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Abstract 

Footshock is a strong aversive environmental stimulus often 

used as the unconditioned stimulus (UCS) in Pavlovian fear 

conditioning experiments. In the present study, the 

relationship between VTA dopamine (DA) neurons, y

Aminobutyric acidA (GABAA) and benzodiazepine receptors in 

governing the fear-arousing properties of footshock was 

evaluated. Using the shock sensitisation of acoustic 

startle amplitudes as a behavioral indicator of fear, the 

present study demonstrates that intraVTA infusion of the 

somatodendri tic D2 receptor agonist quinpirole ( 0. 7 5, 1. 5 

and 3.0 µg) dose dependently blocked fear arousal, 

presumably due to inhibition of DA neural activity. 

Similarly, intraVTA infusion of the GABAA receptor agonist 

muscimol (0.5 and 1.0 µg) and the full benzodiazepine 

receptor agonist flurazepam (60.0 and 120.0 µg) suppressed 

footshock-induced emotional responding. None of the drugs 

infused directly into the VTA depressed baseline acoustic 

startle amplitudes or diminished the perceived aversive 

effects of footshock as measured by shock reactivity. The 

present results further refine the known neural dynamics of 

the fear motivational properties of VTA DA neurons. 

hypothesised that the VTA, through its connections to 

It was 



forebrain regions implicated in emotionality, may be an 

important site for the action of benzodiazepine 

anxiolytics. 
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1. Introduction 

Fear and anxiety are emotional responses necessary to 

our continued survival (R. J. Blanchard, Yudko, Rodgers, 

and D. C. Blanchard, 1993, Davis,1997) and they serve to 

heighten our sensory systems preparing us to cope with 

external threat to our general well-being. The importance 

of fear and anxiety in our behavioral response to 

threatening environmental stimuli has led to an explosion 

of research interest in the biological components of the 

emotional brain. As a result a great number of books, 

review papers, and research articles concerned with the 

behavioral and physiological correlates of fearfulness in 

animals have been published in recent years (e.g., 

Aggleton, 1992, Armony, Servan-Schreiber, Cohen, and 

LeDoux, 1995, Blanchard et al., 1993, Davis, 1986, Davis 

and Lee, 1998, Fendt and Fanselow, 1999, Graeff, 1994, 

LeDoux, 1993, 1998, LeDoux and Muller, 1997, Maren and 

Fanselow, 1996) 

3 

Although fear and anxiety both result in similar 

changes within the organism, fear is usually expressed in 

response to a specific environmental stimulus. Conversely, 

anxiety can be expressed in the absence of a specific fear

arousing stimulus. Fear has been described as an adaptive 
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species typical emotional response to aversive 

environmental stimuli {Blanchard et al., 1993) and, like 

anxiety, it is characterised by several observable 

autonomic, neurochemical, physiological, and behavioral 

changes. Most organisms, including humans, exhibit 

hypervigilance (D. C. Blanchard and R. J. Blanchard, 1972), 

defensive freezing (Bolles and Collier, 1976), increased 

heart rate (LeDoux, Sakaguchi, and Reis, 1984), and 

augmented acoustic startle responding (Brown, Kalish, and 

Farber, 1951, Davis, 1992). The physiological arousal 

associated with fear-evoking stimuli is accompanied by 

elevated levels of plasma corticosteroids (Van de Kar, 

Piechowski, Rittenhouse, and Gray, 1991) resulting from 

hypothalamic release of corticotropin releasing hormone 

{CRH), and it is noteworthy that these stimuli elevate a 

number of neurotransmitters and neuropeptides, including DA 

(Kalivas, 1993). 

Exaggerated levels of fear and anxiety are a 

prominent feature in many psychiatric disorders including 

psychomotor stimulant-induced paranoid psychosis 

(Kokkinidis and Anisman, 1980, Segal and Janowsky, 1978, 

Snyder, 1973), temporal lobe epilepsy (Gloor, 1992, Roth 

and Harper, 1962), schizophrenia (Flack, Laird, and 

Cavallaro, 1999, Mandal, Pandey, and Prasad, 1998), 



posttraurnatic stress disorder (Blanchard, Kolb, and Prins, 

1991, Yehuda, 2000), and generalised anxiety disorder 
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(Sullivan, Coplan, Kent, and Gorman, 1999). In addition to 

the heuristic value in understanding the importance of the 

emotional brain in regulating behavior, the evolution of 

human psychopathology involving fear and anxiety disorders 

has provided further impetus to examine the neurobiology of 

aversive emotionality. Converging scientific research has 

demonstrated that the amygdala plays a key role within the 

complex neurocircuitry underlying fear motivation by 

mediating the various behavioral correlates and 

neurochemical events associated with conditioned fear (for 

review see Davis, 1992, 1997, Fendt and Fanselow, 1999, 

LeDoux 1992, 2000). 

Much of the research literature involving fear and 

anxiety has utilised animal models. This has allowed an 

indepth investigation of the various behavioral and 

neurochernical correlates of fear. Thus, it has been 

possible to manipulate environmental stressors, lesion 

brain areas thought to contribute to the stress response, 

and to assess drugs that both enhance and alleviate the 

behavioral and physiological expressions of fear and 

anxiety. In order to present a cohesive representation of 

past work, and given its importance in the fear and anxiety 



literature, relevant work involving the amygdala is 

considered in some detail. Pertinent research involving 

the VTA, which is the focus of the present work, is then 

examined followed by a discussion of the role of 

benzodiazepines in alleviating the symptoms of fear and 

anxiety. Finally the experimental work undertaken as part 

of this thesis is presented and discussed. 
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2. The Role of the Amygdala in Fear 

2.1 Historical Background 

7 

Over sixty years ago Kluver and Bucy (1939) reported 

that laboratory monkeys with bilateral anterior temporal 

lobectomy no longer exhibited emotional responses to 

previously feared stimuli including snakes and threat 

stares from humans. These animals typically displayed a 

cluster of behavioral symptoms including inappropriate 

sexual orientation, increased sexual behavior, tameness, 

oral examination of objects, visual agnosia, and changes in 

food preference. These behaviors cannot be attributed to 

living in a controlled laboratory setting as later 

researchers found similar behavioral problems following 

amygdalectomy of monkeys living in the wild (Dicks, Meyers, 

and Kling, 1969). Their general lack of fear and inability 

to respond appropriately to threatening gestures caused 

these animals to be attacked and driven off by others in 

their troop (Kling, Lancaster, and Benitone, 1970). 

Not surprisingly, the most prominent behavioral 

effect following amygdaloid damage due to lesioning or 

disease in humans is a blunting of emotional affect 

(Adolphs, Tranel, H. Damasio, and A. Damasio, 1994, Terzian 
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and Dalle Ore, 1953). Also, bilateral arnygdala damage may 

lead to impairment in recognising fearful expression in 

others. Thus, for example, Adolphs, et al. (1994) reported 

a case study involving a woman with bilateral damage 

restricted to the amygdala resulting from Urbach-Wiethe 

disease. They found she was unable to recognise facial 

expressions of fear and could not draw a fearful face from 

memory. Despite this impairment, the woman's ability to 

recognise familiar faces was intact. Similar impairments 

were found in a patient who received bilateral amygdalotomy 

to reduce seizures (Young, Hellawell, Van De Wal, and 

Johnson, 1995). Another patient who received bilateral 

amygdala lesions in an effort to control epileptic seizures 

also showed deficits in recognising fear and anger. 

However this woman was impaired using both visual and 

auditory clues, although her hearing and facial recognition 

skills were intact (Scott, et al., 1997). 

It is now well accepted that the amygdala and 

temporal lobes are involved in epilepsy, and fear is 

commonly experienced before (Gloor, 1992) and during 

(Hermann and Chabria, 1980) a seizure. Although the 

amygdala is involved in temporal lobe epilepsy the 

activation usually spreads throughout the brain. However, 

regardless of where a seizure develops, or spreads to, 
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Gloor (1972) notes fear may not occur until the activation 

spreads to the amygdala. The temporal lobes are still a 

site for psychosurgery in an attempt to reduce seizures 

(Young, et al., 1995), although this is not as common as it 

once was. The surgical procedure itself led to the 

discovery that the automatism observed in some epileptics 

could be reproduced by stimulating the amygdaloid region 

(Feindel and Penfield, 1954). More recently, electrical 

stimulation of the amygdala has been shown to produce 

fearful thoughts and paranoid ideation in humans (Gloor, 

1992) and this has led to the hypothesis that the 

neuroanatomical connectivity within the amygdala and other 

brain structures may contribute to fearful behavior. 
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2.2 The Amygdala: Anatomy and CoIU1ectivity 

The amygdala is a richly interconnected group of 

nuclei located within the temporal lobes {Amaral, Price, 

Pitkanen, and Carmichael, 1992). Of the five major 

subdivisions identified within the amygdala, two have been 

extensively studied. These include the basolateral 

amygdaloid nuclei (BLA), and the central amygdaloid nuclei 

(Ce). The BLA receives sensory information from various 

subcortical nuclei (LeDoux, Cicchetti, Xagoraris, and 

Romanski, 1990) and projects directly to the Ce (Aggleton, 

1985, Krettek and Price, 1978). The Ce, in turn, projects 

to the brainstem startle pathway (Rosen, Hitchcock, 

Sananes, Miserendino, and Davis, 1991) and a collection of 

hindbrain nuclei (Kapp, Whalen, Supple, and Pascoe, 1992). 

The amygdala's widespread connections to both cortical 

areas and lower brain regions are thought to allow it to 

modulate the various autonomic responses and behavioral 

correlates typically associated with fear (Davis, 1992, 

1997, LeDoux, 1992). For example, the BLA and Ce both send 

projections to the lateral hypothalamus an area known to be 

involved in neuroendocrine release (LeDoux, Iwata, 

Cicchetti, and Reis, 1988), the amygdala also projects to 

brain stem nuclei controlling blood-pressure and heart-rate 
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(Jarrell, et al., 1986, Schwaber, Kapp, Higgins, and Rapp, 

1982), as well as areas controlling facial expression and 

eyeblink responses (Whalen and Kapp, 1991). It is 

noteworthy that electrical or chemical stimulation of the 

Ce causes pupil dilation, piloerection (Price and Amaral, 

1981), bradycardia (Applegate, Kapp, Underwood, and McNall, 

1983, Kapp, Supple, and Whalen, 1994), increases in 

arterial pressure (Iwata, Chida, and LeDoux, 1987), 

increased defecation and urination (Davis, 1992), and 

increases in acoustic startle responding (Rosen and Davis, 

1988a). The Ce also projects to the periaqueductal gray 

(PAG), an area shown to be involved in defensive freezing 

in animals (LeDoux, et al., 1988), and to the parabrachial 

nucleus an area controlling respiration rate (Takeuchi, 

McLean, and Hopkins, 1982). Importantly, the Ce also 

projects to the nucleus reticularis pontis caudalis (RPC), 

via the ventral amygdalofugal pathway (VAF) (Rosen, 

Hitchcock, Sananes, Miserendino, and Davis, 1991). The RPC 

is a critical nucleus that mediates the acoustic startle 

reflex. Lesions to the VAF block the shock sensitisation 

of acoustic startle (Hitchcock, Sananes, and Davis, 1989) 

and fear potentiated startle (FPS) (Hitchcock and Davis, 

1991). Thus, the amygdala is centrally located within a 

neurobiological system that not only processes fearful 



stimuli but also controls the motor responses associated 

with fear {Quirk, Repa, and LeDoux, 1995). 

