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Absmct 

There is a high co-prevalence of eating disorders and substance abuse in humans. 

One theory offered to account for this relationship implicates a common biochemical 

substrate in the pathophysiology of both disorders. Neuropeptide Y (NPY), a 36 amino- 

acid peptide found throughout neurons of the central and peripheral nervous systems, 

may be one candidate serving both roles. NPY stimulates voracious feeding in 

previously satiated rats when injected into the perifomid hypothalamus (PFH). It also 

has rewarding effects when injected into the nucleus accumbens (N.Acc) as evidenced by 

its induction of conditioned place preference (CPP) learning. 

To clarify the anatomical specificity of NPY's role in mediating feeding and 

reward, the present dissertation examined the effects of PFH vs. N.Acc injections of NPY 

on bbregulatory feeding" (resulting from homeostatic need) vs. "non-regulatory feeding" 

(due to rewarding properties of f d )  as well as other reward-related behaviours. 

Regulatory feeding was assessed by measuring intake of a non-preferred food, powdered 

lab chow, while non-regulatory feeding was assessed by measuring intake of a preferred 

food, sucrose. Other measures of reward were performance of a progressive ratio (PR) 

operant response for sucrose and CPP. The contribution of dopamine @A) in mediating 

these NPY-site effects was also determined. 

NPY dose-dependently increased chow (Experiment # 1 a) and sucrose 



(Experiment #2a) intake to the sunt extent when injected into the PFH but not the 

N.Acc. Likewise, a dose-dependent increase in PR responding for sucrose occurred 

following PFH but not N.Acc NPY injections (Experiment #3a). These responses were 

not blocked by pre-administering the DA receptor blocker, a-flupenthixol, into the 

N.Acc. A CPP was produced when a low dose (24 pmokide) of NPY was tested in the 

N. Acc. (Experiment #3 c). A CPP approaching statistical significance that was negatively 

correlated with food intake occurred with a low dose of NPY in the PFH (Experiment 

#3d). 

These results indicate an anatomical dissociation between certain behavioural 

effects of NPY in the PFH vs. the N. Acc. The PFH mediates NPY's effects on regulatory 

feeding but plays little, if any, role in reward-relevant behaviours. Conversely, NPY in 

the N.Acc supports reward-related but not intake-enhancing effects. Further support for 

this conclusion comes from findings that DA does not contribute significantly to NPY's 

reguiatory feeding response in the PFH, while its mediation of NPY reward in the N.Acc 

appears to exist, but is not robust. 



Intmdurtine 

All organisms must procure, consume, and metabolise nutrients in order to 

survive. There are times, however, when an organism ingests a substance, not for its 

energy-producing effects, but for the pleasurable or rewarding state that results from its 

ingestion. Both human beings and animals are capable of misusing substances, be they 

foodstuffs or ones having psychoactive properties, such as drugs. When they occur in 

human beings, these conditions are labelled eating disorders or gubstance-related 

disorders. What each of these disorders has in common is the use of a substance by an 

individual to change mood, to experience pleasure, or "to dull the hardness of unpleasant 

reality" (Johston, 1987). 

There is a high co-prevalence of eating disorders and substance abuse in human 

beings. Some authors have proposed that a common diathesis, which predisposes 

individuals towards developing both disorders, may exist. One way this might be 

manifested is by an alteration in one or more endogenous neurochemical system(s). 

Neuropeptide Y (NPY) is a peptide neurotransmitter that exists in neurons of the central 

and peripheral nervous systems. Endogenous levels of NPY in the hypothalamus 

increase and decrease in relation to the nutritive state of the organism, and exogenous 

application of NPY results in voracious feeding in sated animals. As well, NPY appears 

to have rewarding effects of its own when injected into the nucleus accumbcns (N.Acc), a 

brain area involved in reward-relevant behaviour. These rewarding effects ostensibly 

depend on the catecholamine neurotransmitter, dopamine @A), as the pre-administration 

of a DA antagonist abolishes them. 

