . The data was passed through a FIR low pass filter of 1 Hz with a hamming 

window. The number of coefficients was set at 2000, as recommended by Biopac Systems 

Incorporated (application note 233, www.biopac.com). The data were then analyzed for peaks 

exceeding a threshold value. Responses greater than 0.05 µmho reflected a spike of activity. 
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Epochs were extracted from the skin conductance channels during: resting eyes open; resLing 

eyes closed; continuous performance task; Go/No-Go task; and the cued target detection task 

(figure A2.15). Baseline va lues of skin conductance were not collected as amplifiers were set fo r 

skin conductance res1,onses (a phasic measure) and not skin conductance levels (a tonic 

measure). Skin conductance responses allow the assessment of what arousal adds to attentive 

abilities and not Just how the perfonnance will vary with any non-specific level of vigilance. 

,___ l_l. ... , ------'-

Figure A2.15 Breakdown of skin conductance responses during a recording session. The area between the black 
lines depicts the period in which skin conductance responses were calculated, gray shaded areas show areas between 
tasks in which the participant read the instructions for the following task. The l" channel in this diagram shows the 
raw skin conductance; the 2nd horizontal channel shows skin conductance response to FIR lHz low pass filter and; 
the 3rd channel shows the number of skin conductance responses and their duration when a threshold of 0.05 µmho 
was applied. The remaining channels are the digital input channels programmed into Eprime. 
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A2.9 Electrocardiogram 

Effective placement of the five ECG electrodes was achieved by first: vigorous cleaning of the 

areas of skin with alcohol swabs, drying these areas, and placing electrode gel pads on the left 

collarbone (chest lead), left leg and left arm (leads for I) , and right leg and right arm (leads for 

II). Ground was established with the SCR amplifier. The TSD155C multi-lead ECG cable with 

built-in Wilson terminal (with five leads) was plugged into the three ECG100C amplifier 

modules ( channels 2, 3, and 4 on the MP system, application note I 09 ECG from 

www.biopac.com). The Biopac Systems Incorporated, MP150 acquisition system was used with 

three EGCJO0C amplifier modules. Amplifier settings were as follows: gain set at 1000; mode 

normal; low pass filter set at 35 Hz; and high pass filter set at 0.5 Hz (application note 233, 

www.biopac.com). The sampling frequency of the software (Biopac Systems Incorporated, 

Acqknowledge 3.8.1) was set at 500 Hz with units of recording set at µvolts. The scaling 

parameters on software CALI input value was set at 10 with scale value set at I 0, CAL2 input 

value was set at -10 with scale value set at -10 (as recommended by software manufacturers). 

The trace was visually checked to confirm good connectivity as seen by the QRS complex. 

All processing of ECG data was carried out post recording session. Lead II was used to 

determine heart rate and heart rate variability (HRV) from the ECG recording. The data was 

passed through a FIR band pass filter with a hamming window. Low frequency cut-off was set at 

0.5 Hz and high frequency cut-off at 35 Hz. The number of coefficients was set at 4000, as 

recommended by Biopac Systems Incorporated (application note 233, www.biopac.com). 
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To establish the viability of the data, a tachogram was created with the specialized analysis 

software on version 3.9 Acqknowledge, run on a Macintosh computer. A tachogram represents 

the R-R interval from heart beat to heart beat, therefore providing evidence of missed beats or 

errors during the acquisition of data (figure A2.16). No data was manipulated, participants were 

removed if their data was erroneous. 

Numberofbc:ats 

Figure A2.16 Tachogram from the present study obtained in Acqknowledge 3.9 

The data underwent a fully automated heart rate variance analysis with the use of heart rate 

variance analysis software, from the Biomedical Signal Analysis Group, Department of Applied 

Physics, University of Kuopio, Finland (http://venda.uku.fi/research/biosignal). Default 

parameters set in the software for autoregressive analysis was applied to the tachograms: low 

frequency 0.04 to 0.15 Hz and high frequency 0.15 to 0.4 Hz. The autoregressive model order 

was set at 20. HRV measures reported in the present study include: relative low frequency 

power; relative high frequency power; and the low frequency to high frequency ratio. Heart rate 

was extracted for both resting eyes open and eyes closed states; during the continuous 
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performance task; during the Go/No-Go task; and during the cued target detection task. Heart 

rate variability was obtained for the three cognitive tasks only. 

A2.10 Electroencephalogram 

Biopac Systems Incorporated, MP150 acquisition system, was used with ten EEG amplifiers, 

EEGlO0C (www.biopac.com). Electrodes linking ear lobes were used as the reference in the 

present study. This was achieved by linking the EEG 1 00C amplifiers with JUMP 1 00C jumper 

cables. In-house constructed jumpers were used initially, as jumpers were not acquired when the 

initial system was purchased. The use of in-house jumpers reduced the number of recorded 

participants in respect to EEG measurements, as the in-house jumpers were found to be faulty. 

Each of the 10 amp Ii tiers was connected via a ribbon cable (1 m long), which ended by fanning 

into the international 10/20 montage EEG electrode cap (CAP 1 00C). 

The EEG lO0C amplifiers were set on normal mode; with low pass filter on 100 Hz and high pass 

filter on at 0.1 Hz with a gain of 1000 (application note 233, www.biopac.com). The sampling 

frequency of software (Biopac Systems Incorporated, Acqknowledge 3.8.1) was set at 500 Hz 

with the units of recording set as volts. The scaling parameters on the software were set as 

follows: CAL 1 input value was set at 10 with a scale value of 10, and the CAL2 input value was 

set at -10 with a scale value set at -10 ( as recommended by the software manufacturers). 

Channels of the 10/20 montage recorded were: Fp1, Fp2, F3, F4, C3, C4, P3, P4, 0 1, and 02 

respectively (figure A2.17). 
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Figure A2. l 7 Diagrammatic representation of the position of electrodes for the bilateral recording of scalp activity 
over the prefrontal, frontal, cingulate, parietal and occipital cortices during the testing session, which included three 
attentional tasks. 

Each of the electrodes of the cap had a central opening. An orange stick was used in a circular 

motion to clear the area of hair. Then each of the ten electrodes was filled with electrode gel 

(GEL lOOC, www.biopac.com). Care was taken to ensure that no air pockets were in the gel 

thereby ensuring a direct conduction pathway from the scalp to the recording electrode. 

A2. l 0.1 EEG filtering 

All processing of EEG data was carried out post recording. Each of the EEG channels ( channels 

3,4,5,6,7,8,9,10,11,12, figure A2.18) was filtered through a FIR band pass filter with a hamming 

window. Low frequency cut-off was at 0.5 Hz and high frequency cut-off was at 30 Hz. The 

number of coefficients was set at 4000, as recommended by Biopac Systems Incorporated 

(application note 233, www.biopac.com). 
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Figure A2. I 8 Full data set obtained from the Acqknowledge software, demarcating the channels that recorded the 
E:.EG, which included the prefrontal cortex (Fpl and Fp2), frontal cortex (F3 and F4), cingulate cortex (C3 and C4), 
parietal cortex (P3 and P4), and occipital cortex (0 I and 02). 

A2. I0. l EEG extraction of frequencies 

Fast Fourier transform of the data was carried out on the fi ltered EEG data in Acqknowledge 

3.8.1 for resting eyes open; resting eyes closed; the continuous performance task: Go/No-Gu 

task: cued target detection task; and for Lhe difJerent conditions of the Go/No-Go task. Absolute 

power values were obtained for theta (0, 4 -7 llz), alpha (a, 7-141-lz), and beta (P, 15-30 Hz) 

f reqU\.."llcy bands. For resting eyes open, resting eyes closed, the continuous pe1fo1mance task, the 

Go/No-Go task, the cued target detection task, and the conditions of the Go/No-Go task; the 
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extracted absolute power values were converted into relative power values, by division of a band 

power (0 or a. or ~ ) by the sum of the band powers extracted (0 + a. + ~). 

A2.10.1 EEG extraction of event-related potentials 

Event-related potentials (ERPs) were extracted slightly differently for each of the three tasks, as 

wi II be explained. The extraction of ERPs was set with artifact rejection values greater than + 100 

µvolts and less than 100 µvolts. This was followed by visual inspection of the averaged ERP 

for each participant, as the software used for the extraction did not permit the exclusion of a 

single ERP waveform or checking a single waveform. 

A2.10.1.1 Event-related potentials for the continuous performance task 

The continuous performance task ERPs were extracted from the digital signature of the stimulus 

(presentation of the third S, channel 3, figure A2.4). For the continuous performance task, one 

ERP was extracted per EEG channel for each participant. To visualize the effect of the cueing, 

ERPs were extracted 1300 msec prior to the stimulus and 900 msec post stimulus. The extracted 

average ERP was then baseline-corrected to the I 00 msec prior to the first cue. To determine the 

P300 latency and amplitude, the ERP was baseline-corrected for the I 00 msec prior to the 

stimulus. A window between 200 msec and 500 msec was used to determine the amplitude and 

latency of the P300 component for the parietal electrodes. Amplitude was calculated as the point 

of maximum height of the P300, and the latency was calculated as the time at which the 

maximum amplitude occurred. 

86 



A2.10.1.2 Event-related potentials for the Go/No-Go task 

The Go/No-Go task ERPs were extracted from the digital signature of the stimulus for each of 

the five conditions and for the presentation of the Vs' for the two no-go conditions. For the 

Go/No-Go task, seven ERPs were extracted per channel for each participant and for each of the 

following conditions: l st go 1 500 msec, 1st no-go, 1st no-go Vs, Go 3 500 msec, 2nd no-go, 2nd 

no-go Vs, and 2nd go 1 500 msec conditions. The digital signature of the stimuli (7 th digital 

channel) or Vs (8th digital channel) were extracted from 100 msec prior to either the stimulus or 

Vs presentation, and 900 msec post either the stimulus or Vs presentation. The average ERPs for 

each channel was then baseline-corrected for the 100 msec prior to stimulus or V's presentation. 

A window between 250 msec and 500 msec was used to determine the amplitude and latency of 

the P300 component for the parietal electrodes. Amplitude was the point at which the height of 

the P300 was maximal and the latency was the time at which this maximal amplitude occurred. 

A2. J 0. 1 .3 Event-related potentials for the cued target detection task 

The CTD task's ERPs were extracted from the digital signature of the stimulus for each of the 

four trial types. The digital signatures for the cues were embedded in the digital channels for 

each of the four trials: congruent trials (5 th digital channel), incongruent trials (6th digital 

channel), double cue trials (ih digital channel) and no-cue trials (8th digital channel). Each of the 

trials was extracted from 100 msec prior to stimulus presentation and 900 msec post stimulus 

presentation. The average ERPs for each trial type was then baseline-corrected for the 100 msec 

prior to stimulus presentation. Only the congruent trials' P300 component was extracted as: (1) 

digital tagging was insufficient to determine left or right cueing; (2) horizontal and vertical eye 
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movements were not measured; (3) Only 16 trails were presented for the incongruent trials, 

double-cue trials, and no-cue trials and therefore were deemed insufficient to determine a true 

representation of the P300 component of the ERP wave form (Luck, 2005). A window between 

400 and 700 msec was used to determine the amplitude and latency of the P300 component from 

the parietal electrodes. Amplitude was the point at which the height of the P300 was maximal 

and the latency was the time at which this maximal amplitude occurred. 