12 
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2.3 The Amygdala: Animal Experiments 

The amygdala is a central element in the complex 

neurocircuitry mediating the acquisition and expression of 

learned emotional responding (for review see Davis, 1992, 

1997, Fendt and Fanselow, 1999, LeDoux, 1992, 2000). For 

example, lesions of the amygdala either before or after 

fear conditioning block FPS (Hitchcock and Davis, 1986), 

the shock sensitisation of acoustic startle (Hitchcock, et 

al., 1989), and defensive freezing (Roozendaal, Koolhaas, 

and Bohus, 1991). In addition, reversible inactivation of 

the amygdala following lidocaine infusion reduced the 

expression of contextual freezing after footshock 

administration (Helmstetter, 1992). Similarly, pre- or 

post-training infusion of muscimol into the amygdala 

impaired the acquisition and expression of defensive 

freezing behavior in rats exposed to an explicit 

conditioned stimulus (CS) presented in a novel context, and 

to the original training context (Muller, Corodimas, 

Friedel, and LeDoux, 1997). Finally, electrolytic lesions 

of the amygdala made either 6 or 30 days after training 

blocked FPS indicating that the amygdala is not only 

initially activated by fear producing stimuli, but also 



remains important to the expression of conditioned fear 

over time (Kim and Davis, 1993a). 

Electrical stimulation of the amygdala in laboratory 

animals produces responses typically associated with a 

central state of fear. These include increased acoustic 

startle (Rosen and Davis, 1988a), bradycardia (Kapp, et 

al., 1982), fear-related ultrasonic vocalisation and 

corticosterone release (Goldstein, Rasmusson, Bunney, and 

Roth, 1996, Dunn and Whitener, 1986), and elevated heart 

rate (Kapp, Gallagher, Underwood, McNall, and Whitehorn, 
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1982) Similarly, electrical kindling of the amygdala had 

an anxiogenic effect on the behavior of rats in an open

field and an elevated plus-maze (Nieminen, et al., 1992). 

Experimental research demonstrates specific roles for 

the BLA in fear learning and the Ce in conditioned fear 

expression. For example, infusion of the N-methyl-D-

aspartate (NMDA) receptor antagonist APS into the BLA 

blocks the acquisition but not the expression of FPS 

(Campeau, Miserendino, and Davis, 1992). Furthermore, the 

shock sensitisation of acoustic startle has been blocked by 

BLA lesions (Sananes and Davis, 1992) and by intraBLA 

infusion of the DA D2 receptor antagonist raclopride 

(Greba, Gifkins, and Kokkinidis, 2000). 



Whilst the Ce does not appear to be as involved in 

the acquisition of conditioned fear (Fanselow and Kim, 

1994) its role in fear expression is well documented. 

Thus, axon sparing excitotoxin lesions of the Ce (Campeau 

and Davis, 1995), as well as electrolytic lesions, block 

the expression of conditioned fear in the FPS paradigm 

(Falls and Davis, 1995, Hitchcock and Davis, 1986, 1987). 

15 

Additionally, extensive training does not attenuate the FPS 

deficit observed after post training electrolytic lesions 

of the Ce, although Kim and Davis (1993b) found rats 

extensively trained before lesioning could reacquire 

conditioned fear. 

Consistent with these results from the FPS 

literature, electrolytic lesions to the Ce result in 

increased defensive burying in the shock probe avoidance 

task, and were reported to block defensive freezing to the 

experimental context (Roozendaal, Koolhaas, and Bohus, 

1991). Similarly, electrolytic lesions to the rostral 

portion of the Ce significantly reduced passive avoidance, 

however fibre sparing ibotenate lesions to the same area 

only produced a mild deficit (Coover, Murison, and 

Jellestad, 1992). Based on these results Coover et al. 

(1992) suggested fibres passing through this area may be 

more important than the Ce itself. However, this result 
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may have arisen as their lesions failed to destroy the 

entire nucleus. Finally, it is noteworthy that the Ce can 

also attenuate the behavioral effects of lesions to areas 

known to be involved in the inhibition of fear responding. 

For example, the increase in FPS observed after septal 

lesions can be blocked by concomitant Ce lesion (Melia, 

Sananes, and Davis, 1991). 

In summary, experimental evidence has highlighted the 

key functional role played by the amygdala within the 

complex neurocircuitry thought to be involved in aversive 

emotionality. It should be noted that while other limbic 

structures have fear motivational functions, the amygdala 

appears to be essential to the formation and expression of 

Pavlovian conditioned fear responses. The next section 

discusses an area well connected to the amygdala, namely 

the VTA, and its role within the amygdala-based fear 

system. 



The Role of the VTA in Fear 

3.1 Anatomy and Connectivity 
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The VTA is part of the mesocorticolirnbic system and 

is located on the floor of the mesencephalon (Dalstrom and 

Fuxe, 1964). It lies close to the midline and two main 

nuclei have been identified, the nucleus parabrachialis 

pigmentosus located dorsally, and a more ventral segment 

labeled the nucleus paranigralis (Oades and Halliday, 

1987). The VTA is also referred to as the Al0 region of 

the mesencephalon (Dalstrom and Fuxe, 1964). Most of the 

VTA's input arrives via the medial forebrain bundle (MFB), 

which divides at the mamillary body and sends projections 

to the PAG and VTA (Swanson, 1982}. Domesick (1988) 

summarised the areas projecting to the VTA and these 

include the medial prefrontal cortex, amygdala, bed nucleus 

of the stria terminalis (BNST), raphe nuclei, lateral 

preoptic area, nucleus of the diagonal band, septum, 

ventral pallidum, olfactory tubercle, nucleus accurnbens, 

orbitofrontal cortex and the hypothalamus, to mention a few 

(Phillipson, 1979, Simon, Le Moal, and Calas, 1979, 

Swanson, 1982). In turn, DA neurons in the VTA have 

reciprocal connections with most of the forebrain 

structures they innervate including the amygdala (Oades and 
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Halliday, 1987, Swanson, 1982). BLA and Ce afferents 

originate from DA neurons in the VTA (Otterson and Ben-Ari, 

1978, Swanson, 1982), and recent experimental research has 

established the importance of the VTA in the expression of 

conditioned fear (Borowski and Kokkinidis, 1996, Munro and 

Kokkinidis, 1997) 
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3.2 VTA: Functional Considerations 

Historically there has been controversy regarding the 

VTA's existence separate to that of the substantia nigra 

(SN), an area lateral to the VTA. Past researchers have 

noted the lack of clear boundaries between these two areas, 

citing both cytoarchitecture and similarities in the areas 

they innervate (for a review see Oades and Halliday, 1987). 

However, functional considerations support the separation 

of these areas and it is possible to dissociate between the 

VTA and SN following lesion or pharmacological 

manipulation. For example, VTA lesions result in 

hypoemotivity and decreased fear responses (Le Moal, Cardo, 

and Stinus, 1969) and SN lesions do not (Galey, Simon, and 

Le Moal, 1977). Pharmacologically, bicuculline increased 

fear arousal when infused into the VTA but produced only 

motor effects following SN infusion (Stevens, Wilson, and 

Foote, 1974). The effect of bicuculline administration 

into the VTA was blocked by either prior systemic injection 

of the DA receptor antagonist haloperidol, or 6-

hydroxydopamine (6-OHDA) lesions of the VTA (Stevens, et 

al., 1974). 

Of the cells which constitute the VTA, estimated to 

be 27,000 in the rat, almost seventy percent are DAergic 
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(Swanson, 1982). Furthermore, the VTA is similar across 

species from rats to humans and the number of DA cells 

contained within it increases as species progress up the 

phylogenetic scale (for review see Oades and Halliday, 

1987). The other cells found in the VTA are not well 

defined, however, it is known that a portion are GABAergic 

and the importance of their interaction with DA cells has 

been established (Kalivas, Duffy, and Eberhardt, 1990, 

Scheel-Kruger, 1986, Stevens, et al., 1974, Waszczak and 

Walters, 1980). 

The VTA is a major source of DAergic input to the 

amygdala (Oades and Halliday, 1987, Simon, et al., 1979, 

Swanson, 1982). Exposure to mild stress and conditioned 

fear cues selectively enhance DA metabolism in the VTA and 

the amygdala (Coco, Kuhn, Ely, and Kilts, 1992, Deutch et 

al., 1991, Deutch, Tam, and Roth, 1985). As such, it is 

possible that VTA DAergic transmission plays a prominent 

role in activating the mesocorticolimbic fear system. 

Consistent with this suggestion, recent research has 

demonstrated that like the amygdala, VTA DA neurons mediate 

conditioned fear responding (Borowski and Kokkinidis, 1996, 

Guarraci and Kapp, 1999, Munro and Kokkinidis, 1997). 

Experimental manipulations of the VTA and the amygdala 

produce complementary effects on fear motivation. For 



example, electrical stimulation of either the VTA or 

amygdala increases acoustic startle responding in rats 

(Borowski and Kokkinidis, 1996, Rosen and Davis, 1988a) 
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Further evidence for a role of the VTA in fear and 

anxiety comes from several sources. Unilaterally lesioning 

the VTA blocks the rage and attack behavior observed in 

animals following stimulation of the hypothalamus, further 

highlighting the importance of the VTA in mediating 

emotional responding (Proshansky, Bandler, and Flynn, 

1974}. In addition, electrical stimulation of the VTA, 

like the amygdala, produces fear-like behaviors in cats and 

this behavior was blocked by 6-0HDA lesions made prior to 

electrical stimulation (Stevens and Livermore, 1978}. 

Finally c-fos expression in the VTA is increased in 

response to conditioned fear stimuli and anxiogenic drugs 

(Beck and Fibiger, 1995, Deutch, et al., 1985, Deutch, et 

al, 1991) and this effect is attenuated by systemic 

administration of benzodiazepines (Beck and Fibiger, 1995, 

Deutch, et al., 1991). 

It has been suggested that DA neurotransmission 

within the amygdala-based fear system may be linked to the 

pathology observed in psychiatric disorders (Kalivas, 1993, 

Oades and Halliday, 1987). Cocaine and amphetamine enhance 

DA activity and the chronic abuse of these drugs increase 
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fear responding and paranoid ideation in humans (Anthony, 

Tein, and Petronis, 1989, Aronson and Craig, 1986, Bell, 

1973, Griffith, Cavanaugh, Held, and Oates, 1970, Sherer, 

1988). Furthermore, cocaine and amphetamine administration 

exacerbate the positive symptoms associated with 

schizophrenia (Angrist, Rostrosen, and Gershon, 1980). 

Research has shown that cocaine and DA D1 agonists produce 

excitatory effects in laboratory rats exposed to previously 

conditioned fear stimuli (Borowski and Kokkinidis, 1994, 

Willick and Kokkinidis, 1995). Conversely, DA receptor 

antagonists, known to reduce the positive symptoms and 

behaviors associated with schizophrenia and cocaine-induced 

paranoid psychosis and fear (Akiyama, Kanzaki, Tsuchida, & 

Ujike, 1994, Gawin, 1986), block conditioned fear 

responding in laboratory rats (Greba, & Kokkinidis, 2000). 