It is possible that the NPY system is disrupted in individuals suffering 6om eating 



disorders and/or substance abuse. In fect, NPY levels have been found to by l e d  in 

both undmveight, and weight-restored, anorexic patients. NPY acting on its own 

receptors in the hypothalamus may underlie behaviour that is activated in response to 

homeostatic need, such as feeding; whiie N. Acc NPY may activate non-regulatory 

feeding (that which results from hedonic, or rewarding, properties of food), and other 

reward-related behaviour through interactions with the DA system. Thus, a disturbance 

in the NPY system might result in a predisposition to find a variety of stimuli more 

rewarding, and might explain the high concordance rate between eating and substance 

use disorders. To test these assumptions, this thesis assessed the effects of hypothalamic 

vs. N.Acc NPY on feeding of a palatable us. a non-palatable food, operant responding for 

sucrose, and place conditioning in rats. In addition, DA's involvement in the NPY- 

elicited responses was evaluated. 

Psvcholonicrrl rationale: The coexistence of eatinn disorders and substance abuse 

Eating disorders include anorexia nervosa, bulimia, and eating disorder not 

otherwise specified, a category which includes the newly established binge-eat ing 

disorder (BED). The American Psychiatric Association's Diagnostic and Statistical 

Manual of Mental Disorders 4* edition (1994) describes the following diagnostic criteria 

for anorexia nervosa: "a rehsal to maintain body weight over a minimal normal weight 

for age and height, the intense fepr of gaining weight or becoming fat (even though 

underweight), a disturbance in the way in which one's body weight, size or shape is 

experienced, and in females, the absence of at least three consecutive menstrual cycles" 

@. 544-545). The criteria for bulimia are: "recurrent episodes of binge eating, a feeling 



of lack of control over eating behaviour during the eating binges, regular use of a purging 

method in order to prevent weight gain, a minimum average of two binge eating episodes 

a week for at least three months, a persistent overconcern with body shape and weight, 

and the disturbance does not occur exclusively during episodes of anorexia 

nervosd9(p. 549-5 50). The last category, eating disorder not otherwise specified, consists 

of disorders of eating that do not meet the criteria for the above two disorders. This 

includes BED, whose criteria are fundamentally the same as bulimia, but does not require 

the use of compensatory mechanisms to counteract the effects of the binges, which are 

characteristic of bulimia @.73 1). 

Some authors have noted similarities in the behaviour patterns that characterise 

certain eating disorders like bulimia and BED, and substance dependence. The DSM-N 

criteria for substance dependence include "a maladaptive pattern of substance use which 

leads to clinically significant impairment or distress, as manifested by three or more of 

the following symptoms occurring in the same 12 month period: tolerance to the 

substance, withdrawal symptoms, the substance is often taken in larger amounts or over a 

longer time period than intended, there is a persistent desire or unsuccesshl efforts to cut 

down or control the substance use, a great deal of time is spent in activities necessary to 

obtain the substance, important activities are given up or reduced because of substance 

use, and/or the substance use is continued despite knowledge of one having problems that 

are likely to have been caused or exacerbated by the substance"(p.181). According to 

some authors, most researchers and clinicians agree that eating and substance use 

disorders have, as a key component, an "unequivocal lack of impulse control" (Garf~nkei, 

Moldofsky, & Garner, 1980). 



Although anorexia nervosa is diagnosed in only 0.54% (Crisp, Palmer, & 

Kalucy, 1976) and bulimia in 3% @rewnowski, Yee, & Krahn, 1988) of young women, 

higher rates are frequently reported in individuals suffering fiom substance abuse 

disorder (Holdemess, Brooks-Gum, & Wmcn, 1994; Knhn, 199 1). Conversely, while 

the lifetime risk of substance abuse in the normal population ranges from a low of less 

than 0.5% for heroin use to a high of approximately 13% for alcohol abuse (Jaffe, 1990), 

the rates in eating disordered individuals are far more inflated (Holdemess et al., 1994; 

Krahn, 199 1 ; Crisp, 1968). In a review of the literature spanning from 1977 to 1992, 

Holderness et al. found that the reported prevalence rates of alcohol abuse in anorexics 

averaged 26% across studies, while in bulimics it averaged 22.99% Drug abuse rates in 

these populations averaged 25% and 1 7.05%, respectively. The rate of anorexia nervosa 

in substance abusing populations was only reported in three studies (2, 5, and lo%), 

while the rate of bulimia was higher, the average being 2 W .  Interestingly, familial 

alcohol and substance abuse rates were reported only for bulimic subjects, and averaged 