A2. l 0.3 Electroencephalogram problems 

On acquisition of the recording equipment; 'in-house' jumper cables were used to obtain a 

reference for the EEG, through the linking of electrodes attached to the earlobes, however these 

jumpers were faulty. This led the researcher to discard EEG data collected when these 'in-house' 

jumpers were used. Electro-oculograph measurements were not taken. Prefrontal electrodes Fp 1 

and Fp2 were used as indicators of high EOG activity. Participants were excluded if the 

extracted ERP averages for either Fp 1 or Fp2 appeared abnormal, from ERP analysis and EEG 

frequency analysis. The software used to extract the ERPs would not allow the exclusion of a 

single ERP, which would otherwise have allowed manual removal of the faulty ERP waveforms. 

Problems related to the cued target detection are listed under A2. l 0. 1 .3 

A2. l l Statistical analysis 

The Statistica 8 software package was used for the statistical analyses. Non-parametric statistics 

were used for all human data as Shapiro-Wilks W test revealed that the data was not normally 
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distributed. Mann-Whitney U test was performed for comparison of two independent samples. 

Kruskal-Wallis ANOVA was performed for comparison of several independent samples. 

Friedman ANOV A was performed for comparison of several dependent variables. Wilcoxon 

matched pairs test was performed when comparing two dependent variables. Spearman's Rank R 

was used to determine correlations between variables. When comparisons were made between 

dependent variables Bonferonni correction was applied, this was achieved by division of the 

standard p-value 0.05 by the number of dependent variables. An example of this would be three 

similar physiological measures that were dependent on each other required a significant value of 

p < 0.01667 (p < 0.05/3). Figures report mean ± SEM. Median and quartile box plot graphs can 

be found in the respective appendices. 
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A3 Results 

A3. I Participant characteristics 

AJ.1.1 Participants 

Eighty-four adults participated in the present study (27.1 ± 0.6 years): 50 females and 34 males. 

Participants had an average of 6 years of post-matriculation education (6.31 ± 0.34, table 

A3. l. l ). This characteristic was due to participant recruitment that was done within the 

University of Cape Town population. The cohort comprised 73 right-handed individuals, 5 left­

handed individuals and 6 ambidextrous individuals, as ascertained from the Edinburgh's 

handedness questionnaire. The participants did not report any current form or history of brain 

trauma, organic brain disease, history of epilepsy or diagnosis of any psychiatric or 

psychological disorder. Additional information including: allergies; headaches and family 

psychiatric disease, tabulated in A3. l .2. The Drug-use frequency questionnaire devised by 

O'Farrell et al. (2003) for the American population was adapted to include common street name 

drugs and drugs used in South Africa. Results are reported in table A3.1.3. 

Table A3.l.1 Participant ages and years of post-matriculation education 

female male 
participants participants All participants 

n 50 n=34 n 84 
Mean SEM Mean SEM Mean SEM 

Years of post matriculation education 6.32 0.35 6.29 0.69 6.31 0.34 
Age 26.8 0.7 27.6 0.9 27.1 0.6 

(median and quartiles appendix A6) 
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Table A3. I .2 Additional information obtained from cohort 

Allergies 

Chronic prescription for medication of allergies 

Acute prescription medication of allergies 

Suffer from allergies but are not medicated 

Headaches 

Suffer from migraine 

Suffer from cluster headaches 

Suffer from acute headaches 

No headaches reported 

Family member(s) with psychiatric disorders 

Depression 

Attention-deficit/hyperactivity disorder 

Schizophrenia 

Obsessive compulsive disorder 

Unknown disorder 

Table A3. I .3 Reported drug-use 

Drug use-frequency (last six months prior to testing session) 

Smokers (nicotine) 

Regular smokers (smoke 5 or more cigarettes per day) 

Social smokers (smoke 5-10 cigarettes per week) 

Non-smokers 

Alcohol consumption 

Regular drinkers (drink 5-7 days per week) 

Social drinkers 

Non-drinkers 

Caffeine consumption 

Regular drinkers (5-7 days per week) 

Occasional drinkers 

No-consumption of caffeine 

Marijuana use 

Regular smokers 

Social smokers 

Have tried marijuana 

n 84 

8 

8 

19 

12 

7 
45 

35 

4 

3 

n 84 

13 

7 
64 

4 

61 

19 

64 
I I 
9 

2 
4 

12 
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Have had stimulants 

Have had narcotics 

Have had cocaine 

Have had hallucinogenics 

4 

Mann-Whitney U test revealed significant differences between male and female participants for 

several of the questionnaires. Male participants reported higher levels of functional impulsivity 

as seen on the subscale of Dick.man's impulsivity scale, and higher reported levels of childhood 

physical abuse as measured on a subscale of the childhood trauma questionnaire (CTQ-SF). 

Female participants reported significantly higher levels for both subscales of Spielberger's trait 

anxiety (trait anxiety present and trait anxiety absent). Female participants reported significantly 

higher sensitivity to punishment a subscale of the sensitivity to punishment and sensitivity to 

reward questionnaire (table A3. l.4, appendix A6). 

Table A3.1.4 Reported subjective questionnaire scores 

fomale participants 
male e!!!icieants All earticieants 

Mean SEM n Mean SEM n Mean SEM n 

Dickman's imeulsivi~ scale 

# Functional impulsivity 5.46 0.22 50 6.27 0.29 33 5.78 0.18 83 

Dysfunctional impulsivity 4.66 0.25 50 4.88 0.25 33 4.75 0.18 83 

Sensitivity to punishment and sensitivity to reward questionnaire (SPSRQ) 

Sensitivity 10 reward 9.28 0.57 50 I0.52 0.7 33 9.77 0.44 83 
*Sensitivity to punishment 11.34 0.74 50 8.76 0.96 33 10.31 0.6 83 

Abbreviated Exsenck eersonali~ 9uestionnaire (EPQR-A} 

Extroversion 3.06 0.17 50 3.15 0.21 34 3.1 0.13 84 

lie Scale 2.96 0.21 50 3.56 0.24 34 3.2 016 84 

Psychoticism 2.98 0.11 50 3 0.16 34 2.99 0.09 84 

Neuroticism 2.8 0.25 50 2.18 0.29 34 2.55 0.19 84 

Kessler distress scale (KJO) 

20.9 0.69 50 21.59 1.8 34 21.18 0.83 84 
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Clonin~er's tridimensional e:rsonali!X guestionnaire subscales 

Novelty seeking 18.02 0.78 50 17.65 1.22 34 17.87 0.67 84 

Harm avoidance 20.42 1.39 50 16.74 1.82 34 18.93 1.12 84 

Seielber~er's trait anxiet:i: scale (ST AI-Tl 

• Anxiety absent 18.82 0.65 50 16.71 0.88 34 17.96 0.54 84 

*Anxiety present 20.22 0.7 50 17.97 0.81 34 19.31 0.54 84 

Childhood trauma questionnaire short form (CTQ-SF) 

# Physical abuse 5.66 0.19 50 6.5 0.28 34 6 0.16 84 

Physical neglect 5.8 0.19 50 6.38 0.32 34 6.04 0.18 84 

Emotional abuse 7.14 0.42 50 7.62 0.53 34 7.33 0.33 84 

Emotional neglect 7.88 0.47 50 8.24 0.6 34 8.02 0.37 84 

Sexualabuse 5.28 0.12 50 5.18 0.12 34 5.24 0.09 84 

mldenial 0.78 0.16 50 0.68 0.17 34 0.74 0.12 84 

Visual analogue scale (VAS) for reported mental effort 

Continuous performance laslc (cm) 3.17 0.13 49 2.36 0.28 34 2.78 0.22 83 

Go/No-Go task (cm) 5.33 0.35 49 4.91 0.50 34 5.15 0.30 83 

Cued target detection task (cm) 2.82 0.32 48 2.69 0.37 34 2.77 0.23 82 

Mann-Whitney U test by gender, p < 0.05, * females significantly higher than males, 
ff 

males significantly higher scores 
than females 

For the subjective questionnaires one participant did not complete Dickman's impulsivity scale 

and the sensitivity to punishment and sensitivity to reward, one participant did not mark off on 

the visual analogue scale their perceived level of mental effort and one participant did not 

complete the cued target detection task and therefore was unable to report on their perceived 

mental effort for this task. When any of the analyses were performed, if a data point was 

missing, the participant was removed from the analysis that followed. 

A3.l.2 Blood samples 

Eighty-four participants' blood samples were stored at -80°C. For each participant two blood 

buffy layer samples and two plasma samples were stored in 2 ml eppendorff vials. Each of the 
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two samples was derived from one of the two blood samples collected. The future analysis of 

these samples is dependent upon the outcomes of the present study. 

A3.l.3 Changes in Salivary Cortisol 

Kruskal-Wallis ANOVA revealed no significant differences for salivary cortisol prior to or post 

testing. In addition no significant differences were found for gender. There were no significant 

differences noted for use of the contraceptive pill (table.A3.1.4, appendix A6). 

Table A3. l .4 Participants' salivary cortisol (µg/dL) measures prior to and post cognitive testing 

Cortisol prior to cognitive testing Cortisol post cognitive testing 
n Mean SEM Mean SEM 

Male participants 34 0.170 0.025 0.200 0.029 

Females not taking contraceptive pill 30 0.166 0.016 0.166 0.029 

Females taking contraceptive pill 17 0.214 0.035 0.182 0.026 

All participants 81 0.177 0.014 0.184 0.017 

Mann-Whitney U test grouping gender, p < 0.05, nodifferencefound, units µgldL 

Three participants were excluded from the cortisol analysis. One participant had exceptionally 

high cortisol measures ( 1 Ox higher mean value) and two participants yielded insufficient saliva 

for the post cognitive testing sample. 

A3.J.4 Skin conductance responses and their durations/or the stages of the testing session 
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Friedman ANOVA revealed significant differences for skin conductance duration. Wilcoxon 

matched pairs test with Bonferroni correction (p < 0.0 I) revealed that the duration of responses 

during resting eyes open were significantly shorter in comparison to all other stages of the testing 

session. During resting eyes closed the duration of responses were longer than during the 

continuous performance task. The duration of responses during the continuous performance task 

were shorter than responses in the Go/No-Go task and the cued target detection task. The number 

of skin conductance responses for the different stages of the testing session were not compared. 

This was due to the different stages being of dissimilar duration (Figure A3. l. l, appendix A6). 
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Figure A3.1. l Skin conductance durations and number of responses. *Duration of response during the brief period 
of resting eyes open was shorter than all other stages of the testing battery, # during the resting eyes closed state, the 
duration of skin conductance responses were longer than during the continuous performance task, @ the duration of 
response during the continuous performance task was shorter than for the Go/No-Go task and the cued target 
detection task (p < 0.01, n = 84, mean± SEM, median and quartiles appendix A6). 

Eighty-four participants' skin conductance responses and durations were recorded. Five 

participants were 'non'-responders, meaning that they did not reach the lower threshold (0.05 

µmho, Dawson et al., 2001) set in the current analysis protocol for skin conductance response. 
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Removal of the 'non'-responders at any point of the following analyses did not affect the results 

and therefore were included in the analyses. 