Recent research has identified a functional 

electrophysiological relationship between the VTA and the 

amygdala. More specifically, electrical stimulation of the 

VTA enhanced amygdaloid kindling (Gelowitz and Kokkinidis, 

1999). Also, it is noteworthy that electrical stimulation 

of the amygdala was reported to change the firing rate of 

VTA DA neurons (Maeda and Mogensen, 1981). Taken together 

with the behavioral research, these electrophysiological 

experiments indicate that projections between the VTA and 



the amygdala may constitute an important neurobiological 

substrate involved in aversive emotionality (Borowski and 
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Kokkinidis, 1996, Munro and Kokkinidis, 1997). Indeed, the 

VTA mesocorticolimbic DA system is receiving more 

experimental attention as a possible major contributor to 

conditioned fear responding (Nader and LeDoux, 1999). 
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3.3 VTA Neural Modulation. 

VTA DA neurons fire spontaneously displaying a 

characteristic pacemaker-like activity and this appears to 

be regulated intrinsically by the DA cell. DA cells also 

display single spike and burst firing and this is thought 

to occur in response to synaptic input from excitatory 

amino acid efferents into the VTA (Grace and Bunney, 1984). 

DA D1 and DA D2 receptors have received a great deal 

of experimental attention. These receptor subtypes were 

first identified based upon their actions on adenylate 

cyclase. DA agonists binding to D1 receptors stimulate 

adenylate cyclase activity (Stoof and Kebabian 1984), 

whereas D2 receptor agonists inhibit it (Onali, Olianas, 

and Gessa, 1985). In the VTA D1 and D2 receptors are both 

capable of modulating DA cell activity. For example, DA 

released by the DA neuron binds to the D2 autoreceptor 

activating a G-protein which increases potassium 

conductance. The D2 autoreceptor then acts directly on the 

DA cell to inhibit its excitability, thus decreasing DA 

release. DA D2 receptors have a significant effect on DA 

levels by hyperpolarising the DA cell making DA release 

less likely and by reducing DA synthesis. DA agonists 
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reduce the firing rate of DA neurons (White and Wang, 

1984), and in vitro studies have shown that quinpirole 

stimulates D2 autoreceptors, thus inhibiting VTA DA neurons 

(Bernardini, Gu, and German, 1991). 

In contrast to the direct inhibitory action of DA D2 

autoreceptors on DA cells, D1 receptors inhibit DA 

indirectly via y-Aminobutyrate acid (GABA) neuronal action. 

DA binds to D1 receptors localised on GABA cells and 

stimulates the release of GABA. This, in turn, tonically 

inhibits DA cells {Westerink, Enrico, Feimann, and De 

Vries, 1998). Both the shell of the nucleus accumbens 

(Walaas and Fonnum, 1980) and the rostral ventromedial 

ventral pallidum {Kalivas, Churchill, and Klitenick, 1993, 

Yim and Mogenson1 1980) send GABAergic efferents to the VTA 

which synapse on DA and non-DA cells (Kalivas, 1993). 

GABA, is one of the maJor inhibitory 

neurotransmitters in the central nervous system. It binds 

to at least two distinct receptor subtypes, GABAA and 

GABAB, and both of these are found in the VTA (Bayer and 

Pickel, 1991). Previous work indicated GABAA receptors 

within the VTA were only located on non-DA cells 

(Churchill, Dilts, and Kalivas, 1992). However, more 

recently Xi and Stein (1998) found evidence supporting the 

location of GABAA receptors on VTA DA neurons. It is 



unclear at present where GABAB receptors are located 

(Kalivas, 1993), but regardless of receptor location it 

appears both GABAA and GABAB agonists inhibit DA release 

(Westerink, et al., 1998). GABAA receptors form part of a 

supra-molecular complex which includes binding sites for 

both GABA and benzodiazepines, among other compounds 

(Olsen, 1981) . 
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4. Benzodiazepines and the mechanisms of Anxiety and Fear 

During the late 1950's clinicians began to prescribe 

a new type of drug for the management of anxiety. 

Chlordiazepoxide, was the first benzodiazepine to be used 

and this class of drug soon replaced the barbiturates 

(File, 1987}. The latter drugs were more likely to be 

abused and the danger of death following overdose made 

these less popular among clinicians (Baldessarini, 1977). 

As the use of benzodiazepines increased clinicians 

discovered these drugs also had abuse potential (M. F. 

Sheehan, D. V. Sheehan, Torres, Coppola, and Francis, 

1991) and benzodiazepines may be used to enhance the 

effects of other illicit drugs including the opioids 

(Lader, 1999). Patients can become addicted to 

benzodiazepines and one suggested possibility for this 

addiction deals with the severe withdrawal effects 

occurring upon cessation of treatment (Lader, 1994) This 

can include the return of the original anxiety symptoms 

making cessation of drug treatment problematic (Lader, 

1999). Adverse side effects have also been reported 

including muscle relaxation, sedation and memory 

impairment (Lader, 1994, Lister, 1985, Taylor, et al., 

1982). Tolerance to the benzodiazepines develops to both 
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their adverse side effects and their anxiolytic properties 

(Argyropoulos and Nutt, 1999). However, tolerance to the 

therapeutic properties takes longer to develop (Rickels 

and Schweizer, 1986). 

Initially benzodiazepines were often prescribed long 

term. Today clinicians use benzodiazepines to provide 

short-term treatment for anxiety related disorders (Lader, 

1999), and benzodiazepines are often prescribed to ensure 

a person is able to begin a behavioral therapy program 

(Wardle, 1990). Given the effectiveness of 

benzodiazepines in the management of anxiety, researchers 

became interested in the mechanism and possible sites of 

action of benzodiazepines in the brain. Increased 

knowledge in this area may lead to the synthesis of drugs 

with anxiolytic effects devoid of adverse side effects. 

From a theoretical perspective, it is possible that 

experimental manipulation using benzodiazepine agonists 

and antagonists may help researchers understand the neural 

substrates of fear and anxiety. 

Researchers have identified two types of 

benzodiazepine receptors; central benzodiazepine receptors 

which are coupled to GABA chloride channels and located on 

neurons (Richards and Mohler, 1984), and peripheral 

benzodiazepine receptors which are located on glial cells 
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(Richards and Mohler, 1984) and are not coupled to GABA 

channels (Snyder, McEnery, and Verma, 1990). 

Benzodiazepine agonists like diazepam increase the 

coupling between GABA and chloride channels while 

antagonists decrease this coupling (Richards and Mohler, 

1984). GABA itself increases the opening of the chloride 

channel and this leads to inhibition (Tallman and 

Gallager, 1985). Benzodiazepines, while unable to open 

the chloride channel directly (Argyropoulos and Nutt, 

1999), enhance this effect (Stephens, et al., 1987). 

Kellogg, Sullivan, Bitran, and Ison (1991) reported that 

the anxiolytic effect of benzodiazepine agonists is only 

attenuated by antagonists acting at central benzodiazepine 

receptors. This suggests that central benzodiazepine 

receptors are important in the anxiolytic actions of 

benzodiazepine agonists (Kellogg, et al., 1991). 

The anxiolytic properties of benzodiazepines are well 

accepted and this effect has been demonstrated among 

clinical populations, and in a wide range of animal models 

of fear and anxiety, (for review see D. C. Blanchard, 

Griebel, Rodgers, and R. J. Blanchard, 1998, Clement and 

Chapouthier, 1998, Drugan and Holmes, 1991, File, 1987, 

Menard and Treit, 1999). Intraperitoneal injections of 

diazepam and flurazepam block the expression, but not the 
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acquisition of FPS, without depressing baseline startle 

(Davis, 1979). Chlordiazepoxide and alprazolam also block 

FPS (Hijzen, Houtzager, Joordens, Olivier, and Slangen, 

1995) . Similarly midazolam and diazepam have been shown 

to reduce defensive freezing (Fanselow and Helmstetter, 

1988) . 

There are many other examples of the capacity of 

benzodiazepines to attenuate the behavioral and autonomic 

expressions of fear. For example/ diazepam was reported 

to reduce defensive freezing, to block stress-induced c

fos increases in the VTA (Beck and Fibiger 1 1995), and to 

suppress DA release in the ELA induced by exposing 

laboratory rats to a fearful environment (Coco, et al., 

1992). Additionally, anxiolytic effects of 

benzodiazepines have been demonstrated in the elevated 

plus-maze and shock probe burying tasks (Griebel, 

Perrault, Tan, Schoemaker, and Sanger, 1999, Pesold and 

Treit, 1995). 

Of more interest to researchers has been the possible 

site of action of these drugs. Benzodiazepines show 

anxiolytic effects in the elevated plus-maze following 

infusion into a variety of brain areas including the 

dorsal raphe (Gonzalez and File, 1997) and the closely 

located dorsal PAG (Motta and Brandao, 1993). 
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Additionally, punished responding increased following 

benzodiazepine infusion into the dorsal hippocampus 

(Plaznik, Jessa, Bidzinski, and Nazar, 1994). Direct 

infusion of midazolam into the septum increases open arm 

activity in the elevated plus-maze, and decreases shock 

probe burying (Pesold and Treit, 1994). Interestingly, 

this study found no effect of midazolam on these measures 

after infusion into the amygdala. The only recorded 

effect of amygdaloid infusion was an increase in the 

number of contacts rats made with the shock probe. In a 

later study Pesold and Treit (1996) demonstrated 

anxiolytic effects of midazolam in the lateral, but not 

medial septal area. However, the septal area alone cannot 

be the site of action for benzodiazepines since 

destruction of the medial and lateral septum did not 

eliminate the anxiolytic actions of benzodiazepines on FPS 

(Melia and Davis, 1991). 

The amygdala has received the most experimental 

attention due to its central role in fear responding and 

the large number of benzodiazepine receptors located in 

this group of nuclei (Niehoff, and Kuhar, 1983, Thomas, 

Lewis, and Iversen, 1985, Young and Kuhar, 1980). For 

example, anxiolytic effects of benzodiazepines following 

direct infusion into the amygdala were demonstrated using 
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defensive freezing (Harris and Westbrook, 1998, 

Helmstetter, 1993), punished responding (Thomas, et al., 

1985), shock probe avoidance (Pesold and Treit, 1994), and 

the elevated plus-maze (Pesold and Treit, 1995) 

Research also suggests a dissociation between 

amygdaloid nuclei and their involvement in different fear 

behaviors. For example, midazolam infused directly into 

the BLA increased open arm entry in an elevated plus-maze 

task but had no effect on shock probe contact. The 

opposite result was found after midazolam infusion into 

the Ce. The authors note that while both of these 

behaviors involve passive avoidance of either an open 

elevated area, or a shock probe, they differ in that the 

shock is directly painful. More importantly, infusion of 

midazolam into either the BLA or Ce did not affect the 

active burying behavior typically displayed in the shock 

probe burying task (Pesold and Treit, 1995). 

To summarise, benzodiazepines show anxiolytic effects 

in a wide variety of animal models of fear and anxiety. 

This effect occurs following intraperitoneal injection and 

infusion into a variety of brain nuclei including the 

dorsal raphe, septum, dorsal PAG and the amygdala, among 

others. As mentioned previously, differences in 

anxiolytic effects depending upon task type have been 
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reported to occur after administration of benzodiazepines 

into various sub nuclei of the amygdala and septum. Thus, 

it appears that no one site of action is pre-eminent. 
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5. The Purpose of this Thesis 

Benzodiazepine receptors are spread throughout the 

brain including the VTA (Goeders, 1991, Veenman, Albin, 

Richfield, and Reiner, 1994). Electrophysiological, 

neurochemical and early gene expression experiments 

demonstrate the sensitivity of VTA DA neurons to 

threatening environmental stimuli (Beck and Fibiger, 1995, 

Deutch, et al., 1985, Guarraci and Kapp, 1999). 