39.15% and 18.95%, respectively. More recently, Taylor, Peveler, Hibbert, and Fairburn 

(1993) determined that disturbed eating habits and attitudes, as well as clinical eating 

disorders, were more prevalent in women receiving alcohol treatment than in a 

community sample. Selby and Moreno (1995), studying patients presenting at an 

inpatient treatment unit for eating disorders, divided subjects into subtypes of eating 

disorders or conditions (anorexic, bulimic, obese) and compared each group's rate of 

substance abuse, as well as their familial rates, to that of depressed patients. The authors 

found that bulimic patients reported significantly greater rates of substance abuse (47.6%) 

than either anorexic (20./0), obese (28.1%) or depressed (22.5%) patients. Similarly, 



71.1% of bulimics reported fsmilial substance abuse, while anorexics reported 42.9'?/i 

obese patients 44.4%, and depressed patients only 27.5%. 

The pattern of wmorbidity between eating disorders and substance abuse also 

exists in males, although it is far less reported. Katanm and Marcus (1991), studying 46 

men and 34 women presenting for outpatient substance abuse treatment, found that 20°/0 

of men and 20% of women reported eating disorders. Differences between the genders 

emerged, however, when the method of purging was examined. While women were 

more likely to abuse laxatives and engage in self-induced vomiting, men were more 

inclined to abuse exercise, defined as exercising more than two hours each day, seven 

days a week. Carlat, Camargo, and Herzog (1997) found prevalence rates of substance 

abuse in eating disordered men to be 37%. This number rose to 61% when only bulimics 

were considered. Family alcoholism in this sample of 135 patients was reported by 37% 

of the subjects. 

Several theories exist to explain the co-existence of eating disorders and 

substance abuse. One view sees eating disorders and substance abuse as the expression 

of a common personality disorder (Lacey & Evans, l986), which is characterid by a 

lack of impulse control. While this theory seems to have good face validity, empirical 

validation remains inconclusive. Some authors weary & Heck, 1989) assert that eating 

disorders are forms of psychoactive substance abuse, and anecdotal reports exist of a 

reciprocal relationship between substance abuse and eating disorders, where an 

improvement in one leads to a deterioration in the other (Taylor et al., 1993). On the 

other hand, studies which have attempted to characterise the psychological profiles that 

are common to both substance abusing and eating disordered women have met with little 



success (Grilo a al., 1995; Butterfield & LeClair, 1988). 

Another explanation for the co-existence of the two disorders evolved fiom the 

observation that families of anorexics and bulimics interact more dysfbnctionalfy than do 

families of non-eating disordered individuals (Sargent, Liebman, & Silver, 1985; 

Humphrey, 1986). This theory remains unproven, however, due to the inability of most 

studies to tease apart the temporal associations between eating disorders, substance 

abuse, and affective illness (Holderness et d., 1994). In addition, the fact that genetic 

factors appear to be involved in the phenotypic expression of eating disorders (Strober, 

1991) as well as some forms of substance abuse, particularly alcoholism (Cotton, 1979), 

fbrther cofises the matter. 

A third theory, the self-medication hypothesis, suggests that eating disordered 

individuals begin abusing psychoactive substances in order to cope with the social 

isolation, worry, and dysphoria commonly associated with eating disorders (Holderness 

et al., 1994). Art offshoot of this theory is that both eating disordered and substance 

abusing groups are attempting to self-medicate their underlying symptoms of depression 

(Krahn, 199 1). Indeed, some authors have found lifetime prevalence rates for major 

depression in 70% of bulimic subjects (Walsh, Roose, Glassman, Gladis, & Sadik, 1985), 

a number that rose to 88% when all affective disturbmces were considered. Similarly, 

associations have been documented between depression and substance abuse (Deykin, 

Levy, & Wells, 1986), including alcoholism (Weisman & Myers, 1980), and 

antidepressant medications have been reported to be eRective in treating some eating 

disorders, especially bulimia (Kennedy & Goldbloom, 199 1). Some authors (e.g., Krahn, 

199 1) have proposed that one disorder might lead to an increased susceptibility to the 



other. For example, the food deprived state that increases preferences for sweet, high-fat 

foods (the foods most often included in binges) might also increase one's preferences for 

certain drugs. In a classic study, Franklin, Schiele, Brozdg & Keys (1948) found that 

normal men who received only half of their nonnd caloric intake increased their 

consumption of caffeine and tobacco, the only drugs available to them. Likewise, food 

deprivation in animals leads to preferences for drugs, and has become a standard method 

for establishing drug self-administration (Stewart & Grupp, 1984). 