A3.1.5 Electrocardiogram heart rate for stages of the testing session 

Friedman ANO VA revealed significant differences in heart rate during the different stages of the 

testing session. Wilcoxon matched pairs test with Bonferroni correction (p < 0.01) revealed 

slower heart rate during resting eyes open and resting eyes closed in comparison to heart rate 

during the three cognitive tasks. Heart rate was higher during the Go/No-Go task than during the 

cued target detection task ( figure A3 .14, appendix A9). 
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Figure A3.14 Heart rate during the cognitive testing battery, *participants' heart rates were lower during rest, heart 
rate during the #Go/No-Go task was higher than during the cued target detection task (p < 0.01, n = 76, mean± SEM 
(median and quartiles appendix A6)). 

Seventy-six participants were included for heart rate variance analysis, eight participants were 

excluded due to errors seen in tachograms. 

A3.1.6 Electroencephalogram frequencies during resting eyes open and resting eyes closed 
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1 he first four minutes or the resting session comprised two resting states: eyes open and eyes 

cltlsed. EEG frequency bands for theta, alpha and beta were extracted. Absolute values were 

comparable, as epochs during the two resting states were similar. Electrodes used for th.: 

frequency extraction were fronta l (F3 and F4) and parietal (P3 and P4). Wilcoxon matched pairs 

test with Bonferroni correction (p < 0.025) revealed differences between eyes open and eyes 

closed for absolute (figure A3. l .3) and relative frequency powers (figure A3. I .4). Only one 

exception was found as absolute theta did not differ for P4 between resting eyes open and resting 

eyes closed (appendix A6). 
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Figure A3. U Absolute frequency power during two resting states prior Lo the cognitive testing; resting eyes open 
followed by resting eyes closed. All absolute frequency measurements differed between eyes open and eyes closed, 
except P4 absolute theta (p < 0.025, n = 4 7, mean± SEM, median and quartiles appendix A6). 
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Figure AJ .1.4 Relative frequency power during two resting states prior to lhe cognitive testing; resting eyes open 
followed by resting eyes closed. All relative frequency measurements differed from eyes open to eyes closed (p < 
0.025, 11 =47, niean ± SEM. median and quani les appendix A6). 

A3.2 Differences between and within the three cognitive tasks 

AJ. 2. J Response times 

Eighty three participants were used in the following analyses, as one participant did not complete 

the cued target detection task due to software error. This was the only time that this n1a lfunct1on 

occurred and does not comprise any of the data col lected. 

AJ.2.1. 1 Cognitive /asks response times 

For each of the three tasks, response times were summed, and divided by the number of 

responses to obtain the average response times. F'riedman's ANOYA revealed significant 

differences in response times. Wilcoxon's matched pairs test with Bonferroni correction (p < 
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0.0 1667) revealed shoLter response times for the continuous performance task and Go/No-Go 

task when compared with the cued target detection task (figure AJ.2.1, appendix A 7). 
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Figure A3.2,. J Average response times for the three cognitive tasks, the • continuous performance task and Go/No­
Go task response times were shorter than for the cued target deteclion task (p < 0.0 1667, n = 83, mean ± SEM 
(median and quartiles appendix A 7)). 

Spearman 's rank order correlation with Bonferroni correction (p < 0.01667) y ielded pos itive 

correlati0ns between all cognitive tasks for their average response times ( table AJ.2.1, p < 0.0 I, 

appendix A 7). 

Table A3.2. l Attentional tasks response times relationships 

cued target duwction task 
out.:d tarict detec.tion lllsk 
continuous performance !ask 

continuous performance task 
go/no-go 1ask 
go/no-go task 

,.. 
Spearman 

0.4 18338 
0.450338 

0,398262 

p-level 

0.000082 
0.0000 19 

0.000 192 

Spetm110,1's rank order c'orre/(J/ians. fJonftn-0111 correct,on p < {/, () 1667 n = 83. •011 cond1tions sign,jicot1tly 
cor,--efllU•d 
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AJ.2. / .2 Response limes for the different condi1ions of the Go/No-Go task 

The Go/No-Go task had five conditi0ns, of which two involved stimuli, that required the 

participants to inhibit their response, the 1st and 2nd no-go conditions. For one of the conditions 

1here was a period of delay prior to the presentation of the stimulus, the Go 3 500 rnsec 

condition, Friedman ANOVA revealed significant differences in response times. Wilcoxon 

matched pairs test with Bonferroni correction (p < 0.0 1) revealed that the 1st go I 500 msec 

condition response times were shorter Lhan all other conditions, and that the 2nd go I 500 msec 

condit ion response times were sho,ier than the remain ing cond itions' response rimes (figure 

A3.2.2, appendix A 7). 
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Figure AJ.2.2 Response times for the five condi rions of the Go/No-Go task.,• 1" go condition with inLerstirnulus 
interval of I 500 msec response times were shorter than all other conditions, "2nd go condition with interStimulus 
interval of I 500 msec responses times were shorter for both of the no-go conditions and the 3 500 rnsec go 
condition (p < 0.0 l, n -= 83. mean± SEM, median and quartiles appendix A7). 

Spearman 's rank order correlation with Bon Ferroni correction (p < 0.0 I) yielded positi ve 

correlations between al l Go/No-Go task conditions response times (table AJ.2.2~ appendix A7). 

l?rrors made during the two no-go conditions did not differ ( figure A3.2.3, appendix. A 7). 
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T able A 3.2.2. Go/N o-Go task conditions response t imes rel at ionsh ips 

Spearman p-level 
I st go I 500 msec condition & I st no-go conJ i1 ion 0.3)5 

1st go I 500 msec condi tion & go 3 500 rnsec cond11ion 0.403 

1st go I 500 msec condi tion & 2nd no-go condition 0.366 

1st go I 500 rnsec condition & 2nd go I 500 msec condition • 0.5 11 

1st no-go condi tiun & go J 500 msec condrtion 0.428 

I st no-go condition & 2nd no-go condirion 0.464 

I st no-go condi tion & 2nd go I 500 msec condition 0.559 

go J 500 msec condition & 2nd no-go condilion 0.475 

go J 500 mscc condition & 2nd go I 500 msec condition 0.585 

2nd no-go condition & 2nd go I 500 msec condition 0.472 

Specmnan's r ,'/llk order correlations, Bonferrom correcaon p < () Ol. 11 = 83, •all cond1tit)11s -'~f!.niJii:u111/y 
correlared /mC'd/<111 a11d quarules u11pe11dl.r ,17) 
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Figure A3.2.3 Number of errors made during the no-go conditions of the Go/No-Go task. No differences between 
the I" and 2"d no-go conditions were found (n = 83. mean ± SEM. median and quartiles appendix A 7). 
A3. 2.1.J Response times f or the d(fferent conditions of the cued target detection Lask 

The cued target detection task had four different trial conditions, which were interlaced and not 

St!rially distinguished. These. four trial conditions vary by presentation of different cues. 

Friedman ANOVA revealed significant differences in response times. Wilcoxon matched pairs 

test w ith Bonferroni correction (p < 0.0 I 25) revealed that for congruent trials, response times 
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were shorter than all other trial conditions. For the no-cue trials, response times were longer than 

all other trial conditions (figure A3.2.4, appendix A 7). 
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Figure A3. l .8 Response times for the four different trial conditions of the cued target detection task, *congruent 
trials had shorter response times than all other trial conditions. The absence of a cueing stimulus, in the H no cue 
trials, resulted in longer response times than all other trial types (p < 0.0125, n = 83 , mean ± SEM, median and 
quartiles appendix A7). 

Spearman's rank order correlation yielded positive correlations between response times for the 

different trial conditions of the cued target detection task (table A3.2.3, appendix A 7). 

Table A3. I .7 . Cued target detection task response times relationships 

Response times for the cued target detection tasks Spearman p-level 

congruent & incongruent * 0.879371 p < 0.0001 
congruent & double cue • 0.9 I 5558 p < 0.0001 
congruent & no cue * 0.799421 p < 0.0001 
incongrncnt & double cue * 0871038 p < 0.0001 
incongruent & no cue • 0.824881 p < 0.0001 
double cue & no cue * 0.866777 p < 0.0001 

Spear man's rank order correlations, 8011/erroni correction p < 0.0 I 25, n 83, * all condiriuns significantly 
correluted (median and quartiles append Lr A 7) 

A3.2.2 Skin conductance responses and durations 

Eighty-four participants' skin conductance responses and durations are reported. Five 

participants were 'non' -responders, meaning that they did not reach the lower threshold (0.05 

µmho, Dawson et al. , 200 l) set in the current analysis protocol for skin conductance response. 
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AJ. 2. 2.1 Skin conductance responses and durations for the three cognitive tasks 

See results section A3. 1.5 

AJ.2.2.2 Skin conductance responses and durations for the Go/No-Go task conditions 

Friedman ANOVA carried out on the conditions of the Go/No-Go task revealed significant 

differences for the values and duration of skin conductance responses. Wilcoxon matched pairs 

test with Bonferroni correction (p < 0.0083) revealed skin conductance durations were longer 

during the I st go 1 500 msec condition than for the I st and 2nd go 3 500 msec conditions. The I st 

no-go condition durations were longer than all other conditions except the 2nd no-go condition. 

The number of skin conductance responses was higher for the I st no-go condition than both of 

the go 3 500 msec conditions (figure A3.2.5, appendix A 7). 
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Figure A3.2.5 Skin conductance duration of responses and number of skin conductance responses during the 
different conditions of the Go/No-Go task. * I st go I 500 msec duration of responses was longer than both of the go 
3500 msec conditions. ' l st no-go condition duration of skin conductance responses was longer than all others except 
the 2nd no-go condition. Cul I" no-go condition number of responses were greater than both of the go 3500 msec 
conditions (p < 0.0083 , n = 83, mean± SEM (median and quartiles appendix A 7)). 
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Friedman ANOVA for heart rate variance parameters: low frequency (0.04 - 0.15 Hz), high 

frequency (0.15 - 0.4 Hz) and LF/HF ratio, did not yield any significant differences between the 

three cognitive tasks (figure A3.2.6, appendix A 7). 
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A3.2.6 Heart rate variance parameters for the three cognitive attentional tasks ; no differences were found (n = 76, 
mean± SEM (median and quartiles appendi x A 7)) 

Seventy-six participants were included for heart rate variance analysis, as eight participants were 

excluded due to errors seen in tachograms. Error in a tachogram is indicative of beats skipped or 

beats dropped through technical dysfunction. 
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A3.2.4 Electroencephalogram measures 

AJ.2.4.1 Relative EEG frequency 

AJ.2.4.1.1 Relative EEG frequency differences between the three cognitive tasks 

Friedman ANOVA revealed differences for relative beta power for frontal electrodes (F3 and F4) 

and parietal electrodes (P3 and P4). Differences were also found in relative alpha power for 

parietal electrodes (P3 and P4), and beta to theta ratio for frontal electrodes (F3 and F4). 