Furthermore, inhibition of VTA DA neural activity via 

blockade of D2 autoreceptors through infusion of quinpirole 

suppresses fear expression to a CS (Borowski and 

Kokkinidis, 1996, Munro and Kokkinidis, 1997). 

Additionally, Nader and LeDoux (1999) reported that 

intraVTA infusion of quinpirole blocks fear expression to a 

second order CS. It is noteworthy that GABAergic neurons 

intrinsic to the VTA tonically mediate DA neural activity 

(Westerink, et al., 1998) and, similar to quinpirole, 

intraVTA infusion of the GABAA agonist muscimol attenuates 

conditioned fear responding (Munro and Kokkinidis, 1997). 

Given the involvement of VTA DA in fear expression 

(Borowski and Kokkinidis, 1996, Munro and Kokkinidis, 

1997), and the connectivity between the VTA and the 

amygdala (Oades and Halliday, 1987), it is conceivable that 
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the VTA may contribute to fear expression by mediating the 

level of aversive emotional arousal within the amygdala-

based fear system. Furthermore, the ability of intraVTA 

infusion of a GABAA agonist to attenuate fear expression 

(Munro and Kokkinidis, 1997), coupled with the fact that 

benzodiazepine receptors are colocalised with GABA 

receptors (Richards and Mohler, 1984), suggests that the 

VTA may be a relevant site for the anxiolytic actions of 

benzodiazepine drugs. Providing behavioral evidence for a 

role of VTA benzodiazepine receptors in emotionality will 

extend our understanding of the neural basis of fear and 

anxiety. Thus, the main aim of this thesis is to revisit 

the effects of quinpirole and muscimol on fear responding 

and to ascertain whether the full benzodiazepine agonist 

flurazepam would have a similar anxiolytic action. 

As mentioned earlier, previous research has 

demonstrated that the expression of conditioned fear can be 

suppressed following inhibition of VTA DA neuronal activity 

(Borowski and Kokkinidis, 1996, Munro and Kokkinidis, 1997, 

Nader and LeDoux, 1999). The current research utilised the 

shock sensitisation of acoustic startle as a behavioral 

measure of fear. Shock is typically used as the UCS in 

Pavlovian fear conditioning experiments, and it provokes a 

profound increase in the amplitude of the acoustic startle 
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reflex. It was of interest then to determine whether VTA 

DA neural activity mediates the fear-arousing properties of 

a very strong aversive stimulus like footshock. 

Additionally, this paradigm allows the use of a within 

subjects design whereby acoustic startle amplitudes are 

recorded before and after shock while the animal is in the 

same drug state. This circumvents the problem of drug 

state dependency (Overton, 1964) which could be a factor in 

assessing potential benzodiazepine anxiolytic effects (Maes 

& Vossen, 1997). 



6. THE EFFECTS OF QUINPIROLE, MUSCIMOL, AND FLURAZEPAM 

INFUSION INTO THE VTA ON THE SHOCK SENSITISATION OF 

ACOUSTIC STARTLE 

6.1 Method 

6.1.1 Subjects 
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A total of 84 experimentally naive, male Wistar rats 

bred at the University of Canterbury served as subjects in 

the experiment. Rats weighed approximately 380 g at the 

beginning of the experiment. Animals were group housed 

throughout the experiment in a climatically controlled 

environment (20°c, ±1°c) and tested during the light 

portion of a 12-hr light-dark cycle. Food and water were 

continuously available throughout the experiment. Ethics 

approval was granted by the University of Canterbury Animal 

Ethics Committee for all procedures used in this 

experiment. 

6.1.2 Apparatus 
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Three chambers were used for baselining, shock 

delivery, and acoustic startle testing. A strip of piezo 

film (29cm x 23 cm) insulated with cardboard and covered 

with Mylar was located inside a styrofoam chamber (33 cm X 

26 cm x 27 cm, inside dimension) which had a high frequency 

speaker (10 cm diameter) fixed in the back wall. A Med 

Associates (Fairfield, VT) white-noise generator produced 

the acoustic startle stimulus (100-ms white noise burst, 5 

ms rise decay time). Background noise measured within the 

chamber, using a Simpson (model 860; Elgin, IL) sound meter 

(A scale) was 55 dB. 

A small cage (9.5 cm x 13.5 cm x 10.0 cm) constructed 

of wiremesh attached to a plexiglass frame was suspended 

within each chamber 4 cm above the piezo. Changes in 

voltage amplitude resulting from the rat's movement on the 

piezo were measured 100 ms before and after delivery of the 

acoustic stimulus. Briefly, the acoustic startle response 

involved the rat producing mechanical energy on the piezo. 

The ensuing electrical potential was amplified and measured 

as variations in voltage by a sample and hold circuit 

interfaced to a 386 computer. The analogue signal was 

filtered to control for electrical noise and any electrical 

frequency above 12 Hz was removed. The remaining signal 

was amplified 400 times, then converted to a digital 
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signal. Each 100 units of mean startle amplitude is equal 

to 5 mV peak voltage amplitude. 

Footshock was presented in the startle chambers. 

Nickel print was used to coat the Plexiglas sides of the 

stainless steel wire mesh chambers (GC Electronics, 

Rockford, IL) and this was connected to a Mylar sheath 

covering the piezo. The Mylar was divided in half along 

its length by a strip of aluminium tape (Manco Inc., Avon, 

OH). The two halves were separated by a silicone barrier 

designed to prevent electrical shorting caused by urine or 

faeces. The aluminium coated Mylar, and the startle 

chamber, were connected to a constant current stimulator 

(Schnabel Electronics, Saskatchewan, Canada) that delivered 

800 µA of current (200 Hz frequency, monopolar square wave, 

0.8 ms pulse duration) through the aluminium thus 

electrifying the floor and the entire chamber. 

6.1.3 Procedure 

Acoustic startle screening. 

Rats were placed in the startle cages and left for 5-

min to habituate to the context. Each animal's acoustic 

startle amplitude was then measured over 60 trials (30-s 

inter-stimulus-interval (ISI)). The acoustic stimulus was 
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initially set at 95 dB and adjusted until each rat's 

acoustic startle score fell within a range of 50 to 550 

units. Decibel levels ranged from 90 to 105 dB. No 

adjustments were made to the decibel level during the final 

20 noise bursts. Any animal whose acoustic startle score 

fell outside the selected range was excluded from the 

experiment. The remaining animals were assigned to 

treatment groups (saline, quinpirole; 0.75 µg, 1.5 µg, 3.0 

µg, muscimol; 0.5 µg, 1.0 µg, and flurazepam; 60.0 µg, 

120.0 µg) based upon equivalent acoustic startle scores and 

dB levels. Doses for muscimol and quinpirole were selected 

from previous research (Borowski and Kokkinidis, 1996, 

Munro and Kokkinidis, 1997, Nader and LeDoux, 1999), and 

the flurazepam doses were selected on the basis of earlier 

pilot research and an experiment involving the effects of 

intraamygdala infusion of flurazepam on conflict behavior 

in rats (Shibata, Yamashita, Yamamoto, Ozaki, & Ueki, 

1989}. 

Surgery. 

Rats were anaesthetised with sodium pentobarbitone 

(75.0 mg/kg} and placed in a Stoelting stereotaxic 

instrument (Wood Dale, IL). The incisor bar was adjusted 

such that each animal's DV co-ordinates were equal at 
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lambda and bregma. Animals were implanted bilaterally with 

22-gauge guide cannula (C313G, Plastics One, Roanoke, VA) 

at a 10° angle, aimed 1 mm above the VTA (A.P. -4.8 mm from 

bregma; M.L. ± 2.4 mm from the sagittal suture, D.V. -7.5 

mm from the skull surface). Coordinates were taken from 

the atlas of Paxinos and Watson (1986). Rats were allowed 

a 14 day recovery period to ensure their wounds healed 

adequately. 

VTA infusion and the shock sensitisation of acoustic 

startle. 

Rats were placed into the startle apparatus with a 

non-electrified Mylar sheet in place, and after a 5 min 

habituation period their baseline acoustic startle 

(baseline) amplitudes were assessed using 20 white noise 

bursts (30-s ISI) at their predetermined decibel level. 

Animals were then removed, and placed into a travel cage. 

The electrifiable Mylar sheet was put in place, connected 

to the shock generator and tested using a voltmeter. The 

shock generator was taken off line to ensure the rats were 

not inadvertently shocked at the wrong time, and the second 

acoustic startle test program set up. The decibel levels 

were rechecked and the infusion system was then assembled. 

The infusion cannula (C313I, Plastics One) were attached to 
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polyethylene tubing (PE20, Plastics One) that was preloaded 

with the appropriate drug and these were connected to the 

infusion pumps (Stoelting, model 310). The pumps were 

tested to ensure they were working correctly and that the 

solution was being released from the infusion needles. 

Rats were removed from the travel cage, wrapped in a soft 

towel and hand held during the infusion procedure. The 

dummy cannula (C313DC, Plastics One) were removed and 

replaced with the infusion cannula which protruded 1.0 mm 

below the guide cannula. All drugs were purchased from 

Sigma-Aldrich (New South Wales, Australia) and dissolved in 

physiological saline, (pH= 7.4). Infusion of 0.5 µl per 

side of saline, or the appropriate drug and dose ((-)

quinpirole hydrochloride; 0.75, 1.5, 3.0 µg, muscimol 

hydrobromide; 0.5, 1.0 µg, or flurazepam dihydrochloride; 

60.0, 120.0 µg) was made over a 1 min period and the 

infusion cannula left in place for a further 2 min to allow 

for drug dispersion away from the needle. The infusion 

cannula were then removed and the dummy cannula replaced. 

Rats were returned to the startle apparatus and left for 5 

min. During this time the infusion pumps were checked to 

ensure liquid was still being released. The rats then 

received a second startle test (postdrug). The postdrug 

test involved 20 trials and its purpose was to examine any 
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effect of drug infusion on the animals acoustic startle 

response. This was followed by 10 unsignalled footshocks 

(800 µA, 15-s ISI), and a final 20 trial postshock acoustic 

startle test. 

Histology. 

Rats were overdosed with sodium pentobarbitone and 

perfused intracardially with saline followed by a formalin 

(10%), glacial acetic acid (10%), methanol (80%) mixture 

(FAM). Brains were removed and stored in FAM. Two days 

later the brains were transferred to a 70% sucrose solution 

and left for several weeks before being sectioned coronally 

(50 µm) using a cryostat (Bright Cryostat Model OFT). 

Sections were then stained with cresyl violet and cannula 

placements confirmed microscopically. Guide cannula 

placements were then plotted on representative sections 

from the rat brain atlas of Paxinos and Watson (1986). 

Statistical Analysis. 