The proposition that depression or another underlying genetic mechanism might 

be involved in the pathophysiology of eating and substance abuse disorders can be 

investigated using techniques designed to elucidate common biochemical substrates or 

physiological elements of both disorders. Using these techniques, associations can be 

established between behaviour that is characteristic of the disorders and a variety of 

neuromodulators, including rnonoamines, endogenous opioids, and neuropeptides. One 

such neuropeptide that has been implicated in disruptions of eating and other reward- 

relevant behaviour is NPY that, along with its functional interactions with the 

monoamine D4 serves as the focus of this thesis. 

Neuroocotide Y MY) 

Since its discovery in 1 982 by Tatemoto, Carlquist, and Mutt, NPY, a member of 

the 36 amino acid family of pancreatic polypeptides, has been found to have many 

biochemical, physiological, and behavioural fbnctions related to feeding, in addition to 

other effects (Wahlestedt & Reis, 1993). This class of peptides, which also includes 

peptide W (PYY), pancreatic peptide (PP), and the non-mammalian pancreatic peptide Y 

(PY), was so named after avian PP was discovered during the process of isolating insulin 



fiom pancreatic iskt cells (Heilig & Widerlth, 1990). The tam NPY comes from the 

finding that it is abundant in the brain, and that its amino acid sequence ends with a C- 

terminal tyrosine (the Y being the abbreviation for tyrosine in the single letter amino acid 

code). NPY is widely distributed throughout neurons of both the central and peripheral 

nervous systems, and is found in particularly high concentrations in the hypothalamus, a 

structure critically involved in energy homeostasis, and the control of 

neuroendocrine/autonomic systems (Leibowitq 1990). Specifically, the greatest amount of 

NPY is found in the paraventricular nucleus of the hypothalamus (PVN) (Chronwall et al., 

1985). NPY is known to coexist with classical neurotransmitters such as norepinephrine 

(NE), epinephrine (EPI), and serotonin (5-HI') in certain hypothalamic neurons, but not 

with DA (Hokfelt et al., 1987; Kyrkouli, Stanley, & Leibowiy 1990). 

There are two basic types of neurons in the brain that have been determined to be 

NPY immunoreactive (Hendry, 1993): short-axon cells or intemeurons, which are 

predominant in the forebrain and large subcortical regions, such as the striaturn and 

arnygdala; and long-projection neurons, which are found principally in the medulla and A1 

regions of the brainstem and project to the PVN. Another projection area originates in the 

arcuate nucleus and sends ipsilateral projections to the PVN and the dorsomedial 

hypothalamus (Hendry, 1993; Heilig & Widerlov, 1990). The arcuate nucleus also has 

connections with the pituitary, other hypothalamic areas, the limbic system, the midbrain 

periaqueductal gray, and autonomic nuclei of the brain stem. It appears, therefore, that 

centrally-administered NPY's endocrine and vegetative effects result fiom its action at this 

nucleus, as well as through its co~ections with the PVN (Heilig & Widerlav, 1990). 

Apart from the hypothalamus, the N.Acc is an area that has been shown to contain 



some of the highest levels of NPY-like immunorcadvity in the mammalian brain, and the 

greatest density of neurons containing NPY message in the human brain (Hendry, 1993; 

Heilig & Widerlov, 1990; Allen et al., 1983). In facS the concentration of NPY 

irnmunoreactivity in the N.Acc is believed to be regulated by the presence of NPY within a 

system of afferent axons that selectively i~ervates it, possibly the projection from the 

ventral tegmentd area (VTA)(Hendry, 1993). 