Wilcoxon' s matched pairs test with Bonferroni correction (p < 0.01667) revealed that frontal 

electrodes (F3 and F4) relative beta activity were significantly higher for the cued target 

detection task than for both the continuous performance task and the Go/No-Go task. In addition 

relative beta power for the continuous performance task was higher than during the Go/No-Go 

task for frontal electrodes. Relative alpha power for parietal electrodes (P3 and P4) was higher 

for the Go/No-Go task when compared to the continuous performance task and the cued target 

detection task. (figure A3.2.7, appendix A7). Note on relative theta being different, however 

showing high frontal. Theta to beta ratio was higher for the Go/No-Go and the continuous 

performance task than for the cued target detection task (figure A3.2.8, appendix A7). 
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Figure A3.2.7 Frontal and parietal electrodes' relative frequency power for the three cogrut1ve tasks. Frontal 
electrodes (F3 and F4) *relative beta power for cued target detection task higher than continuous performance task 
and Go/No-Go task, and the continuous performance task relative beta power was higher than for the Go/No-Go 
task. Parietal electrodes (P3 and P4) #relative alpha power for Go/No-Go task higher than continuous performance 
task and cued target detection task (p < 0.01667, n = 46, mean± SEM, median and quartiles in appendix A 7). 
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Figure A3.2.8 Relative theta to beta ratios for the three attentional cognitive tasks. *F3 theta/beta ratio for cued 
target detection was lower than for the continuous performance task and Go/No-Go task 
Frontal electrodes (F3 and F4) *relative theta/beta ratio for the Go/No-Go task was higher than continuous 
performance task and cued target detection task, # the continuous performance task theta/beta ratio was higher than 
cued target detection task (p < 0.01667, n = 46, mean± SEM (median and quart iles appendix A7)) . 

A3.2.4. l .2 Relative EEG frequency differences between conditions of the Go/No-Go task 

Friedman ANOV A carried out on the relative frequencies of the Go/No-Go task conditions 

revealed significant di ffi rences for relative frequency powers for frontal (F3 and F4) and parietal 

(P3 and P4) electrodes. Wilcoxon matched pairs test with Bonferroni correction (p < 0.01) 

revealed that F3 relative theta power fo r the go 3 500 msec was higher than the 1 stgo l 500 msec 

and 1st no-go conditions (table A3.2.4, appendix A 7). F3 relative alpha power for the 1st go 1 500 

msec was significantly lower than the go 3 500 msec, 2nd no-go and the 2nd go 1 500 rnsec 
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conditions. F3 relative alpha power for the I st no-go was significantly lower than the go 3 500 

msec condition. F4 relative theta power was lower during the 1st go I 500 msec and the I st no-go 

condition was lower than the go 3 500 msec condition. F4 relative alpha power during the 1st go 

I 500 msec and 1st no-go were lower than during the go 3 500 msec condition. F4 relative beta 

power for the 1st go 1 500 msec was higher than for the 2nd no-go and 2nd go 1 500 msec 

conditions. 

P3 relative theta power was higher for the I st go I 500 msec and the I st no-go condition than for 

go 3 500 msec condition. P3 relative alpha power was higher for the go 3 500 msec and the 2nd 

no-go condition than the I st go 1 500 msec and 1st no-go conditions. P3 relative alpha power for 

the go 3 500 msec was higher than the 2nd no-go and 2nd go I 500 msec conditions. P3 relative 

beta power was higher for the I st go I 500 msec than all other conditions. P4 relative theta power 

for the 1st go I 500 msec and 1st no-go was higher than go 3 500 msec condition. P4 relative 

alpha power for the 1st go 1 500 msec and 1st no-go was lower than go 3 500 msec, 2nd no-go 

condition, and the 2nd go I 500 msec conditions. P4 relative alpha power for the go 3 500 msec 

condition was higher than the 2nd no-go condition. P4 relative beta power for the I st no-go 

condition was higher than go 3 500 msec condition (table A3.2.4, appendix 7). Relative theta to 

beta ratios revealed no differences (table A3.2.5, appendix 7). 
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Table A3 .2.4 Relative frequencies for the conditions of the Go/No-Go task 

Go/No-Go task Go/No-Go task Go/No-Go task Go/No-Go task Go/No-Go task 
1st go 1500ms I st no-go l 500ms 1st go 3500ms 2nd no-go 1500ms 2nd go l 500ms 

condition condition condition condition condition 
Relative frequency 

power 
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM 

F3 8 43.02 2.01 43.31 2.04 . 38,92 2.07 41.19 2.16 41.38 2.22 

a @> 31.05 1.12 32.79 IJ2 36.62 1.55 • 33.71 133 34.73 1.70 

p 25.93 1.40 23.91 1.33 24.46 1.47 25. JO 1.60 23.90 1.39 

F4 8 40.61 2.07 41.90 2.12 38.23 2.09 40.50 2.09 40,94 2.35 

31.74 135 32.56 1.44 . 36.21 1.61 # 33.63 1.43 34.54 1.72 a 

p @> 27.65 1.67 25.55 1.69 25.56 1.56 25.87 1.71 24.51 1.53 

P3 e 28.47 1.84 29.87 2.12 24.60 1.86 27.20 1.89 28.21 2.40 

a § 42.47 2.07 43.83 206 50.50 2.44 • 46.77 2.18 45.89 2.67 

p * 
29.06 1.39 26.30 139 24.89 1.45 26.03 1.49 25.89 1.65 

P4 e 28.32 1.87 29.19 1.98 . 25.19 1.97 27.40 1.87 27.45 2.43 

a @> 42.26 2.05 . 42.70 1.98 49.19 2.43 45.64 2.11 46.21 2.70 

p * 
29.42 1.45 28.11 1.48 25.63 1.47 26.96 I.SI 26.34 1.72 

Wilcoxon matched pairs test, Bonferroni correction, p-value < 0.01, n = 48, *go 3500ms condition different from /st go 
/500ms condition and /st no-go condition, # 2nd no-go condition different from go 3500ms condition, @ /st go /500ms 
condition different from 2nd no-go condition and 2nd go condition, t 2nd go condition different from go 3500ms condition,§ 
I st go l 500ms condition different from 2nd no-go condition, □ I st no-go condition different from 2nd no-go condition and 2nd 
go I 500ms condition, / I st go I 500ms condition different from all (medians and quartiles appendix A 7) 

Table A3.2.5 Relative theta/beta ratios for the different conditions of the Go/No-Go task 

Go/No-Go task Go/No-Go task 
Go/No-Go task 1st nogo Go/No-Go task 2nd nogo Go/No-Go task 
1st go I 500ms 1500ms go 3500ms 1500ms 2nd go 1500ms 

condition condition condition condition condition 
Relative theta/beta ratio 

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM 

F3 2.30 0.32 2.52 0.34 2.19 0.29 2.42 0.36 2,80 0.69 

F4 2.09 0.33 2.55 0.40 2.09 0.28 2.23 0.30 2.94 0.83 

P3 1.13 0.13 1.35 0.21 1.21 0.20 1.28 0.18 1.77 0.67 

P4 1.20 0.19 1.55 0.26 1.22 0.20 1.33 0.19 1.79 0.64 

Wilcoxon matched pairs test, Bonferroni correction, p-value < 0.01, n 48, no significant differences were found 
(medians and quartiles appendix A 7) 
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AJ.2.4.2 Event-related potentials 

Event-r lated potentials were extracted fo r all three cognitive tasks and for the different 

conditions of the Go/No-Go tasks. Additionally the P300 component amplitude and latency were 

extracted for the parietal electrodes. 

AJ.2.4.2.1 Event-related potentials for the continuous performance task 

Two cues were presented fo llowed by the stimulus for the continuous performan e task. Event 

related potentials were extracted from all ten electrodes to visualize the cueing process. Th se 

ERPs were baseline correct d fo r the 100 msec prior to the 1st cueing stimulus (figure A3.2.9). 
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Figure A3.2.9 Continuous performance task ERPs with two cues and stimulus, for the ten scalp electrodes (n = 51 , 
mean). 
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P300 amplitudes and latenci s were extracted from the ERPs relative to stimulus presentation 

and baseline corrected to 100 msec prior to stimulus presentation (table A3.2.6, figure A3.2 .1 0) . 
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Figure A3.2.10 Continuous performance task ERPs relative to the stimulus and baseline corrected, for the ten scalp 
electrode (n = 51, mean). 

Table A3.2 .6 P300 amplitudes and latencies for the continuous performance task ERPs 

Amplitude P300 (µV) 

P3 

P4 

Mean 

7. 15 

7.26 

n = 51 (mean± SEM) 

SEM 

0.50 

0.52 

Latency P300 (msec) 

Mean 

307.22 

297.92 

SEM 

10 .07 

8. 19 
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A3.2.4.2.2 Event-related potentials Go/No-Go task 

Event related potentials were extracted from all ten electrodes. P300 amplitudes and latencies 

were extracted from the ERPs relative to stimulus presentation and baseline corrected to l 00 

msec prior to stimulus presentation (figure A3.2.1 l ). 

The P300 amplitude and latencies were extracted from the ERP waveforms for the parietal 

electrodes. Friedman ANOV A carried out on parietal P300 amplitudes and latencies found for 

the Go/No-Go task conditions revealed significant differences for P300 amplitudes and latencies 

for parietal ERP waveforms. Wilcoxon matched pairs test with Bonferroni correction (p < 

0.00714) revealed that P300 amplitudes were higher in l st and 2nd no-go condition trials for 

stimuli that required inhibition of response than 1st and 2nd go 1500 msec conditions and the go 3 

500 msec condition. The P300 amplitude of the 1st go 1 500 msec condition was smaller than the 

2nd no-go conditions. For the P4 P300 amplitude the l st no-go condition trials P300 amplitudes 

were smaller than the no-go condition trials P300 amplitudes which required inhibition of 

response. Wilcoxon matched pairs test with Bonferroni correction (p < 0.00714) revealed that 

parietal P300 latencies were greater for the l st and 2nd no-go trials that required inhibition of 

response than the l st and 2nd go l 500 msec condition, and the 3 500 msec condition. The l st go 1 

500 msec condition P300 latency was earlier than for the 1st no-go condition P300 latency. In 

addition the P3 parietal electrode P300 latency for the 2nd go l 500 msec condition was earlier 

than the 1st no-go condition P300 latency (table A3.2.6, appendix A9). 
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Figure A3.2. l l ER Ps in the G o/No-Go task conditions: I" and 2nd go I 500 msec condition, Go 3 500 msec 
condition, 1 si and 2nd no-go condition and the 1 si and 2nd no-go condition trials that required inhibition ofresponse, for 
the ten scalp electrodes (n = 48, mean). 
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AJ.2.4.2.3 ERPs in the cued target detection task 

ERPs were extracted from all ten electrodes. P300 amplitudes and latencies were extracted from 
the ERPs relative to stimulus presentation and baseline corrected to I 00 msec prior to stimulus 
presentation (figure A3.2 .12). 
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Figure A3 .2. l 2 Cued target detection task ERPs for different trial types: congruent trials, incongruent trials, double 
cue trials, and no-cue trials, for the ten scalp electrodes (n = 51 , mean) . 

115 



Only the congruent trials P300 amplitudes and latencies are reported (table A3.2.7, appendix 

A9). 

Table A3.2.7 Amplitudes and latencies of the parietal P300 for the cued target detection task congruent trials 

Amplitude P300 (µV) Latency P300 (msec) 

P3 

P4 

Mean 

4.17 

4.03 

n = 51 (mean± SEM) 

SEM 

0.37 

0.35 

Mean 

536.8 

523.1 

SEM 

9.03 

7.42 
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A3.3 Reported mental effort during the three attentional tasks and their physiological correlates 

Wilcoxon matched pairs test with Bonferroni correction for mental effort during the completion 

of the three cognitive tasks revealed increased mental effort during the Go/No-Go task (table 

A3.3.l, appendix A8). 