Baseline acoustic startle levels and dB levels were 

compared across groups using analysis of variance (ANOVA) 

to ensure all groups began with similar acoustic startle 

and dB levels. During the experiment each animals acoustic 

startle was measured over three sets of 20 white noise 
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presentations (baseline, postdrug, and postshock). A 

separate Drug Group x Startle Session ANOVA with repeated 

measures on the latter variable was conducted on the 

acoustic startle scores for each drug. The saline data was 

used for each of the analyses. These analyses allowed 

detection of any effect of drug infusion on the animals 

acoustic startle score and the assessment of the shock 

sensitisation of acoustic startle. Difference scores were 

calculated for each animal by subtracting the acoustic 

startle score after drug infusion (postdrug) from the 

acoustic startle score recorded after footshock (postshock) 

and these were analysed using a one-way ANOVA. To assess 

shock reactivity, movement scores were measured 100 ms 

before shock and 100 ms following shock onset. These 

scores were then averaged across the 10 shocks for each 

animal and a Drug Group x Preshock vs. Shock ANOVA was used 

to evaluate whether the drug had any effect on shock 

reactivity. Newman-Keuls multiple comparisons (a= .05) 

were used to assess the differences between means. 
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6.2 Results 

Quinpirole 

Histology 

Two rats in the quinpirole 0.75 and 1.5 µg groups 

developed loose acrylic headcaps and were removed from the 

experiment. Data from another rat in the quinpirole 0.75 

µg drug group was not included in the results because 

cannula placements were in an area above the lateral 

hypothalamus anterior to the VTA. This animal showed a 

normal shock sensitisation of acoustic startle. Cannula 

locations in the VTA for each drug treatment group 

(quinpirole 0.75 µg, N = 8; 1.5 µg, N = 9; 3.0 µg, N = 10) 

are depicted in Figure 1. 
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Figure 1. A schematic depiction of the guide cannula locations for the 0.75 (N = 8), 1.5 (N = 9) and 
3.0 (N = 10) µg quinpirole infusion groups. Guide cannula were implanted at a 10° angle l mm above the 
VTA (coordinates A.P. -4.8 rom from bregma, M.L. ±2.4 rom from the sagital suture, D.V. -7.5 mm from the 
skull surface). Representative sections (-4.52 rom and -4.80 rom from bregma) were taken from The Rat 
Brain in Stereotaxic Coordinates, by G. Paxinos and C.Watson, 1986. 
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Acoustic Startle and Shock Reactivity 

Baseline acoustic startle and decibel levels 

All groups began the experiment with similar acoustic 

startle amplitudes F(3,33) = 0.15, p < 0.93 and dB levels 

F(3,33) = 2.00, p < 0.13. Thus, any differences in acoustic 

startle levels discovered after experimental manipulation 

are not likely to be due to variances in group composition 

regarding these variables. 

Effects of drug infusion and footshock on acoustic startle 

scores 

ANOVA of the acoustic startle amplitude data detected 

a significant effect of Startle Session F(6,66) = 24.33, p 

< 0.001, and a significant Drug Group x Startle Session 

interaction F(6,66) = 2.82, p < 0.02. Acoustic startle 

amplitudes recorded on the baseline, postdrug, and 

postshock tests are depicted in Figure 2. Although there 

was a tendency toward increased acoustic startle responding 

following drug infusion, post-hoc comparisons found no 

significant within or between group differences following 

infusion of quinpirole. Thus, neither the drug nor the 

infusion process had any significant effect on baseline 

acoustic startle responding. 
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As can be seen in Figure 2 significant shock 

sensitisation of acoustic startle was observed in the 

saline group only. Newman-Keuls analysis confirmed that 

the three doses of quinpirole employed in the current study 

reduced the shock sensitisation of acoustic startle in a 

dose dependent manner. This effect is also shown in Figure 

3 which displays the difference score data ([postshock] -

[postdrug]). ANOVA of the difference scores found a main 

effect for drug treatment, F(3,33) = 3.57, p < 0.02. 

Newman-Keuls posthoc comparison indicates that only the 1.5 

µg and 3.0 µg doses of quinpirole infused into the VTA 

significantly reduced the shock sensitisation of acoustic 

startle amplitudes relative to the saline-treated control 

group. These anxiolytic actions of quinpirole infused into 

the VTA cannot be explained by possible drug effects on 

sensorimotor responding since, as alluded to earlier, a 

suppression of baseline acoustic startle amplitudes was not 

induced by quinpirole infusion (see Figure 2). 
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infusion, and postshock) following intraVTA infusion of saline (N = 10) or quinpirole 0.75 (N = 8), 1.5 ~ 
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Shock reactivity 

As expected there was a significant increase in 

movement 100 ms after shock onset across all groups, 

F(l,33) = 178.09, p < 0.001. The average movement recorded 

100 ms before shock (preshock) and 100 ms following shock 

onset (shock) for each group is illustrated in Figure 4. 

As can be seen in this Figure, quinpirole infusion did not 

attenuate shock reactivity. This suggests the anxiolytic 

effects of quinpirole on the shock sensitisation of 

acoustic startle cannot be explained by a reduction in the 

animals perception of the aversive nature of the footshock. 
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Figure 4. Mean movement amplitude recorded 100 ms before shock and 100 ms after shock onset following ~ 
infusion of saline (N = 10) or quinpirole; 0.75 (N = 8), 1.5 (N = 9), 3.0 (N = 10) µg into the VTA. 



Muscimol 

Histology 

Guide cannula locations for the two muscimol groups 

(muscimol 0.5 µg, N = 11, muscimol 1.0 µg, N = 11) are 

depicted in Figure 5. 

Acoustic Startle and Shock Reactivity 

Baseline acoustic startle and decibel Levels 
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There were no statistically significant group 

differences regarding baseline acoustic startle amplitudes 

on the last acoustic startle screening session F(2,29) = 

1.17, p < 0.32, or on the decibel levels used to induce 

startle F(2,29) = 1.83, p < 0.18. 

Effects of drug infusion and footshock on acoustic startle 

scores 

ANOVA of the acoustic startle data revealed main 

effects of Startle Session, F(2,58) = 7.47, p < 0.001 and a 

significant Drug Treatment x Startle Session interaction 

F(4,58) = 6.35, p < 0.001. 
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Figure 5. A s.chernatic depiction of the guide cannula locations for the 0.5 (N = 11) and 1.0 (N = lli 
µg muscimol infusion groups. Guide cannula were implanted at a 10° angle 1 mm above the VTA 
(coordinates A.P. -4.8 mm from bregma, M.L. ±2.4 mm from the sagital suture, D.V. -7.5 mm from the 
skull surface). Representative sections (-4.52 mm and -4.80 mm from bregrna) were taken from The Rat 
Brain in Stereotaxic Coordinates, by G. Paxinos and C.Watson, 1986. 
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As can be seen in Figure 6 intraVTA muscimol infusion did 

not significantly effect acoustic startle amplitudes 

(baseline vs. postdrug}. Newman-Keuls posthoc analysis 

revealed that both doses of muscimol infused into the VTA 

blocked the shock sensitisation of acoustic startle (see 

Figure 6). Thus, as was the case for quinpirole infusion 

into the VTA, muscimol administration blocked the 

potentiating effects of footshock on the amplitude of the 

acoustic startle reflex. The difference score ([postshock) 

- (postdrug]) data are shown in Figure 7. ANOVA of this 

data revealed a significant inhibition of shock-enhanced 

acoustic startle responding following intraVTA infusion of 

both doses of muscimol, F(2,29) = 7.15, p < 0.003. This 

effect was confirmed by Newman-Keuls posthoc comparison of 

the simple main effects. 
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Shock reactivity 

The averaged movement amplitudes measured 100 ms 

before shock {preshock) and 100 ms after shock onset 

(shock) are presented in Figure 8. ANOVA of this data 

yielded a main effect of shock treatment, F(l,29) = 110.49, 

p < 0.001. Footshock produced a pronounced increase in 

movement (preshock vs. shock) in all groups. There was no 

effect of drug treatment on shock reactivity, F(2,29) =.01, 

ns. 
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Figure 8. Mean movement amplitude recorded 100 ms before shock and 100 ms after shock onset following~ 
infusion of saline (N = 10) or muscimol; 0.5 (N = 11), 1.0 (N = 11) µg into the VTA. 



Flurazepam 

Histology 

Figure 9 depicts guide cannula placements for the 

flurazepam 60.0 µg (N = 11) and 120.0 µg (N = 11) drug 

groups. 

Acoustic Startle and Shock Reactivity 

Baseline acoustic startle and decibel levels 

All groups showed equivalent levels of baseline 

acoustic startle amplitudes F(2,29) = 0.80, p < 0.46 and 

decibel levels F(2,29) = 1.10, p < 0.34. 

60 

Effects of drug infusion and footshock on acoustic startle 

scores 

ANOVA revealed a significant effect of Startle 

Session F(2,58) = 30.78, p < 0.001 and a significant Drug 

Group x Startle Session interaction F(4,58) = 3.15, p < 

0.02. Newman-Keuls posthoc comparisons revealed that the 

120 µg dose of flurazepam infused into the VTA blocked the 

shock sensitisation of acoustic startle. 
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Figure 9. A schematic depiction of the guide cannula location.s for the 60. 0 (N = 11) and 120. 0 (N = 
11) µg flurazepam infusion groups. Guide cannula were implanted at a 10° angle 1 mm above the VTA 
(coordinates A.P. -4.8 rnm from bregma, M.L. ±2.4 mm from the sagital suture, D.V. -7.5 mm from th? 
skull surface). Representative sections (-4.52 mm and -4.80 mm from bregma) were taken from The Rat 
Brain in Stereotaxic Coordinates, by G. Paxinos and C.Watson, 1986. 
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As can be seen irt Figure 10, flurazepam did not depress 

acoustic startle amplitudes following intraVTA infusion, 

rather the 60.0 µg dose caused a significant increase in 

acoustic startle responding following drug infusion. 

Figure 11 depicts the results of the difference score 

([postshock] - [postdrug]) analysis. 'ANOVA of the 

difference score data revealed a main effect for this 

measure, F(2,29) = 4.19, p < 0.02. Newman-Keuls analysis 

indicated that both doses of flurazepam significantly 

decreased the shock sensitisation of acoustic startle 

amplitudes relative to the saline controls. These results 

are similar to those reported earlier following intraVTA 

infusion of quinpirole and muscimol. 
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Shock reactivity 

Figure 12 depicts the mean movement scores per group 

recorded 100 ms before (preshock) and 100 ms after the 

onset of footshock (shock). ANOVA revealed a significant 

main effect of footshock F(l,29) = 98.63, p < 0.001. All 

groups displayed a marked increase in movement following 

the onset of footshock and no statistically significant 

effect of drug treatment on shock reactivity was apparent, 

F(2,29) = 1.49, ns. 
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Figure 12. Mean movement amplitude recorded 100 ms before shock and 100 ms after shock onset followingg:: 
infusion of saline (N = 10) or flurazepam; 60.0 (N = 11), 120.0 (N = 11) µg into the VTA. 



Discussion 

Main Findings 

Quinpirole 

There was no significant effect of drug infusion on 

acoustic startle score (baseline vs. postdrug) in either 

the saline controls or any of the quinpirole drug groups 

which would indicate that quinpirole did not cause a 

sensorimotor impairment in these animals. This is an 

important finding because it was previously demonstrated 

that systemic quinpirole administration can induce 

stereotyped behavior in rats (Eilam, Clements, and 

Szechtman, 1991). 
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IntraVTA infusion of 1.5 µg or 3.0 µg of the DA D2 

receptor agonist quinpirole significantly attenuated the 

shock sensitisation of acoustic startle relative to the 

saline controls. Analysis of the difference scores 

([postshock] - (postdrug]) confirmed that the saline group 

showed a significantly greater shock sensitisation of 

acoustic startle than either the 1.5 µg or 3.0 µg 

quinpirole group. Between group comparisons confirmed there 

were no group differences regarding shock reactivity 

(movement 100 ms before, and 100 ms after, footshock). 
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Thus, the doses of quinpirole infused did not affect the 

animals ability to respond to the shock, nor their ability 

to perceive the shock as aversive. 