NPY and f d i n g  

History: 

One of the many behavioural effects of NPY is induction of f d i n g  in previously 

satiated animals (Clark, Kalra, Crowley, & Kalra, 1984; Stanley & Leibowitq 1984; Kalra, 

Dube, & Kalra, 1988; Paeq Nyce, & Myers, 199 1; Paez & Myers, 1991 ; Pich et al., 1 WZ), 

with the perifornical hypothalamus (PFH) being the most sensitive injection site (Stanley, 

1993; Stanley, Magdalin, Seirafi, Thomas, & Leibowitz, 1993; Currie & Coscina, 1995, 

1996; Brown & Coscina, 1995). The orexigenic effect of NPY has been observed in many 

species (Steinman, Fujikawa, Wasterlain, Cherkin, & Morley, 1987; Morris & Crews, 

1990; Nakaj ima et al., 1990; Okita a al., 1990; Paez & Myers, 199 1; Miner, l992), and is 

due to an increased motivation to eat rather than pathological or stimulus-bound eating. 

For example, MY-injected mice will ingest more milk when required to work for it in a 

lever press apparatus, will tolerate more shock to the tongue for drinking milk than saline- 

treated controls, and will overcome a taste aversion for quinine-adulterated milk (Flood & 

Morley, 199 1). 

Due to its large molecular size, it is difficult, if not impossible, for NPY (and other 

peptides) to cross the blood-brain barrier. A study by Levine and Uorley (1984) found that 



NPY has no feeding-stirnulatory effects when injected intrapmitoneally (I.P.), mggesting a 

central mechanism of action of this peptide. Therefore, studies looking at the feeding- 

stimulatory effixts of NPY have employed the cmtral injection technique. 

The first study to examine whether NPY causes changes in feeding behaviour was 

conducted by Clark et al. (1984). These researchers found that injecting NPY into the third 

ventricle of ovariectomised female rats induced a significant increase in feeding behaviour, 

thus implying that NPY, or a closely related pancreatic polypeptide-like neuropeptide, 

plays an important role in neural regulation of food intake. Following this observation, 

Levine and Morley (1984) and Clark, Kalra, and Kalra (1985) replicated the finding by 

injecting NPY into the third ventricle of male rats. Both studies found that NPY increased 

feeding in a dose-related manner during the light phase of the light/dark cycle, the period 

when rats typically ingest small amounts of food. Stanley, Chin, and Leibowitz (1 98 5) 

decided to explore more specifically NPYs site of action using a mapping technique that 

considered seven different brain regions. Results of this study indicated that NPY acts at 

the hypothalamus. Food intake resulting from injections into hypothalamic regions (i.e., 

PVN, ventromedial hypothalamus, lateral hypothdmus (LH), medial preoptic area) 

increased by over 300% as compared to extra-hypothalamic regions (i.e., amygdala, 

periaqueductal grey, thalamus) and saline-treated controls. Further investigations by 

Stanley and Leibowitz (1984; 1985) pinpointed MY'S site of action as the PVN. Since 

then, the PVN was considered the most sensitive site of action of exogenous NPY. More 

recently, however, Stanley et al. (1993), o b d n g  that effects produced by PVN injection 

of NPY were no greater than those injections at any other hypothalamic site (Stanley et al., 

1985), cartied out an extensive mapping study to find the exact location of NPYs effect. 



Using a microinjection technique that allowed the researchers to inject solutions in a very 

small volume (10 nl as opposed to the usual 300-500 nl), and thereby reduce the spread of 

drug &om the injection site, Stanley et al. found that the PFH, at the level of the caudal 

PVN, is the most sensitive hypothaiarnic site for NPY-induced eating. Furthermore, 

injections bracketing the PFH in all directions were substantially less effative. Similar 

results are found when the feeding response remlting from NPY injections in the PVN and 

the PFH are compared (Brown & Coscina, 1995; Currie & Coscina, 1995, 19%). The PFH 

has relatively dense concentrations of NPY-terminal immunoreactivity, particularly 

overlapping hypothalamic neurons that project to brain stem autonomic nuclei (Gray et al., 

1986). The axons fiom NPY brain stem neurons traverse the PFH en route to the PVN 

(Stanley, 1993), suggesting that it may be the PFH, and not the PVN, which is responsible 

for the eating-stirnulatory e m s  of NPY. It is aurently unknown whether the axons 

traversing the PFH provide synaptic NPY input to this region. It is interesting to note t h e  

although some NPY neurons have been shown to make classical synaptic connections, 

many imrnunoreactive terminals exist as free nerve endings (Heilig & Widerlov, 1990), 

making it possible for NPY to exen post-junctional effects at some distance from its site of 

release. In fact, in their praise mapping study, Stanley et al., (1993) determined the 

latency to eat in the PFH to be between 18.6 and 23.4 rnin., while all other sites (including 

the PVN) had mean latencies of over 33 min. These results suggest that diffusion into the 

PFH fiom PVN-aimed cannulae may be responsible for the observed eating effects. 