Table A3.3. l Reported mental effort differences for the three cognitive tasks 

Mental effort (visual analogue, cm) 

Continuous performance task 
Mean SEM 

2.85 0.32 

Go/No-Go task 
Mean SEM 

4.91 0.37 

Cued target detection task 
Mean SEM 

3.60 0.34 

Wilcoxon matched pairs test, Bonferroni correction, significance p-value < 0.0 I 667, n = 46, • different to all tasks 

Spearman's rank order correlation analysis was performed to determine relationships between 

required mental effort and physiological measures during the completion of each of the cognitive 

tasks. Without Bonferroni correction (p < 0.05), mental effort during the Go/No-Go task yielded 

relationships for heart rate variance parameters; high frequency and low frequency to high 

frequency ratio. Relative theta frequency power of F3 was negatively correlated with mental 

effort of the Go/No-Go task and the cued target detection task. Relative beta frequency power of 

F3 was positively correlated with the perceived mental effort during the cued target detection 

task. Relative theta power of F4 was negatively correlated with the perceived mental effort 

during the cued target detection task. Relative beta power of F4 was positively correlated with 

the mental effort required during the cued target detection task. Relative beta power of the P3 

was positively correlated with the perceived mental effort during all three of the attentional tasks. 

Relative beta power of the P4 was positively correlated with the mental effort required for the 
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Go/No-Go task. The relative theta to beta ratio for F3 and F4 were negatively correlated with the 

perceived mental effort during the cued target detection task and relative theta with beta ratio for 

the P3 was negatively correlated with the perceived mental effort during the Go/No-Go task and 

during the cued target detection task (table A3.3.2, appendix A8). With Bonferroni correction (p 

< 0.01667) relative theta frequency power of F3 was negatively correlated with the perceived 

mental effort during the Go/No-Go task and during the cued target detection task. Relative beta 

frequency power of F3 was positively correlated with the perceived mental effort during the cued 

target detection task. Relative beta power of the P3 was positively correlated with the perceived 

mental effort during the Go/No-Go task and during the cued target detection task. Relative beta 

power of the P4 was positively correlated with the mental effort during the Go/No-Go task. The 

relative theta to beta ratio of for F3 and F4 were negatively correlated with the perceived mental 

effort during the cued target detection task and relative theta to beta ratio for the P3 was 

negatively correlated with the perceived mental effort during the cued target detection task. 
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Table A3.3.2 Perceived mental effort during three attentional tasks and their physiological correlates 

Continuous Cued target detection 
Correlates to Mental Effort 2erformance task Go/No-Go task task 

Spearma Spearma p-
n p-level Spearman p-level n level 

Skin conductance response -0.21 0./70 -0.02 0.907 o.oi 0.946 

Skin conductance response duration (ms) -0.13 0.390 0.00 0.976 -0.12 0.436 

Heart Rate -0.08 0.608 0.11 0.454 o.oi 0.972 

Heart rate variance low frequency 0.12 0.447 0.26 0.085 0.17 0.248 

Heart rate variance high frequency 0.03 0.819 • -0.32 0.030 -0.24 0./01 

Heart rate variance LF /HF 0,07 0.647 • 0.34 0.022 0.25 0.090 

• 
Frontal electrode F3 relative theta power -0,09 0.533 • -0.37 0.011 • -0.33 0.024 

Frontal electrode F3 relative alpha power -0.08 0.588 0.21 0./60 0.11 0.470 

Frontal electrode F3 relative beta power 0.08 0.590 0.24 0./15 •• 0.39 0.008 

Frontal electrode F4 relative theta power 0.11 0.454 -0.21 0./66 • -0.34 0.021 

Frontal electrode F4 relative alpha power -0.10 0.523 0.10 0.522 -0.02 0.912 

Frontal electrode F4 relative beta power -006 0.696 0.25 0.092 .. 0.48 0.00/ 

Parietal electrode P3 relative theta power 0.04 0.795 -0.16 0.275 -0.18 0.232 

Parietal electrode P3 relative alpha power -0.27 0.065 0.01 0.949 -0.03 0.8/9 

• 
Parietal electrode P3 relative beta power • 0.29 0.047 • 0.38 0.009 .. 0.40 0.006 

Parietal electrode P4 relative theta power 0.01 0.936 -0.17 0.258 -0.23 0./26 

Parietal electrode P4 relative alpha power -0.22 0./43 -0.01 0.944 0.13 0.399 

• 
Parietal electrode P4 relative beta power 0.18 0.221 • 0.37 0.0/0 0.21 0./57 

Frontal electrode F3 relative theta/beta ratio -009 0.536 -0.27 0.07/ .. -0.39 0.007 

Frontal electrode F4 relative theta/beta ratio 0.10 0.502 -0.21 0./66 .. -0.44 0.002 

Parietal electrode P3 relative theta/beta ratio -0.16 0.288 • -0.30 0.046 .. -0.40 0.006 

Parietal electrode P4 relative theta/beta ratio -0.11 0.451 -0.27 0.064 -0.27 0.069 

Spearman 's rank order correlations between perceived mental effort and physiological parameters 
measured during the three attentional tasks: the continuous performance task, the Go/No-Go task and the 
cued target detection task, n 46, • significant correlates (p < 0.05) with perceived mental effort during 
the performance of the three attentional tasks, with Bonferroni correction (p < 0.0 I 667)**significant 
correlates with required mental effort during the performance of the three attentional tasks 

119 



A3.4 Impulsivity and its relationship with response times, errors and physiological parameters 

during the three attentional tasks 

A3. 4.1 Three cognitive tasks and scales of impulsivity 

Spearman's rank order correlations were performed to determine which of the three tasks were 

correlated with Dickman's scale of impulsivity, which was divided into two subscales of (I) 

functional impulsivity and (2) dysfunctional impulsivity. Significant correlations with 

dysfunctional impulsivity for several of the Go/No-Go task conditions: the I st go 1500 msec 

condition, the I st go 3500 msec condition, and the I st no-go condition (table A3.4.1, appendix 

A9). 

Table A3.4. I Dickman's subscales of functional and dysfunctional impulsivity and their relationships to response 
times during the three cognitive tasks and their conditions/trials. 

Correlates with Dickman 's scale ofimpulsivity 

Functional impulsivity Dysfunctional impulsivity 
Speannan p-level Spearman p-level 

Cued target detection congruent response times 0.11 0.329 -0.01 0.900 

Cued target detection incongruent response times 0.17 0.142 -0.01 0.932 

Cued target detection double cue response times 0.11 0.332 -0.03 0.825 

Cued target detection double cue response times 0.08 0.516 -0.04 0.709 

Continuous performance response times 0.05 0.695 -0.17 0.147 

Go/No-Go task 1st go l500ms condition response times 0.10 0.385 • -0.30 0.0/0 

Go/No-Go task I st no-go I 500ms condition response times -0.09 0.419 0.10 0.385 

Go/No-Go task 1st go 3500ms condition response times -0.02 0.868 • -0.25 0.03/ 

Go/No-Go task 2nd go 3500ms condition response times 003 0.787 -0.05 0.694 

Go/No-Go task 2nd no-go 1500ms condition response times 0.09 0.422 0.14 0.229 

Go/No-Go task 2nd go l 500ms condition response times 0.13 0.280 -0.08 0.491 

Go/No-Go task I st no-go condition errors 0.00 0.977 * 0.32 0.004 

Go/No-Go task 2nd no-go condition errors -0.08 0.470 0.08 0.499 

Spearman's rank order correlation, p-value < 0.05, n 48. • significant correlations with Dickman 's scale of dysfunctional impulsivity 

A3.4.2 Three cognitive tasks and errors in the Go/No-Go task 

120 



Spearman's rank order correlation analysis was performed to determine whether reaction times 

during the three attentional tasks and their different conditions/trials were related to the number 

of errors made during the no-go conditions of the Go/No-Go task. Significant correlations were 

found. The response times of the continuous performance task were negatively correlated with 

the number of errors made during the no-go conditions. The response times for the congruent 

trials during the cued target detection task were negatively correlated with the errors made during 

the t st no-go condition. The response times for all of the Go/No-Go task conditions were 

negatively correlated with the number of errors made during the no-go conditions of the Go/No­

Go task, except for the response times during the 2nd no-go condition (table A3.4.2, appendix 

A9). 

Table A3.4.2 Response time correlations with errors made during the no-go conditions of the Go/No-Go task 

Go/No-Go task Errors 

1st no-go condition 2nd no-go condition 

Cued target detection congruent response times 
Cued target detection incongruent response times 

Cued target detection double cue response times 

Cued target detection double cue response times 
Continuous performance response times 

Go/No-Go task 1st go 1500ms condition response times 

Go/No-Go task I st no-go I 500ms condition response times 

Go/No-Go task 1st go 3500ms condition response times 

Go/No-Go task 2nd go 3500ms condition response times 
Go/No-Go task 2nd no-go 1500ms condition response times 

Go/No-Go task 2nd go 1500ms condition response times 

* 

• 
• 

• 

Spearman 

-0.26 

-0.21 

-0.17 
-0.1& 

-0.3& 

-0.45 

-0.25 
-0.34 

-0.24 

-0.23 

-0.28 

p-level 

0.024 
0.069 
0./46 
0.125 
0.00/ 
0.000 
0.032 
0.003 
0.036 
0.049 
0.014 

Spearman's rank order correlation, with Bonferroni correction, p-value < 0.025, n = 48, • 
significant correlations with the l" or 2"" no-go conditions errors made during the Go/No-
Go task 

Spearman 

-0.07 

-0.09 
-0.03 

-0.04 

• -0.30 

• -0.30 

* -0.33 

• -0.36 

• -0.47 
-0.19 

-0.25 

A3.4. 3 Go/No-Go task response time correlates with physiological parameters 

p-level 

0.545 
0.439 
0.800 
0.763 
0.009 
0.008 
0.003 
0.001 
0.000 
0./08 
0.032 
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Spearman's rank order correlation analysis was performed to determine whether response times 

during the various conditions of the Go/No-Go task were related to physiological parameters. 

Without Bonferroni correction (p < 0.05), for the response times during the 1st Go I 500 msec 

condition was correlated with: (l) F3 relative theta power positively, (2) F3 relative alpha power 

negatively, and (3) F3 theta/beta ratio positively. For the response times during the 1st no-go 

condition was correlated with: (1) P4 relative alpha power negatively and (2) P4 relative beta 

power positively. For the response times during the 1st go 3 500 msec condition were correlated 

with: (1) F3 relative beta power positively, (2) P3 relative beta power positively, and (3) P4 

relative beta power positively. For the number of errors made during the I st no-go condition was 

negatively correlated with P4 P300 amplitude. With Bonferroni correction (p < 0.0083) response 

times during the 1st Go I 500 msec condition were correlated with: (l) F3 relative theta power 

positively, and (2) F3 relative alpha power negatively. 
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A3.4.4 Dickman 's scale of impulsivity and correlates with additional personality questionnaires 

Spearrnan's correlation analysis was performed to determine whether Dickman's scale of 

impulsivity employed in the present study correlated with other measures of personality traits 

within the present 'healthy' cohort of participants. The Abbreviated Eysenck personality 

questionnaire subscale of extraversion correlated positively with reported impulsivity on both 

subscales of Dickman' s impulsivity questionnaire. 