The quinpirole data are consistent with previous 

reports indicating the involvement of DA neurons intrinsic 

to the VTA in emotional responding (Borowski and 

Kokkinidis, 1996, Munro and Kokkinidis, 1997, Nader and 

LeDoux, 1999). These studies involved classical 

conditioning in drug naive rats and the conditioned fear 

testing followed drug infusion. Thus, the possibility that 

state-dependent learning (Overton, 1964) contributed to the 

results cannot be ruled out. The current finding that 

intraVTA infusion of quinpirole blocked the fear-arousing 

effects of footshock on startle amplitudes when animals 

were shocked and tested while under the influence of the 

drug, indicates that state dependency is not a likely 

factor contributing to the inhibition of fear expression. 

Moreover, although context-independent shock exposure can 

produce small transient increases in acoustic startle 

responding (Willick and Kokkinidis, 1995), the magnitude of 

the shock sensitisation effect is considerably more 

pronounced when startle testing and shock administration 

occurs in the same experimental context (Greba, Gifkins, 

and Kokkinidis unpublished observation, Richardson and 



69 

Elsayed, 1998). These findings indicate that the fear

arousing properties of footshock result in rapid fear 

conditioning to the shock-startle apparatus. Accordingly, 

the observed blockade of fear-arousal by intraVTA 

quinpirole infusion could be interpreted to suggest that 

the shock induced activation of VTA DA neurons (Morrow, 

Elsworth, and Roth, 1996) may contribute to contextual fear 

conditioning. 

In addition to the VTA, it is possible that the 

quinpirole infusion may have affected DA neurons in the 

neighbouring SN. However, a wealth of research 

demonstrates functional differences between these two brain 

areas (see Oades and Halliday, 1987) and an examination of 

the experimental literature suggests several reasons why SN 

DA neural inhibition is unlikely to be responsible for the 

quinpirole results. First, it has been demonstrated that 

conditioned fear stimuli increase extracellular DA release 

in the VTA, presumably due to enhanced DA neural activity 

(Deutch, et al., 1985). Second, excitotoxin lesions of the 

VTA block the expression of fear-potentiated startle 

(Borowski and Kokkinidis, 1996), while DA depleting 6-0HDA 

lesions of the SN did. not attenuate fear-potentiated 

startle (Hitchcock and Davis, 1991). Third, electrical 

stimulation of the SN did not increase acoustic startle 
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responding in rats whereas stimulation of the VTA was shown 

to augment acoustic startle amplitudes {Borowski and 

Kokkinidis, 1996). Fourth, bicuculline infused into the 

VTA increased fear arousal, however, when infused into the 

SN bicuculline increased grooming and induced circling 

behavior without enhancing emotionality {Stevens, et al., 

1974). Fifth, VTA lesions, (Le Moal, et al., 1969) like 

amygdala lesions (see Davis, 1992), decrease fear 

responding, but SN lesions do not (Galey, et al., 1977). 

The startle pathway from the brainstem to the 

amygdala travels between the VTA and the SN (Cassella and 

Davis, 1986, Davis, D. S. Gendelman, Tischler, and P. M. 

Gendelman, 1982) and it is possible that this pathway may 

have been inadvertently damaged in the present study. 

However, the guide cannula placements were dorsal to this 

area; additionally, the saline control group showed normal 

shock sensitisation of acoustic startle. Hence, this 

explanation of the present results is unlikely. 

Davis and colleagues blocked the shock sensitisation 

of acoustic startle using lesions of either the Ce, 

(Hitchcock, et al., 1989) or the BLA (Sananes and Davis, 

1992). They concluded that amygdaloid activation due to 

footshock was responsible for the fear arousal. Previous 

findings indicate that the VTA regulates the amygdala-based 



71 

fear system through DA modulation (Borowski and Kokkinidis, 

1996, Munro and Kokkinidis, 1997, Nader and LeDoux, 1999). 

This is thought to occur through the tonic inhibition of 

VTA DA neurons that are involved in regulating, or gating, 

the level of emotional arousal in the amygdala-based fear 

system. The results from this experiment are consistent 

with this view. 

Muscimol and Flurazepam 

As observed with the quinpirole infusions, intraVTA 

administration of the GABAA receptor agonist muscimol 

blocked the shock sensitisation of acoustic startle 

amplitudes. Although muscimol infusion into the VTA was 

previously shown to decrease motor activity (Arnt and 

Scheel-Kruger, 1979), normal levels of sensorimotor 

responding following drug infusion were observed in the 
. 

present study (see Figure 6). In addition, shock 

reactivity levels were also unaffected by infusion of 

muscimol into the VTA, indicating that the animal's ability 

to perceive the shock as aversive was not impaired. 

Muscimol is a GABAA receptor agonist and GABA neurons 

intrinsic to the VTA synapse with DA cells (Bayer and 

Pickel, 1991). Electrophysiological and neurochemical 

research has demonstrated that VTA DA neurons are tonically 
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inhibited via the GABAA receptor complex (Johnson and 

North, 1992, Westerink, Kwint, and De Vries, 1996). More 

specifically, the spontaneous hyperpolarisation of DA 

neurons is mediated by GABAA chloride channels (Johnson and 

North, 1992). Like muscimol, flurazepam blocked the shock 

sensitisation of acoustic without affecting baseline 

startle or shock reactivity. The flurazepam results can be 

interpreted to suggest that VTA benzodiazepine receptors 

play an important role in mediating the fear-arousing 

properties of footshock. Benzodiazepine anxiolytics 

increase the coupling between GABA and chloride channels at 

the GABAA receptor complex (Richards and Mohler, 1984) and 

direct administration of GABAA agonists produce similar 

actions on VTA neurodynamics to those produced by 

benzodiazepines {see Kalivas, 1993). For example, muscimol 

infused into the VTA inhibits conditioned fear expression 

(Munro and Kokkinidis, 1997) and systemically administered 

diazepam blocks fear-evoked increases in VTA neural 

activity as indicated by enhanced c-fos early gene 

expression (Beck and Fibiger, 1995). In the present study, 

direct infusion of the 120.0 µg flurazepam dose into the 

VTA had a similar effect on the shock sensitisation of 

acoustic startle amplitudes to that observed after intraVTA 

infusion of either quinpirole or muscimol. 
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Consistent with both the quinpirole and muscimol 

results flurazepam did not suppress baseline startle. 

Rather a small increase in postdrug amplitudes was apparent 

after infusion of the 60.0 µg dose. This increase in 

sensorimotor activity is an important observation because 

systemic injection of benzodiazepines has been reported to 

reduce acoustic startle in rats (Harris and Westbrook, 

1998) and in humans (Abduljawad, Langley, Bradshaw, and 

Szabadi, 1997). The present findings suggest that the 

hypnotic and sedative effects of peripherally administered 

benzodiazepines (see Lader, 1994, 1999) are not likely to 

involve neurons in the VTA. Given the close functional 

association between benzodiazepine receptors and the GABAA 

receptor complex (Kalivas, 1993), the shock sensitisation 

data raise the interesting possibility that benzodiazepine 

anxiolytics may function through their ability to inhibit 

the VTA DA neural excitation typically observed following 

exposure to fear-arousing stimuli. 

Possible Explanations 

The hypothesis that benzodiazepines may exert their 

anxiolytic actions, in part, by inhibiting VTA DA neurons 

is attractive given the ascending VTA DA projections to a 
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number of forebrain regions thought to be involved in 

various aspects of emotionality, including the thalamus, 

hypothalamus, septum, hippocampus, bed nucleus of the stria 

terminalis, and the amygdala, among others (for review see 

Davis, 1992). Although there are a number of forebrain 

sites that may be involved in the VTA's mediation of the 

shock sensitisation of acoustic startle, the amygdala is 

one DA terminal region of interest for several reasons. 

First, the amygdala has a rich distribution of DA fibres 

(Freedman and Cassell, 1994), and both DA D1 and DA D2 

receptor subtypes (Boyson, McGonigle, and Molinoff, 1986, 

Meador-Woodruff, et al., 1991). Second, DA release in the 

amygdala is enhanced by exposure to stressful stimuli 

(Inglis and Moghaddam, 1999), and this effect is attenuated 

by systemic administration of diazepam (Coco, et al., 

1992). Third, intraamygdala administration of the specific 

D1 receptor antagonist SCH 23390 (Greba and Kokkinidis, 

2000, Guarraci, Frohardt, and Kapp, 1999, Waddington Lamont 

and Kokkinidis, 1998) or the D2 receptor antagonists 

raclopride (Greba, Gifkins and Kokkinidis, 2000) and 

eticlopride (Guarraci, Frohardt, Falls and Kapp, 2000) 

block classically conditioned fear responding. Fourth, it 

has been demonstrated that amygdaloid lesions block the 

shock sensitisation of acoustic startle (Hitchcock, et al., 



1989). Finally, it was reported that raclopride infusion 

into the amygdala inhibits the enhancing effects of 

footshock on startle amplitudes (Greba, et al., 2000) 

further supporting the notion that DA D2 receptor 

activation is involved in fear expression. 
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The quinpirole data provide convincing evidence for 

ascending forebrain DA projections in mediating the shock 

sensitisation of acoustic startle. Quinpirole's effects 

are specific to DA and quinpirole reduces the firing of DA 

neurons (White and Wang, 1984) and stimulates autoreceptors 

which leads to an inhibition of these neurons (Bernardini, 

et al., 1991). Despite the convincing evidence implicating 

the VTA DA system, the present experimental results cannot 

rule out the possibility that intraVTA infusion of muscimol 

and flurazepam may be affecting fear expression through 

non-DA systems. In this regard, it is important to note 

that efferents from non-DA neurons in the VTA innervate the 

PAG (Simon, et al., 1979, Swanson, 1982). Previous 

research has demonstrated that lesions of the PAG block 

conditioned freezing (Kim, Rison, and Fanselow, 1993), FPS 

(Fendt, Koch, and Schnitzler, 1996), and the shock 

sensitisation of acoustic startle (Fendt, Koch, and 

Schnitzler, 1994). Thus, although the muscimol and 

flurazepam results closely parallel those observed with the 
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DA D2 autoreceptor agonist quinpirole, it is possible that 

GABAA and benzodiazepine receptor agonists, in addition to 

their regulation of stress-induced increases in VTA DA 

neurons, may exert anxiolytic actions through inhibition of 

non-DA neurons that project to the PAG and possibly other 

midbrain and hindbrain structures. 

Clinical Implications 

The present results demonstrating that direct 

quinpirole, flurazepam and muscimol administration into the 

VTA block the shock sensitisation of acoustic startle 

amplitudes may further clarify our understanding of the 

neural basis of psychiatric disturbances associated with 

exaggerated anxiety and fear. The development of anxiety

related psychiatric disorders is greatly influenced by 

stressful experiences (Davidson, Tupler, Wilson, & Connor, 

1998). Moreover, clinical evidence indicates that 

benzodiazepine anxiolytics produce a favourable treatment 

outcome in people with schizophrenia when coadministered 

with neuroleptics (Wasseff, et al., 1999). Stress is one 

mediator of relapse in schizophrenics (Malla, Cortese, 

Shaw, & Ginsberg, 1990), and the benefit of benzodiazepines 

in anxiety disorders and as adjunctive agents in 
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schizophrenia may involve the ability of benzodiazepines to 

impede stress-induced activation of VTA DA neurons. 