Receptor subtypes: 

Although hampered by the lack of selective antagonists, the search for NPY 



receptor subtypes has taken place by comparing the e f f w  of NPY with various 

peptidergic agonist analogues. These compounds include various fragments of the parent 

peptide, as well as several chemically related peptides such as P W  and PP. Using this 

technique, researchers have discovered at least five distinct receptor subtypes for NPY. 

The term Y 1 was introduced to refer to the receptor that required the whole NPY or PYY 

molecule for activation, while Y2 refers to the receptor that is activated only by the C- 

terminal NPY fiagrnents, like NPY2.= and NPY- (Larhammar, 1996; Wohlestedt & 

Reis, 1993; Wahlestedt & Heilig, 1995). Y3 receptors were later distinguished on the basis 

that some actions of NPY could not be mimicked by P W  (Michel, 199 1). This was 

followed by the discovery of the Y4 receptor (Bond, Walker, Branchek, & Weinshank, 

1995) which, based on its high affinity for rat and human PP, was suggested not to be 

classified as a pure NPY receptor. The search for NPY7s "feeding receptor" continued to 

be fbelled by reports of feeding effects of NPY and some of its fragments, such as MY2-%, 

which differed from their effects at the Y 1 receptor. Recently, such a receptor, termed the 

Y5 receptor, was cloned from rat hypothalamus (Gerald et al., 1996). This receptor is 

down-regulated in animal models of obesity such as the obese Zucker rat (Widdowson, 

1997), and its gene transcript is expressed in the PVN and lateral hypothalamus, two brain 

areas implicated in feeding (Gerald et al., 1996). Additionally, NPY YS receptor antisense 

oligodeoxynucleotides decrease fasting-induced meal size and duration, as well as prevent 

the increases in hypothalamic NPY levels found during food deprivation (Schaflhauser et 

al., 1997). 

NPY and eating disorders: 

Cerebrospinal fluid (CSF) levels of NPY are elevated in undenveight amenorrheic 



anorexic patients. Xn many of these amenonheic patients, this elevation persists for up to 

six weeks of weight restoration (Kayt, Berretini, Gwirtsman, & George, 1990). As 

anorexics typically display paradoxical attitudes towards diet, resisting food intake while 

being obsessively preoccupied with food, increased NPY levels arc posited io reflect a 

homeostatic signal that attempts to stimulate feeding behaviour. Alternatively, increased 

NPY levels may reflect a secondary, compensatory response to food restriction. Indeed, 

in the same study, a significant inverse relationship between caloric intake and CSF NPY 

levels was found in normal female controls. A third explanation for these results is that 

NPY is involved in the accompanying menstrual dysregulation, as normalisation of 

menstrual fbnction was associated with normalisation of CSF NPY levels. 

NPY and reward 

The capacity of a stimulus to be rewarding has been defined as its ability to elicit 

approach behaviour, as well as its ability to increase the probability that the responses 

preceding it will be repeated (Carr, Fibiger, & Phillips, 1989). NPY has reinforcing, or 

rewarding, effects of its own. Josselyn and Beninger (1993) found that NPY produced a 

conditioned place preference (CPP) in rats when injected in a low dose into the N.Acc. In 

this paradigm, one distinct environment is paired with a specific drug injection while a 

second environment is paired with injection of saline. hning the testing phase, the non- 

drugged animal is allowed access to both environments. If an animal spends significantly 

more time in the environment that was previously paired with the drug a place preference 

is said to occur, indicating rewarding, or reinforcing, effects of the bug.  The CPP effect of 

NPY was blocked by pretreatment with a-flupenthiuol (FLU), a DA receptor blocker. The 

authors conclude that NPY applied to the N.Acc is rewarding, and that these rewarding 



pmperties may be mediated by increased DA neuroMssion.  