Table A3.4.4 Dickman's scale of impulsivity, functional and dysfunctional impulsivity correlates with additional 
personality measures employed in the present study 

Dickman's scale of impulsivity 

Functional impulsivity Dysfunctional impulsivity 
Spearman p•level Spearman p•level 

Sensitivity to punishment and sensitivity to reward questionnaire (SPSRQ) 
Sensitivity to reward 0.23 0.113 0.24 0.100 

Sensitivity to punishment -0.03 0.841 003 0.848 

Abbreviated Eysenck personality questionnaire (EPQR-A) 
Extraversion • 0.36 0.012 • 
Lie Scale 0.25 0.085 

Psychoticism 

Neuroticism 

0.08 

0.02 

0.591 

0.873 

Cloningers tridimensional personality questionnaire subscales 
Novelty seeking 0.24 0. I05 
Harm avoidance -0.15 0.312 

0.35 

0.01 

-0.04 

0.06 

0.24 

-0.02 

0.017 
0.925 

0.805 
0.704 

0.102 

0.895 

Spearman's rank order correlation, p-value < 0.025, n = 48, * significant correlations with 
subscales of Dickman's scale of impulsivity 
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A3.5 Reported levels of anxiety and their physiological correlates during a sustained attention 

task 

A3.5.l Scales of anxiety and their physiological correlates during the continuous performance 

task 

Spearman's rank order correlation analysis was performed to determine whether the scales 

employed to measure anxiety were related. Significant correlations between all three scales of 

anxiety employed: (1) Kessler distress scale, (2) Spielberger' s trait anxiety present, and (3) 

Spielberger's trait anxiety absent (table A3.5.l, appendix Al0). 

Table A3.5.1 Relationship of anxiety scales with each other 

Spearman p-level 

Kessler distress scale & Spielberger's trait anxiety scale anxiety absent •0,63 0,0000 

Kessler distress scale & Spielberger's trait anxiety scale • anxiety present •o.68 0,0000 

Spielberger's trait anxiety scale • anxiety absent & Spielberger's trail anxiety scale • anxiety present *0,73 0.0000 

Spearman's rank order correlation with Bonferroni correction( p-value < 0.01667), n = 51, • significant correlations for 
scales of anxiety 

Spearman's rank order correlation analysis was performed to determine whether the scales of 

anxiety were related to physiological parameters measured during the continuous performance 

task. Without Bonferroni correction (p < 0.05) all three scales of anxiety were correlated with: 

(1) positively with P3 relative beta power positively, (2) negatively with P3 P300 latency, and 

(3) negatively with P4 P300 latency. In addition Spielberger's state trait anxiety absent subscale 

negatively correlated with the number of skin conductance responses. With Bonferroni 

correction (p < 0.01667): Spielberger's state trait anxiety absent subscale correlated: (1) 

negatively with the number of skin conductance responses, (2) positively with P3 relative beta 
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power, (3) negatively with P4 P300 latency. Additionally P3 P300 latency negatively correlated 

with the Kessler distress scale and Spielberger's trait anxiety present subscale (table A3.5.2, 

appendix AlO). 

Table A3.5.2 Physiological parameters measured and their correlates with scales of anxiety 

Kessler distress 
scale Spielberger's trait anxiety scale - Trait subscale 

mean SEM 
anxiety absent anxiety present 

Speannan p-level Speannan p-level Spearman p-level 

Response times 377.16 12.21 0.06 0.668 0.15 0.287 0.24 0.083 

Skin conductance responses 13.12 1.53 -0.20 0.154 .. -0.34 0.015 -0.15 0.291 

Skin conductance durations (ms) 3155 314 0.o3 0.857 0.25 0.077 0.06 0.701 

Heart rate variance low frequency 49.75 3.12 0.11 0.446 0.02 0.888 0.08 0.574 

Heart rate variance high frequency 31.36 2.88 -0.21 0.142 -0.19 0.171 -0.13 0.349 

Heart rate variance LF /HF 4.05 1.40 0.21 0.130 0.19 0.173 0.17 0.242 

Relative frequency power 
Frontal electrode F3 theta 43.76 1.90 -0.04 0.799 -0.11 0.456 o.oi 0.939 

Frontal electrode F3 alpha 31.99 1.04 -0.17 0.224 -0.01 0.934 -0.13 0.368 

Frontal electrode F 3 beta 24.25 1.25 0.13 0.379 0.1 I 0.443 0.05 0.714 

Frontal electrode F4 theta 43.23 1.97 0.09 0.532 -0.01 0.932 0.13 0.357 

Frontal electrode F4 alpha 31.53 1.14 -018 0.208 0.00 0.995 -008 0.585 

Frontal electrode F4 beta 25.24 1.58 0.03 0.819 0.08 0.591 -0.06 0.689 

Parietal electrode P3 theta 31.29 1.91 -0.01 0.951 0.12 0.419 0.08 0.556 

Parietal electrode P3 alpha 43.36 203 -0.15 0.301 -0.23 0.099 -0.21 0.141 

Parietal electrode P3 beta 25.35 1.20 • 0.32 0.024 •• 0.34 0.oIS • 0.30 0.035 

Parietal electrode P4 theta 3098 1.87 -0.03 0.855 0.04 0.765 0.04 0.777 

Parietal electrode P4 alpha 4303 1.94 -0.14 0.322 -0.04 0.754 -0.11 0.440 

Parietal electrode P4 beta 25.99 1.25 0.26 0.062 0.19 0.186 0.25 0.073 

Relative theta/beta ratio 
Frontal electrode F3 2.47 0.30 -0.IO 0.489 -0.11 0.434 -0.03 0.817 

Frontal electrode F4 2.38 0.28 -0.01 0.922 -0.10 0.490 0.05 0.712 

Parietal electrode P3 1.48 0.18 -0.19 0.175 -0.05 0.715 -O.o7 0.629 

Parietal electrode P4 1.45 0.18 -0.18 0.208 -0.06 0.663 -0.08 0.582 

Event-related Potential P3 component 
Parietal electrode P3 amplitude 7.26 0.52 0.17 0.236 0.22 0.116 0.12 0.389 

Parietal electrode P3 latency 297.92 8.19 .. -0.35 0.oll • -0.31 0.029 •• -0.34 0.QIS 

Parietal electrode P4 amplitude 7.15 0.50 0.10 0.470 0.16 0.277 0.04 0.772 

Parietal electrode P4 latency 307.22 I0.o7 • -0.28 0.045 •• -0.34 0.oI5 • -0.31 0.028 

Spearman's rank order correlations between scales of anxiety with physiological parameters measured during the continuous pe,formance 
task, n = 51, • significant correlates (p < 0.05) with scales of anxiety. with Bonferroni correction (p < 0.01667) ** significant correlations 
with scales of anxiety 

A3.5.2 Nicotine use and correlates with physiological parameters 
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Nicotine usage was ranked into three groups; participants who have never smoked as 0, 

participants who are social smokers as 5, and regular smokers as 10. Spearman's rank order 

correlation was performed to determine whether relationships are present between nicotine use 

and physiological parameters during the continuous performance task. Nicotine use was 

correlated negatively to P4 P300 latency during the continuous performance task (table A3.5.4, 

appendix A 10). 

Table A3.5.4 Nicotine use correlates with physiological parameters during the continuous performance task 
Nicotine use 

Spearman p-level 

Kessler distress scale 0.12 0.40 

Spielberger's trait anxiety scale - anxiety absent 0.11 0.44 

Spielberger's trait anxiety scale - anxiety present 0.22 0.13 

Response times 0.11 0.44 

Skin conductance responses -008 0.57 

Skin conductance durations (ms) -0.15 0.28 

Heart rate variance low frequency 0.14 0.33 

Heart rate variance high frequency -0.15 0.31 

Heart rate variance LF/HF 0.10 0.50 

Relative frequency power 

Frontal electrode F3 theta 0.19 0.19 

Frontal electrode F3 alpha -0.18 0.20 

Frontal electrode F3 beta -0.1 I 0.44 

Frontal electrode F4 theta 0.13 0.37 

Frontal electrode F4 alpha -0.05 0.71 

Frontal electrode F4 beta -0.14 0.34 

Parietal electrode P3 theta 0.04 0.79 

Parietal electrode P3 alpha -0.IO 0.50 

Parietal electrode P3 beta 0.16 0.27 

Parietal electrode P4 theta 0.03 0.82 

Parietal electrode P4 alpha -0.21 0.15 

Parietal electrode P4 beta · 0.24 0.09 

Relative theta/beta ratio 
Frontal electrode F3 0.13 0.35 

Frontal electtode F 4 0.15 OJI 
Parietal electrode P3 -009 0.54 

Parietal electrode P4 -0.15 0.29 

Event-related Potential P3 component 
Parietal electrode P3 amplitude 0.05 0.73 

Parietal electrode P3 latency -0.09 0.53 

Parietal electrode P4 amplitude 0.08 0.59 

Parietal electrode P4 latency • -0.30 0.04 

Spearman's rank order correlation. p-value < 0. 05, n = 51, • significant correlations with 
measures of nicotine use 
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3.5.3 Scales of anxiety and correlates with additional personality questionnaires 

Spearman's correlation analysis was performed to determine whether the scales of anxiety 

employed in the present study were correlated with additional personality measures within the 

'healthy' cohort of participants. Sensitivity to punishment and the abbreviated Eysenck's 

personality questionnaire subscale of neuroticism were positively correlated with all three of the 

anxiety scales employed in the present study. Additionally Spielberger's state trait anxiety absent 

subscale was positively correlated with Eysenck's personality questionnaire subscale of 

psychoticism (table A3.5.3, appendix AlO). 

Table A3.5.3 Scales of anxiety: the Kessler distress scale, Spielberger's state trait anxiety subscales with anxiety 
absent and anxiety present correlates with additional personality measures employed in the present study 

Kessler distress 
scale 

Spearman p-level 

STAI anxiety 
absent 

Spearman p•level 

Sensitivity to punishment and sensitivity to reward questionnaire (SPSRQ) 
Sensitivity to reward 0.17 0.244 0.20 0.170 

Sensitivity to punishment • 0.39 0.005 • 0.48 0.000 

Abbreviated Eysenck personality questionnaire (EPQR-A) 
Extraversion 0.06 0.680 -0.07 0.621 

Lie Scale -0 06 0.700 0.02 0.898 

Psychoticism 0.21 0.146 * 0.40 0.003 

Neuroticism * 0.65 0.000 * 0.55 0.000 

Cloningers tridimensional personality questionnaire subscales 
Novelty seeking 0.04 0.757 0.04 0.775 

Harm avoidance 0.06 0.678 0.15 0.286 

* 

• 

STAI anxiety 
present 

Spearman p-level 

0.28 

0.55 

O.IO 

O.o? 