Although iontophoretic application of benzodiazepines into 

the VTA does not inhibit DA neural activity (O'Brien and 

White, 1987), peripheral administration of diazepam has 

been reported to reduce the neural activating effects of 

fear-arousing environmental stimuli on c-fos expression in 

the VTA and to inhibit the stress-enhancement of DA release 

in the Ce and the BLA (Beck and Fibiger, 1995, Coco et al., 

1992). The present results establish the importance of VTA 

DA neural activation in the fear motivational consequences 

of threatening stimuli and indicate that the VTA may be a 

potential novel site of action of benzodiazepine 

anxiolytics. 
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Table Al 

ANALYSIS OF VARIANCE 

105 

Mean Startle Amplitudes, Drug Group (Saline, Quinpirole; 0.75, 
1.5, 3.0 µg) X Startle Session {Baseline, Postdrug, Postshock) 

SOURCE OF 
VARIATION 

Drug 

Error (Drug) 

Startle 
Session 

Startle 
Session X 
Drug 

Error 
(Startle) 

SUM OF 
SQUARES 

168354.300 

1491317.190 

588861.000 

205211.400 

798803.940 

DF MEAN SQUARE F PROB. 

3 56118 .100 1.242 0.310 

33 45191.430 

2 294430.500 24.327 0.000 

6 34201.900 2.826 0.016 

66 12103.090 



Table A2 

ANALYSIS OF VARIANCE 

106 

Mean Difference Scores ((Postshock] - [Postdrug]), Drug Group 
(Saline, Quinpirole; 0.75, 1.5, 3.0 µg) X Difference Score 

SOURCE OF SUM OF DF MEAN F PROB. 
VARIATION SQUARES SQUARE 

Difference Score 362788.800 3 120929. 6 3.570 0.024 

Error (Difference 1117705. 71 33 33869.87 
Score) 



Table A3 

ANALYSIS OF VARIANCE 

107 

Mean Movement Scores, Drug Group (Saline, Quinpirole; 0.75, 1.5, 
3.0 µg) X Mean Movement Scores 100 ms Preshock vs 100 ms Shock 

SOURCE OF 
VARIATION 

Drug 

Error (Drug) 

Shock 

Drug X Shock 

Error (Shock) 

SUM OF SQUARES 

61902.000 

1924122.750 

9090785.000 

81438.000 

1684520.970 

DF MEAN SQUARE F 

3 20634.000 0.354 

33 58306.750 

1 9090785.000 178.09 

3 
27146. 000 0.532 

33 51046.09 

PROB. 

0.787 

0.000 

0.664 



Table A4 

ANALYSIS OF VARIANCE 
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Mean Startle Amplitudes, Drug Group (Saline, Muscimol; 0.5, 1.0 
µg) X Startle Session (Baseline, Postdrug, Postshock) 

SOURCE OF 
VARIATION 

Drug 

Error (Drug) 

Startle 
Session 

Startle 
Session X Drug 

Error 
(Startle) 

SUM OF 
SQUARES 

321649.600 

1615404.690 

193212.600 

328232.400 

749708.580 

DF 

2 

29 

2 

4 

58 

MEAN 
SQUARE 

160824.800 

55703.610 

96606.300 

82058.100 

12926.010 

F PROB. 

2.887 0.072 

7.474 0.001 

6.348 0.000 



Table AS 

ANALYSIS OF VARIANCE 

109 

Mean Difference Scores ([Postshock] - [Postdrug]), Drug Group 
(Saline, Muscimol; 0.5, 1.0 µg) X Difference Score 

SOURCE OF SUM OF DF MEAN F PROB. 
VARIATION SQUARES SQUARE 

Difference Score 476003.000 2 238001.500 7.148 0.003 

Error (Difference 965520.780 29 33293.820 
Score) 

---A 



Table A6 

ANALYSIS OF VARIANCE 
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Mean Movement Scores, Drug Group (Saline, Muscimol; 0.5, 1.0 µg) 
X Mean Movement Scores 100 ms Preshock vs 100 ms Shock 

SOURCE OF 
VARIATION 

Drug 

Error 
{Drug) 

Shock 

Drug X 
Shock 

Error 
{Shock) 

SUM OF SQUARES OF MEAN SQUARE 

2120.000 2 1060.000 

2763193.080 29 95282.520 

1065272.000 1 10652720. 000 

966.000 2 483.000 

2796003.970 29 96413.930 

F PROB. 

0.011 0.989 

110.489 0.000 

0.005 0.995 



Table A7 

ANALYSIS OF VARIANCE 

111 

Mean Startle Amplitudes, Drug Group (Saline, Flurazepam; 60.0, 
120.0 µg) X Startle Session (Baseline, Postdrug, Postshock) 

SOURCE OF 
VARIATION 

Drug 

Error (Drug) 

Startle Session 

Startle Session 
X Drug 

Error (Startle) 

SUM OF DF MEAN SQUARE F PROB. 
SQUARES 

103334.200 2 51667.100 1.007 0.377 

1487206. 710 29 51282.990 

760969.600 2 380484.800 30.785 0.000 

155925. 600 4 38981. 400 3 .154 0. 020 

716837.660 58 12359.270 



Table AB 

ANALYSIS OF VARIANCE 

112 

Mean Difference Scores ([Postdrug] - (Postshock]), Drug Group 
(Saline, Flurazepam; 60.0, 120.0 µg) X Difference Score 

SOURCE OF SUM OF DF MEAN SQUARE F PROB. 
VARIATION SQUARES 

Difference Score 240339.400 2 120169.700 4.190 0.025 

Error (Difference 831750.450 29 28681.050 
Score) 



Table A9 

ANALYSIS OF VARIANCE 

113 

Mean Movement Scores, Drug Group (Saline, Flurazepam; 60.0, 
120.0 µg) X Mean Movement Scores 100 ms Preshock vs 100 ms Shock 

SOURCE OF 
VARIATION 

Drug 

Error (Drug) 

Shock 

Drug X Shock 

Error (Shock) 

SUM OF DF 
SQUARES 

344732.000 2 

3342505.200 29 

11459900.000 1 

271616.000 2 

3369437.500 29 

MEAN SQUARE F PROB. 

172366. 000 1. 495 1.495 

115258.800 

11459900.000 98.633 0.000 

135808.000 1.169 0.325 

116187.500 
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Table Bl 

Acoustic Startle Amplitudes Baseline (Pre-drug Infusion), Post
drug Infusion, Post-shock, and Difference Scores (Acoustic 

Startle Amplitude Post-shock minus Acoustic Startle Amplitude 
Post-drug Infusion) For Individual Saline Subjects 

Baseline Post-drug Infusion Post-Shock Difference Score 

' 
295.3 165.2 983.5 818.3 

149.3 156.2 258.5 102.3 

142.2 76.4 62.6 -13.8 

268.1 305.7 881.1 575.4 

124.0 174.4 442.1 267.7 

61. 0 75.3 159.4 84.1 

153.6 152.0 344.5 192.5 

169.0 291. 6 515.1 223.5 

351. 4 347.7 543.2 195.5 

492.7 446.0 709.1 263.1 



116 

Table B2 

Acoustic Startle Amplitudes Baseline (Pre-drug Infusion), Post
drug Infusion, Post-shock, and Difference Scores (Acoustic 

Startle Amplitude Post-shock minus Acoustic Startle Amplitude 
Post-drug Infusion) For Individual 0.75 µg Quinpirole Subjects 

Baseline Post-drug Infusion Post-Shock Difference Score 

181.1 398.0 535.5 137.5 

310.7 348.3 545.8 197.5 

525.7 285.6 734.0 448.4 

153.4 159.6 334.4 174.8 

188.4 259.3 475.5 216.2 

155.1 195.5 192.6 -2.9 

134.0 267.2 258.8 -8.4 

237.6 699.9 418.1 -281. 8 
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Table B3 

Acoustic Startle Amplitudes Baseline (Pre-drug Infusion), Post
drug Infusion, Post-shock, and Difference Scores (Acoustic 

Startle Amplitude Post-shock minus Acoustic Startle Amplitude 
Post-drug Infusion) For Individual 1.5 µg Quinpirole Subjects 

Baseline Post-drug Infusion Post-Shock Difference Score 

168.0 320.7 388.3 67.6 

132.7 234.8 427.4 192.6 

209.9 307.7 399.2 91. 5 

209.5 303.6 528.9 225.3 

200.9 410.8 276.6 -134.2 

163.3 305.8 304.2 -1. 6 

284.7 345.8 325.7 -2.1 

44.3 40.4 66.8 26. 4 

199.6 221.4 324.0 102.6 
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Table B4 

Acoustic Startle Amplitudes Baseline (Pre-drug Infusion}, Post
drug Infusion, Post-shock, and Difference Scores (Acoustic 

Startle Amplitude Post-shock minus Acoustic Startle Amplitude 
Post-drug Infusion) For Individual 3.0 µg Quinpirole Subjects 

Baseline Post-drug Infusion Post-Shock Difference Score 

179.4 249.5 211. 7 -37.8 

253.8 315.6 410.4 94.8 

236.5 253.7 257.2 3.5 

71.4 72.1 136 .9 64.8 

334.5 152.4 403.8 251.4 

84.4 82.8 100,3 17.5 

127.4 443.0 297.8 -145.2 

135.6 490.7 284.4 -206.3 

130.8 109.3 115.9 6.6 

312.1 295.1 418.0 122.9 
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Table B5 

Acoustic Startle Amplitudes Baseline (Pre-drug Infusion}, Post
drug Infusion, Post-shock, and Difference Scores (Acoustic 

Startle Amplitude Post-shock minus Acoustic Startle Amplitude 
Post-drug Infusion} For Individual 0.5 µg Muscimol Subjects 

Baseline Post-drug Infusion Post-Shock Difference Score 

293.8 222.5 378.7 156.2 

287.1 359.7 810.4 450.7 

153.2 146.3 174.9 28.6 

389.6 318.1 62.1 -256.0 

108.2 156.4 101.4 -55.0 

184.7 336.5 252.4 -84.1 

263.7 490.3 321.1 -169.2 

153.0 46.8 43.1 -3.7 

114.6 235.2 359.9 124.7 

117 .5 74.6 57.1 -17.5 

103.9 57.2 55.5 -1.7 
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Table B6 

Acoustic Startle Amplitudes Baseline (Pre-drug Infusion), Post
drug Infusion, Post-shock, and Difference Scores (Acoustic 

Startle Amplitude Post-shock minus Acoustic Startle Amplitude 
Post-drug Infusion) For Individual 1.0 µg Muscimol Subjects 

Baseline Post-drug Infusion Post-Shock Difference Score 

159.1 137.3 111.1 -26 .2 

297.2 202.9 246.5 43.6 

234.1 91. 7 210.0 118.3 

167.7 89.0 186.4 97.4 

563.6 471.6 317 .8 -153.8 

102.4 248.5 130.5 -118. 0 

54.2 52.2 66.2 14.0 

155.3 65.6 56.9 -8.7 

107.7 208.5 267.4 58.9 

71.2 104.3 68.8 -35.5 

124.7 81.5 96.4 14.9 
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Table B7 

Acoustic Startle Amplitudes Baseline (Pre-drug Infusion), Post
drug Infusion, Post-shock, and Difference Scores (Acoustic 

Startle Amplitude Post-shock minus Acoustic Startle Amplitude 
Post-drug Infusion) For Individual 60.0 µg Flurazepam Subjects 

Baseline Post-drug Infusion Post-Shock Difference Score 

210.3 224.6 494.6 270.0 

186.7 304.6 360.0 55.4 

54.2 92 .1 69.9 -22.2 

129.0 106.8 293.4 186.6 

102.4 225.3 279.9 54.6 

109.9 326.5 458.1 131.6 

259.7 359.1 439.5 80.4 

251.7 260.6 492.1 231. 5 

165.4 741. 3 558.5 -182.8 

377.1 495.4 797.4 302.0 

161.7 292.3 476.7 184.4 
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Table BS 