NPY, when injected intracer&roventrcularly (icv) in satiated rats, has bem found 

to increase fd-reinforad operant responding on both fixed ratio (FR) (Jewett, C l q ,  

Levine, Schaal, & Thompson, 1992) and progressive ntio (PR) schedules of reinforcement 

(Jewett, Cleary, Levine, Schaal, & Thompson, 1995; Jew* Schaal, Cleary, Thompson, & 

Levine, 1991). The PR schedule has been used to determine an organism's motivation to 

respond for rewarding stimuli (Roberts & Richardson, 1992), and dernands that response 

requirements escalate during each experimental session, allowing bar-pressing behaviour to 

extinguish in each animal on each day (Robatq 1992). The final ratio of responses emitted 

by an animal is defined as the 'breaking point" (Roberts & Richardson, 1992). Typically, 

drugs that increase the sensitivity of the mesolimbic DA system increase breaking point 

as the dose of drug is increased @chardson & Roberts, 1996; Roberts & Bennett, 1993). 

As well, high (i.e., 95%) sucrose content in reward pellets results in increased breaking 

point when it is compared to low (i.e., 1%) content, and these eff-s are blocked by DA 

receptor antagonism (C heeta, Brooks, & Willner, 1995). Following NPY administration, 

breaking points increase, and are comparable to those obtained from animals food-deprived 

for 3648 hrs. However, insulin and 2-deoxygluwse, which also increase food intake, have 

no effects on breaking points (Jewett et al., 1995), indicating that NPY may change the 

reinforcing value of food in ways unrelated to homeostatic mechanisms regulating nutrient 

intake. 

Mcsolim bic do~amint 

D4 one of the catecholamine neurotransmitters, is present in neurons of the central 

nervous system. DA neurons which project to forebrain areas originate in three cell groups 



that M labelled Au, As, and and are classified on the basis of their topographic 

location (Di Chiara, 1995). The two DA systems that are most commonly referred to are: 

the nigrostriatal DA system, which sends wons fiwn the substantia n i p  (&) to the 

caudataputamen, and is important in the control of movement; and the mesolimbic DA 

system (see Figure 11, whose neurons originate in the W A  (A9, Ale) of the midbrain and 

project to various forebrain areas, including the N.Acc (Ungcntedt, 197 1). This group of 

cells is best known for its involvement in motivational and reward processes (Roberts, 

1992). Because of this, the mesolimbic DA system, and its possible interactions with NPY, 

is of considerable interest. 

Fimre 1.  The mesolimbic dopamine system. 
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Maolim bie donamine and fmling 

DA neuroban~mission appears to play a central role in food reward. One way in 

which this hypothesis has been tested is by making knife cuts or lesions that deplete DA in 

specific brain arw and observing resultant feeding behaviow. Alheid, Mdknnott, 

Kelley, Waris, and Grossman (1977) looked at deficits in fwd and water intake &u knife 



cuts positioned either ventral or medial to the striaturn, a brain area that includes the N. Acc. 

Rats that received cuts on the pclrasclgmal plane at the lateral edge of the lateral 

hypothalamus exhibited profound weight loss post-sum, and n m r  returned to baseline 

control levels. Furthermore, these rats demonstrated prolonged periods of aphagia and 

adipsia, in addition to deficits in responding to different types of glucoprivic and 

hydrational challenges. All cuts that interfered with striatal connections depleted DA from 

the striatum, with the parasagittal cuts resulting in the most severe effects (13% of control 

values). 

In viw microdialysis studies have shown that extracellular levels of DA and its 

metabolites in the N.Acc increase following food presentation and elecbical stimulation of 

the LH which stimulates feeding (Hernandez & Hoebel, 1988). More recently, Martel and 

Fantino (19%) found that levels of DA and its metabolites in the N.Acc rose during 

ingestion of a highly palatable diet. The amount of DA released was positively correlated 

with the amount of food ingested, which, the authors propose, suggests a role for 

mesolimbic DA in food reward. Other authors have found increased N.Acc and striatal DA 

metabolism following consumption of a nutritive meal, but no effects following ingestion 

of a non-nutritive saccharin solution (Blackbum, Phillips, Jakubovic, & Fibiger, 1986). 

These results suggest that post-ingestional factors, and not simply taste hedonics, are 

important for DA-dependent feeding. 