0.27 

0.69 

0.01 
0.24 

0.049 

0.000 

0.464 

0.642 

0.054 

0.000 

0.947 

0.085 

Spearman's rank order correlation, p-value < 0. 05, n = 5 I, * significant correlations with scales of anxiety 
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A3.6 Different forms of childhood trauma physiological correlates during three attentional tasks 

Spearman's rank order correlation was performed to determine whether there are associations 

between the subscales of the childhood trauma questionnaire (short form) with physiological 

parameters measured during three attentional tasks, with Bonferroni correction (p < 0.01667, 

appendix A 11 ). Physical abuse was negatively correlated with F3 and F4 relative alpha power 

during the Go/No-Go task (table A3.6. 1, appendix A 11). 

Table A3.6. l Childhood trauma subscale of physical abuse correlates with physiological parameters measured 
during the three attentional tasks 

Continuous Cued target 
performance task Go/No-Go task detection task 

Physical abuse Spearman p-level Spearman p-level Spearman p-level 

Skin conductance response 0.15 0.305 0.11 0.487 0.05 0.728 

Skin conductance response duration (ms) -0.16 0.273 -0.15 0.329 0.05 0 733 

Heart Rate 0.08 0.605 -0.01 0.964 0.02 0.883 

Heart rate variance low frequency 0.14 0.351 -0.01 0.958 -0.05 0.719 

Heart rate variance high frequency -0.30 0.044 -0.07 0.642 -0.10 0.502 

Heart rate variance LF/HF 0.21 0.152 0.09 0.558 0.03 0.821 

Frontal electrode F3 relative theta power 0.27 0.070 0.30 0.044 0.31 0.034 

Frontal electrode F3 relative alpha power -0.25 0.0% • -0.44 0.002 -0.22 0.141 

Frontal electrode F3 relative beta power -0.1 I 0.463 -O.Q7 0.653 -0.14 0.358 

Frontal electrode F4 relative theta power 0.19 0.197 0.16 0.276 0.11 0.459 

Frontal electrode F4 relative alpha power -0.24 0.113 • -0.38 0.009 -0.17 0.269 

Frontal electrode F4 relative beta power -0 12 0.439 -0.02 0.900 0.00 0.979 

Parietal electrode P3 relative theta power 0.15 0.320 0.19 0.213 0.08 0.596 

Parietal electrode P3 relative alpha power -004 0.780 -0.14 0.369 -0.02 0.912 

Parietal electrode P3 relative beta power -0.04 0.785 003 0862 0.02 0.882 

Parietal electrode P4 relative theta power 0.26 0.076 0.31 0.037 0.20 0.177 

Parietal electrode P4 relative alpha power -0.25 0.093 -0.33 0.026 -0.22 0.149 

Parietal electrode P4 relative beta power 0.15 0.305 0.11 0.465 0.18 0.240 

Frontal electrode F3 relative theta/beta ratio 0.15 0.321 0.15 0.307 0.25 0.100 

Frontal electrode F4 relative theta/beta ratio 0.13 0.406 0.08 0.613 0.06 0.700 

Parietal electrode P3 relative theta/beta ratio 0.17 0267 0.11 0.464 0.05 0.722 

Parietal electrode P4 relative theta/beta ratio 0.10 0.523 0.09 0.532 0.02 0.877 

Spearman 's rank order correlation. with Bonferroni correction. p-value < 0.01667, n = 46, *significant correlation with physical 
abuse 
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For the childhood trauma subscale of physical neglect, F3 relative theta power and relative 

theta/beta ratio were positively correlated during the Go/No-Go task, P3 relative theta power was 

positively correlated and alpha power was negatively correlated during the Go/No-Go task (table 

A3.6.2, appendix All). 

Table A3.6.2 Childhood trauma subscale of physical neglect correlates with physiological parameters measured 
during the three attentional tasks 

Continuous Cued target 
performance task Go/No-Go task detection task 

Physical neglect Spearman p-level Spearman p-Jevel Spearman p-level 

Skin conductance response -0.21 0.170 -0.28 0.063 -0.33 0.027 

Skin conductance response duration (ms) 0.17 0.252 -0.08 0.601 -0.20 0.173 

Heart Rate -0.04 0.784 -0.13 0.379 -0.14 0.362 

Heart rate variance low frequency -0.32 0.032 -0.15 0.336 -0.09 0.569 

Heart rate variance high frequency 0.08 0.594 0.05 0.753 0.01 0.921 

Heart rate variance LF/HF -0.15 0.314 -0.12 0.430 -0.02 0.903 

Frontal electrode F3 relative theta power 0.31 0.038 • 0.37 0.011 0.21 0.163 

Frontal electrode F3 relative alpha power -0.25 0.090 -0.27 0.071 -0.09 0.558 

Frontal electrode F3 relative beta power -0.26 0.077 -0.32 0.032 -0.17 0.262 

Frontal electrode F4 relative theta power 0.23 0.123 0.32 0.028 0.13 0.396 

Frontal electrode F 4 relative alpha power -0.32 0.033 -0.34 0.020 -0.30 0.042 

Frontal electrode F4 relative beta power -0.12 0.430 -0.18 0.230 0.02 0.889 

Parietal electrode P3 relative theta power 0.24 0.101 • 0.41 0.004 0.27 0.072 

Parietal electrode P3 relative alpha power -0.31 0.033 • -0.38 0.009 -0.28 0.060 

Parietal electrode P3 relative beta power 0.11 0.462 0.13 0.389 0.15 0.329 

Parietal electrode P4 relative theta power 0.29 0.049 0.36 0.014 0.34 0.019 

Parietal electrode P4 relative alpha power -0.20 0.189 -0.27 0.067 -0.25 0.094 

Parietal electrode P4 relative beta power -0.05 0.742 0.01 0.939 -0.02 0.917 

Frontal electrode F3 relative theta/beta ratio 0.30 0.041 • 0.42 0.004 0.25 0.098 

Frontal electrode F4 relative theta/beta ratio 0.19 0.209 0.33 0.023 0.11 0.457 

Parietal electrode P3 relative theta/beta ratio 0.17 0.273 0.31 0.039 0.14 0.348 

Parietal electrode P4 relative theta/beta ratio 0.27 0.068 0.36 0.015 0.32 0.030 

Spearman's rank order correlation, with Bonferroni correction, p-va/ue < 0.0/667, n = 46, •significant correlation with physical 
neglect 
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For the childhood trauma subscale of emotional abuse, F4 relative alpha power was negatively 

correlated during all three of the attentional tasks. F3, P3 and P4 relative theta power was 

positively correlated and relative alpha power was negatively correlated during the Go/No-Go 

task. F3 relative theta power was positively correlated during the cued target detection task (table 

A3.6.3, appendix A 11). 

Table A3.6.3 Childhood trauma subscale of emotional abuse correlates with physiological parameters measured 
during the three attentional tasks 

Continuous Cued target 
performance task Go/No-Go task detection task 

Emotional abuse Spearman p-level Spearman p-level Speannan p-level 

Skin conductance response -0.05 0.754 -005 0.753 -0.07 0.641 

Skin conductance response duration (ms) -0.07 0.635 -0.20 0.194 -0.25 0.089 

Heart Rate 0.09 0.553 -0.01 0.951 -0.01 0.960 

Heart rate variance low frequency 0.04 0.772 0.17 0.269 -0.05 0.762 

Heart rate variance high frequency -0.33 0.027 -0.24 0113 -0.26 0.081 

Heart rate variance LF/HF 0.18 0.226 0.22 0138 0.15 0.319 

Frontal electrode F3 relative theta power 0.34 0.020 • 0.39 0.007 • 0.43 0.003 

Frontal electrode F3 relative alpha power -0.23 0.118 • -0.38 0.009 -0.29 0053 

Frontal electrode F3 relative beta power -0.29 0.047 -0.30 0.044 -0.35 0.017 

Frontal electrode F4 relative theta power 0.33 0.027 • 0.35 0.016 0.33 0.025 

Frontal electrode F4 relative alpha power • -0.42 0.004 • -0.56 0.000 • -0.42 0.004 

Frontal electrode F4 relative beta power -0.21 0.152 -0.09 0.531 -0.16 0.289 

Parietal electrode P3 relative theta power 0.29 0.052 • 0.39 0.008 0.17 0.260 

Parietal electrode P3 relative alpha power -0.26 0.081 • -0.37 0.011 -0.14 0.359 

Parietal electrode P3 relative beta power -0.05 0.751 0.09 0.567 0.09 0.545 

Parietal electrode P4 relative theta power 0.25 0.092 • 0.41 0.005 0.16 0.285 

Parietal electrode P4 relative alpha power -0.29 0.055 • -0.38 0.008 -0.22 0.140 

Parietal electrode P4 relative beta power 0.06 0.670 0.08 0.587 0.18 0.233 

Frontal electrode F3 relative theta/beta ratio 0.26 0078 0.33 0.025 0.35 0.017 

Frontal electrode F4 relative theta/beta ratio 0.23 0.122 0.17 0.273 0.19 0.211 

Parietal electrode P3 relative theta/beta ratio 0.21 0.153 017 0.255 -0.01 0.972 

Parietal electrode P4 relative theta/beta ratio 0.09 0.545 0.14 0.352 -0.05 0.723 

Spearman's rank order correlation, with Bonferroni correction. p-value < 0.01667, n 46, *significant correlation with emotional abuse 
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No correlates were found for the childhood trauma questionnaire subscale of emotional neglect 

with physiological parameters measured during the three attentional tasks (table A3.6.3, 

Appendix Al 1 ). 

Table A3.6.3 Childhood trauma subscale of emotional neglect correlates with physiological parameters measured 
during the three attentional tasks 

Continuous Cued target 
performance task Go/No-Go task detection task 

Emotional neglect Spearman p-level Spearman p-level Spearman p•level 

Skin conductance response -0.28 0.055 -0.35 0.016 -OJ I 0.034 

Skin conductance response duration (ms) om 0.634 0.00 0.998 -0.19 0.208 

Heart Rate 0.04 0.774 0.02 0.894 -0.05 0.759 

Heart rate variance low frequency 0.02 0.871 0.24 0.105 -006 0.709 

Heart rate variance high frequency -0.17 0.269 -0.22 0.143 -0.15 0.304 

Heart rate variance LF/HF 0.12 0.434 0.23 0.124 008 0.614 

Frontal electrode F3 relative theta power 0.02 0.905 0.14 0.362 0.14 0.341 

Frontal electrode F3 relative alpha power -0.08 0.575 -0.19 0.216 -0.23 0.125 

Frontal electrode F3 relative beta power 0.04 0.775 -0.o? 0.661 -0.09 0.568 

Frontal electrode F4 relative theta power 0.00 0.994 0.15 0.325 0.07 0.655 

Frontal electrode F4 relative alpha power -0.14 0.347 -0.35 O.o!8 -0.29 0.054 

Frontal electrode F4 relative beta power 0.14 0.357 0.14 0.369 0.09 0.532 

Parietal electrode P3 relative theta power 013 0375 0.33 0.024 0.12 0.425 

Parietal electrode P3 relative alpha power -0.23 0.119 -0.27 0.069 -0.16 0.286 

Parietal electrode P3 relative beta power 0.04 0.811 0.05 0.758 0.08 0.599 

Parietal electrode P4 relative theta power 0.27 0.o70 0.39 0.008 0.23 0.121 

Parietal electrode P4 relative alpha power -0.27 0.066 -0.29 0.049 -0.25 0.095 

Parietal electrode P4 relative beta power -0.06 0.715 O.oJ 0.966 -0.01 0.973 

Frontal electrode F3 relative theta/beta ratio -0 OJ 0.958 0.13 0385 0.12 0.416 

Frontal electrode F4 relative theta/beta ratio -0.05 0.753 0.02 0.880 0.01 0.956 

Parietal electrode P3 relative theta/beta ratio 0.06 0.695 0.26 0.086 0.03 0.847 

Parietal electrode P4 relative theta/beta ratio 0.22 0.146 0.32 0.031 0.17 0.255 

Spearman's rank order correlation, with Bonferroni correction, p-value < 0.01667, n 46, •significant correlation with emotional 
neglect 
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No correlates were found for the childhood trauma questionnaire subscale of sexual abuse with 

physiological parameters measured during the three attentional tasks (table A3.6.3, appendix 

Al 1). 