Acoustic Startle Amplitudes Baseline (Pre-drug Infusion), Post
drug Infusion, Post-shock, and Difference Scores (Acoustic 

Startle Amplitude Post-shock minus Acoustic Startle Amplitude 
Post-drug Infusion) For Individual 120.0 µg Flurazepam Subjects 

Baseline Post-drug Infusion Post-Shock Difference Score 

249.6 300.9 290.6 -10.3 

147.2 81.9 202.1 120.2 

134.2 191.7 205.4 13.7 

317.5 156.9 214.1 57.2 

120.7 172 .1 246.4 74.3 

241. 3 422.5 308.4 -114 .1 

152.9 138.0 326.4 188.4 

123.8 109.2 265.5 156.3 

122.1 439.7 609.1 169.4 

141.7 214.7 243.7 29.0 

231. 6 389.1 399.9 10.8 
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Table B9 

Movement Amplitudes 100 ms Pre- and 100 ms Post-shock For 
Individual Saline Subjects 

Movement Amplitude 100 ms Pre
shock 

40.1 

13 .4 

26.6 

15.2 

10.7 

13.5 

28.1 

54.5 

31. 8 

29.5 

Movement Amplitude 100 ms Post
shock 

1052.6 

692.1 

726. 8 

825.8 

684.2 

319.7 

607.1 

544.8 

1535.0 

1364.3 
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Table Bl0 

Movement Amplitudes 100 ms Pre- and 100 ms Post-shock For 
Individual 0.75 µg Quinpirole Subjects 

Movement A.rnplitude 100 ms 
Pre-shock 

29.2 

12.4 

125.7 

25.7 

32.1 

17.7 

24.2 

11. 6 

Movement Amplitude 100 ms Post
shock 

973.8 

482.6 

1164.0 

641.9 

476.6 

521.4 

699.7 

863.3 
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Table Bll 

Movement Amplitudes 100 ms Pre- and 100 ms Post-shock For 
Individual 1.5 µg Quinpirole Subjects 

Movement Amplitude 100 ms Pre
shock 

24.7 

53.2 

31. 5 

20.8 

22.5 

17.0 

126.0 

10.1 

27.4 

Movement Amplitude 100 ms Post
shock 

478.6 

1191. 5 

717.0 

1187.0 

377.7 

433.6 

745.5 

433.l 

451.2 
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Table Bl2 

Movement Amplitudes 100 ms Pre- and 100 ms Post-shock For 
Individual 3.0 µg Quinpirole Subjects 

Movement Amplitude 100 ms Pre
shock 

13.9 

12.3 

37.3 

28.9 

113 .5 

84.7 

30.9 

6.7 

13.6 

18.9 

Movement Amplitude 100 ms Post
shock 

205.7 

863.9 

355.2 

1316.4 

951.2 

837.8 

898.8 

361.8 

813.8 

581.7 
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Table Bl3 

Movement Amplitudes 100 ms Pre- and 100 ms Post-shock For 
Individual 0.5 µg Muscimol Subjects 

Movement Amplitude 100 ms Pre
shock 

13.0 

15.6 

15.6 

17.8 

17.4 

50.4 

12.9 

47.1 

23.8 

11.2 

49.6 

Movement Amplitude 100 ms Post
shock 

360.4 

2026.9 

518.9 

1509.1 

643.8 

872. 5 

1341. 7 

572 .0 

785.8 

194.3 

550.1 
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Table B14 

Movement Amplitudes 100 ms Pre- and 100 ms Post-shock For 
Individual 1.0 µg Muscimol Subjects 

Movement Amplitude 100 ms Pre
shock 

87.9 

13.4 

10.5 

15.4 

169.5 

19.1 

10.7 

9.6 

21. 2 

39.2 

21.1 

Movement Amplitude 100 ms Post
shock 

541.1 

1160.3 

500.2 

725.4 

926. 3 

1117.0 

1135.9 

786.6 

1456.1 

749.8 

273.8 
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Table B15 

Movement Amplitudes 100 ms Pre- and 100 ms Post-shock For 
Individual 60.0 µg Flurazepam Subjects 

Movement Amplitude 100 ms Pre
shock 

56.7 

10.4 

31. 7 

82.4 

39.3 

13.8 

134.5 

33.6 

28.3 

39.5 

9.9 

Movement Amplitude 100 ms Post
shock 

1256.8 

949.4 

718. 0 

850.2 

275.4 

1453.4 

1029.3 

683.2 

1631. 8 

1222.1 

1631.9 
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Table B16 

Movement Amplitudes 100 ms Pre- and 100 ms Post-shock For 
Individual 120.0 µg Flurazepam Subjects 

Movement Amplitude 100 ms Pre
shock 

11. 6 

10.2 

13.4 

20.7 

57.0 

11. 3 

38.0 

34.7 

16.2 

37.7 

27.5 

Movement Amplitude 100 ms Post
shock 

487.9 

333.9 

1368.0 

370.6 

473.0 

361.8 

1929.2 

1398.3 

1070.2 

75.0 

247.6 



131 

Appendix C 
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Table Cl 

Mean (±) S.E.M. Acoustic Startle Amplitudes; Baseline, Postdrug, 
and Postshock Saline, and Quinpirole; 0.75, 1.5, 3.0 µg Groups 

(*p < 0.05) 

SALINE QUINPIROLE QUINPIROLE QUINPIROLE 
0.75µg 1.5µg 3.0µg 

BASELINE 220. 6 (±41. 1) 235.7(±46.0) 179.2(±21.9) 186.6(±29.4) 

POSTDRUG 219.0(±38.7) 326.7(±59.7) 276.8(±34.9) 246.4(±46.0) 

POSTSHOCK *489.9(±95.3) 436.8(±61.7) 337.9(±42.4) 263.6(±38.6) 
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Table C2 

Mean (±) S.E.M. Difference Scores ([Postshock Startle Amplitude) 
minus [Postdrug Startle Amplitude)), For Saline, and Quinpirole; 

0.75, 1.5, 3.0 µg Groups (*p < 0.05) 

SALINE QUINPIROLE 
0.75µg 

QUINPIROLE 
l.Sµg 

QUINPIROLE 
3.0µg 

DIFFERENCE 270.9(±78.2) 110.2(±75.4) *63.1(±36.2) *17.2(±41.4) 
SCORE 



PRE-

134 

Table C3 

Mean (±) S.E.M. Movement Score 100 ms Preshock (Preshock)and 
Movement Score 100 ms after Shock Onset (Shock) For Saline, and 

Quinpirole; 0.75, 1.5, 3.0 µg Groups (*p < 0.05) 

SALINE QUINPIROLE QUINPIROLE QUINPIROLE 
0.75µg l.5µg 3.0µg 

26.3 (±4.4) 34.8(±13.2) 37. 0 (±11. 8) 36.1(±11.1) 
SHOCK 

SHOCK *835.2(±119.0) *727.9(±88.9) *668.3(±107.3) *718.6(±106.9) 
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Table C4 

Mean(±) S.E.M. Acoustic Startle Amplitudes; Baseline, Postdrug, 
and Postshock For Saline, and Muscimol; 0.5, 1.0 µg Groups (*p < 

0.05) 

SALINE MUSCIMOL 0.5µg MUSCIMOL 1.0µg 

BASELINE 220.6(±41.1) 197.2(±29.0) 185.2(±43.3) 

POSTDRUG 219.0(±38.7) 222.1(±43.0) 159.4(±36.8) 

POSTSHOCK *489.9(±95.3) 237.9(±69.2) 159.8(±27.3) 
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Table CS 

Mean (±} S.E.M. Difference Scores ([Postshock Startle Amplitude) 
minus [Postdrug Startle Amplitude)), For Saline, and Muscimol; 

0.5, 1.0 µg Groups (*p < 0.05) 

SALINE MUSCIMOL 0. Sµg MUSCIMOL 1 . 0µg 

DIFFERENCE SCORE 270.9(±78.2) *15.7(±56.1) *0.4(±25.0) 
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Table C6 

Mean(±) S.E.M. Movement Score 100 ms Preshock (Preshock) and 
Movement Score 100 ms after Shock Onset (Shock) For Saline, and 

Muscimol; 0.5, 1.0 µg Groups (*p < 0.05) 

SALINE MUSCIMOL 0. 5µg MUSCIMOL 1 . 0µg 

PRESHOCK 26.3(±4.4) 24.9(±4.8) 38.0(±14.8) 

SHOCK *835.2 (±119.0) *852.3(±166.6) *852.0(±104.5) 
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Table C7 

Mean(±) S.E.M. Startle Amplitudes; Baseline, Postdrug, and 
Postshock For Saline, and Flurazepam; 60.0, 120.0 µg Groups (*p 

< 0.05) 

SALINE FLURAZEPAM 60.0µg FLURAZEPAM 120.0µg 

BASELINE 220.6(±41.1) 182.5(±27.2) 180.2(±20.3) 

POSTDRUG 219.0(±38.7) *311.7(±54.7) 237.9(±38.9) 

POST SHOCK *489.9(±95.3) *429.1(±55.5) 301.0(±35.6) 
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Table C8 

Mean(±) S.E.M. Difference Scores ([Postshock Startle Amplitude] 
minus [Postdrug Startle Amplitude]), For Saline, and Flurazepam; 

60.0, 120.0 µg Groups (*p < 0.05) 

SALINE 

DIFFERENCE SCORE 270.9(±78.2) 

FLURAZEPAM 
60.0µg 

*117.4(±42.5) 

FLURAZEPAM 
120.0µg 

*63.2(±27.3) 
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Table C9 

Mean(±) S.E.M. Movement Score 100 ms Preshock (Preshock) and 
Movement Score 100 ms after Shock Onset (Shock) For Saline, and 

Flurazepam; 60.0, 120.0 µg Groups (*p < 0.05) 

SALINE 

PRESHOCK 26.3(±4.4) 

SHOCK *835.2(±119.0) 

FLURAZEPAM 
60.0µg 

43.6(±11.1) 

*1063.8(±128.1) 

FLURAZEPAM 
120.0µg 

25.3(±4.5) 

*737.8(±181.3) 



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut left edge by 42.52 points
     Shift: none
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220805091717
      

        
     32
     1
     0
     No
     1213
     248
     None
     Left
     42.5197
     0.0000
            
                
         Both
         195
         AllDoc
         216
              

       CurrentAVDoc
          

     Smaller
     42.5197
     Left
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     147
     146
     147
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset -0.92, 0.00 Width 32.28 Height 839.15 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220805091732
      

        
     1
     Default
     0
     BL
     1424
     503
            
                
         Both
         100
         AllDoc
         377
              

       CurrentAVDoc
          

     -0.9221 0.0006 32.2751 839.1529 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     147
     146
     c8faf4c8-7ea9-4aed-a890-624c632d1cc3
     147
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 488.74, 810.57 Width 48.87 Height 20.29 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220805091922
      

        
     1
     Default
     0
     BL
     1424
     503
    
            
                
         Both
         100
         CurrentPage
         377
              

       CurrentAVDoc
          

     488.7374 810.567 48.8737 20.2872 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     146
     147
     146
     a2fb7829-600b-4f1c-b8fe-c571202dabcd
     1
      

   1
  

 HistoryList_V1
 qi2base