Table A3.6.3 Childhood trauma subscale of sexual abuse correlates with physiological parameters measured during 
the three attentional tasks 

Continuous Cued target 
performance Go/No-Go task detection task 

task 
Spear p-level Spearma p-level Spearma p•level 

Sexual abuse man n n 

Skin conductance response 0.08 0.618 -002 0906 -0.05 0.753 

Skin conductance response duration (ms) -0.IO 0.493 -009 0.553 -008 0.604 

Heart Rate 0.04 0.785 -0.03 0.844 -0.02 0.909 

Heart rate variance low frequency 0.01 0.966 -0.16 0.277 -0.22 0.150 

Heart rate variance high frequency -0.15 0.314 0.03 0.837 0.09 0.540 

Heart rate variance LF/HF 0.10 0.522 -0.13 0.373 -0.14 0.353 

Frontal electrode F3 relative theta power 0.07 0.644 0.06 0.689 0.13 0.381 

Frontal electrode F3 relative alpha power -0.17 0.272 -009 0.540 -0.21 0.164 

Frontal electrode F3 relative beta power 0.04 0.797 -0.05 0.720 0.02 0.884 

Frontal electrode F4 relative theta power O.IO 0.529 0.07 0.662 0.13 0.379 

Frontal electrode F4 relative alpha power -0.1 l 0.451 -0.07 0.659 -0.15 0.335 

Frontal electrode F4 relative beta power -003 0.859 -0.06 0.710 0.o4 0.807 

Parietal electrode P3 relative theta power 0.13 0.373 0.09 0.556 0.10 0.503 

Parietal electrode P3 relative alpha power -0.20 0.179 -0.15 0.323 -0.23 0.129 

Parietal electrode P3 relative beta power 0.08 0.600 0.13 0.391 0.22 0.151 

Parietal electrode P4 relative theta power 0.16 0.274 0.12 0.433 0.16 0.280 

Parietal electrode P4 relative alpha power -0.28 0.059 -0.25 0.090 -0.30 0.042 

Parietal electrode P4 relative beta power 0.08 0.607 0.09 0.554 0.19 0.216 

Frontal electrode F3 relative theta/beta ratio 001 0.961 0.04 0.774 0.09 0.543 

Frontal electrode F4 relative theta/beta ratio 0.05 0.743 0.09 0.552 0.09 0.559 

Parietal electrode P3 relative theta/beta ratio 0.05 0.743 0.02 0.907 -0.05 0.731 

Parietal electrode P4 relative theta/beta ratio 0.o3 0.856 0.ot 0.937 0.00 0.975 

Spearman's rank order correlation, with Bonferronl correction, p-value < 0.0/ 667, n = 46, *significant correlation with sexual 
abuse 
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A4. Discussion 

A4.1 Characterization of the present cohort and physiological resting state activities 

Male participants (6.27) reported higher levels of functional impulsivity on the Dickman's scale 

of impulsivity when compared with female participants (5.46). Dickman's scale of functional 

impulsivity was developed to measure levels of adventurousness, enthusiasm that led to positive 

outcomes for the individual (Dickman, 1990). No differences were found for reported levels of 

dysfunctional impulsivity, Dickman's scale of dysfunctional impulsivity was developed to 

measure levels of disorderliness and the inability to see hard facts leading to negative outcomes 

for the individual (Dickman, 1990). The present cohort's reported dysfunctional impulsivity of 

4.75 and functional impulsivity of 5.78 compared well with a study conducted within a British 

public cohort of mixed gender as they reported 5.61 for dysfunctional impulsivity and 5.18 for 

functional impulsivity (Brunas-Wagstaff et al., 1994). The present cohort comprised primarily 

individuals with an average of 6.32 years post matriculation education, as a result of our 

recruitment process. The present findings suggest that the present cohort may have been more 

adventurous, enthusiastic and these forms of impulsivity led to positive outcomes for the 

individuals. In addition the present cohort showed lower levels of disorderliness and were able to 

see hard facts that would prevent negative outcomes during behaviour. These traits would 

support the achievements required during post matriculation education. We suggest the gender 

differences found within the present cohort were related to gender roles. 
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The Female participants ( 11.34) within the present study reported higher levels of sensitivity to 

punishment on the sensitivity to punishment and sensitivity to reward questionnaire when 

compared with male participants (8.76). The sensitivity to punishment scale was developed to 

assess the behavioural inhibition system (Gray, 1982, 1987; Gray and McNaughton, 2000), 

activation of this system leads individuals to respond within fearful and novel environments with 

passive avoidance behaviours (Torrubia et al., 200 l ). A previous study conducted at an Italian 

university, using a university population found no gender (female= 11.98, male= 11.65) 

differences within the sensitivity to punishment subscale (Torrubia et al., 2001). The results 

suggest that the male participants in the present cohort did not activate their behavioural 

inhibition systems when exposed to fearful or novel environments, and showed reduced 

passivity. We did not find gender differences within the sensitivity to reward subscale (Torrubia 

et al., 2001). The sensitivity to reward scale was developed to assess the behavioural activation 

system, activation of this system leads individuals to respond actively and occurs during 

situations that are non-threatening and hold reward for the individual (Gray, 1982, I 987; Gray 

and McNaughton, 2000). No differences were found for gender for any of the subscales of the 

abbreviated Eysenck personality questionnaire. Previous studies have shown that female 

participants scored higher on the neuroticism scale than male participants (Forrest et al., 2000), a 

measure of expressed anxiety and emotional over-responsiveness (Barrett et al., 1998). In 

addition male participants had a tendency to score higher on the psychoticism scale (Forrest et 

al., 2000; Shelvin et al., 2002), a measure associated with anti-social behaviours such as risk 

taking, sensation seeking, alcohol and drug use (Barrett et al., 1998). No differences were found 

for gender with the Kessler distress scale. The Kessler distress scale was developed in Australia 
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Descnpt1ve statistics 

I 

Breakdown Table of Descriptive Statistics (data gender pill) 
N=81 (No missing data in dep. var. list) 

Gender Takin Cortisol prior to 
g cognitive testing 

Contr Means 
acept 

ive 
female NO 0.235315 

,, 

I 

Cortisol prior to 
cognitive testing 

N 
I 

31 

Cortisol prior to 
cognitive testing 

Std.Dev. 

Cortisol post 
cognitive testing 

Means 

0.244619 

Cortisol post 
cognitive testing 

Std.Dev. 

0.466354 --
D.2135027 

-- - - 0. ~ 6_813 - --
female YES 
male NO -- 0.17084L.l _ -
male YES 
A ll Groups 0.204471 I 

Pair of Variables 

17 I 

33 ----
0 

81 I 

0.143804 0.182176 0.107676 
0.146322 0.201766 0.169461 - 1 --
0.269444 0.214055 I 0.309844 

Wilcoxon Matched Pairs Test (data gender pill) 
Marked tests are significant at p <.05000 

Va~d I T I Z p-level 

Cortisol prior to cognitive testing & Cortisol post cognitive testing 81 l 1446.000 I 1.009926 0.312531 

Depend .: 
Cortisol orior to coonitive testinq 
female 
male 

Kruskal-Wallis ANOVA by Ranks; Cortisol prior to cognitive testing (data gender pill ) 
Independent (grouping) variable: Gender 
Kruskal-Wallis test H ( 1, N= 81) =1 .200665 p =.2732 
Code Valid Sum of 

N Ranks 
102 48 2082.000 
103 33 1239.000 
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Descriptive Statistics (Spreadsheet132) 

ValidN 
i Mean td.Dev. I Standar 

Variable Error 
Restir}_Q eves open - number of responses 84 3.786 5.253 0.573t -
RestinQ eves open - duration of response -- 84 .]_021 .781 2622 .184 I 286. 1037_ 

~ - -

RestinQ eyes closed - number of responses 84 2.655 3.399 j_ 0.3709 -
Resting eves closed - duration of response 84 31 89.968 2601 .862 ~83.8865_ 
Continuous oerformance task - number of responses 84 14.512 ~ 4.387 1.5697 
Continuous performance task - duration of response 84 2634.247 2013.792 219.7227 
Go/No-Go task - number of resoonses 84 21 .619 23.986 2.6171 - - -
Go/No-Go task - duration of resoonses 84 3305.036 1827.832 199.4328 
Cued tarqet detection task - number of responses 84 1 7.381 10.290 1.1227 
Cued taroet detection - duration of response 84 3468.561 3550.315 I 387.3711 
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Pair of Variables 
Restin 
Restin 

e es o en - duration of res onse & Continuous erformance task - duration of res onse 
Restin en - duration of re se & Go/No-Go task - duration of res 
Restin en - duration of re se & Cued ta tion - duratio se 
. Resting eyes closed - duration of r nse & Restin en - duration of r 
Resting eyes closed - duration of response & Restir:! e es closed - duration of res onse 

Wilcoxon Matched Pairs Test (Spreaclsheet132 
Marked tests are significant at p <,05000 

Va~d T Z I p-level 

84 459.000 ' 4.247719 0.QQQ.Q22 
84 750.000 3.164995 0.001551 
84 451.000 5.143262 0.000000 
84 431 000 4.6426~ 1 0.000003 
84 459.000 4.247719 0.000022 - - --

Restin e es closed - duration of res onse & Continuous erformance task - duration of res onse 84 758.000 2._97_951§ I 0.002887 

r .874129 
0.859996 
0.001551 
0.002887 

Restin e es closed - duration of res onse & Go/No-Go task - duration of res onses 84 J...395.000 0.158417 
Resting eyes closed - duration of res ratio 84 1178.000 0.176379 -
Continuous erformance task - durat en - durati e 84 5 750.000 3.16499 - ---~-----------~----~~-~------~---+--
Continuous erformance task - duration of r sed - duration of 5 758.000 2.97951 
Continuous erformance task - duration of r ormance task - duration of r 
Continuous erformance task - duration of r - duration of re 

Cued tar et detection - duration of res onse & Continuous erformance task - duration of res onsE 
Cued tar et detection - duration of res onse & Go/No-Go task - duration of res onses 

Bonferroni correction 0.05/5, significant p-values p < 0.01 

Heart rate 

Data 
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84 491 .000 
727.000 
451 .000 

1395.000 
49 1.000 

84 1393.000 
84 431 .000 
84 1178.000 
84 727.000 
84 1393.000 -- - -

5.03238 
3.42772 -
5.14326 

7 0.000000 
6 0.000609 -- --
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