Other evidence for DA's involvement in feeding behaviour comes from the finding 

that low doses (i.e., those which do not produce non-specific behavioural activating effects) 

of amphetamine (AMPH), an indirect DA agonist that acts by increasing the release and 

blocking the reuptake of Dq reliably increase food consumption in rats when injected 



either peripherally (Evans & VPccuino, 1990) or centrally into the N.Aa (Evans & 

Vaccarino, 1986; Sills, Baird, & Vaccarino, 1993). When given a choice between different 

food types, rats receiving AMPH will typically increase their consumption of nutritive, 

palatable foods, such as carbohydrates (Evans & V&o, 1990). It is clear that the 

orexigenic effects of AMPH depend on DA transmission: pretreatment with FLU 

attenuates AMPH-induced increases in sugar consumption (Evans & Vaccarino, 1990), and 

feeding is observed following administration of &amphetamine, but not I-amphetamine, 

which is two to five times less potent at releasing DA(Evans & V a d n o ,  1987). 

The effects that DA has on feeding behaviour appear to be confined to specific 

aspects of that behaviour. For example, DA receptor blockade with haloperidol has been 

found to decrease electrically stimulated feeding behaviour, while having no effect on 

deprivation-induced feeding (Phillips & Nikaido, 1975). These authors postulate that brain 

stimulation-induced feeding may be subserved by the activation of one or more specific 

subsystems that are normally involved in the regulation of food intake. Similarly, tail 

pincbinduced eating, gnawing, and licking behaviour (which parallels stimulus-bound 

eating) is blocked by haloperidol, pimozide, and spiroperidol pretreatment (Antelman, 

Szechtman, Chin, & Fisher, 1975). It is possible that the subsystem in which DA is 

involved is one related to the rewarding aspects of food. One study that provides support 

for this hypothesis utilised microdialysis methods to study DA release and metabolism in 

the N. Acc of behaving rats (Salamone, Cousins, McCullough, Carriero, & Berkowi~ 

1994). Rats that pressed a lever on a FRS schedule showed significant increases in 

extracellular DA and D A metabolites compared to fooddeprived controls. Furt hennore, 

the increase in DA levels was not simply related to the action of ingesting food, as rats 



receiving massed presentation of food pellets consumed large quantities of food, but 

showed no significant increase in DA release. Thus, increases in N. Acc DA that 

accompany operant responding may ficilitate the ability of an organism to overvme 

obstacles, or response costs (Salamone, Cousins, & Snyder, 1997), that separate it from 

significant stimuli (such as food, or drugs). 

Other authors have proposed that DA systems may be involved in the preparatory 

behaviour associated with feeding. Metoclopramide (a D A antagonist) significantly 

attenuated conditioned preparatory responses to a conditional stimulus signalling delivery 

of a meal, while affecting consummatory behaviours only at the highest dose (Blackburn, 

Phillips, and Fibiger, 1989). Similar effects have been found using voltammetry to monitor 

N.Acc DA transmission during lever pressing for milk reward (Richardson & Gratton, 

1996). These authors concluded that N. Acc DA neurons are activated primarily in 

response to the incentive, rather than the reinforcing, properties of rewards due to the 

finding that greater increases in DA activity were observed in the period preceding each 

lever-press than during presentation of the reward itself. Likewise, presentation of a 

conditional stimulus predictive of food is associated with an increase in the 

chronoamperometric response to DA; however, this response remains elevated during and 

following meal consumption (Phillips, Atkinson, Blackbum, & Blaha, 1993). Finally, rats 

that have been conditioned to associate a taste with intragastric administration of a nutritive 

substance show elevated DA levels in the N.Acc following presentation of the conditioned 

stimulus as compared to unconditioned controls receiving the same treatment (Mark 

Smith, Rada, & Hoebel, 1994). 



Mesolimbic do~imine and m a r d  

A variety of drugs that are seKadministered by animals and human beings have 

been demonstrated to elicit an increase in N.Acc D4 as measured by mimdialysis. This 

includes, most notably, cocaine (Weissy Markou, Lorang, & Koob, 1992), and AMPH @i 

Chiara & Imperato, 1988), but also encompasses other drugs such as ethanol @i Chiara & 

Imperato, 1985), nicotine (Brazell, Mitchell, Joseph, & Gray, 1990), and opiates (Di Chiara 

& Imperato, 1 988). N. Acc DA activity following the self-administration of heroin, 

however, as opposed to acute, experimenter-given injections, has been found to remain 

unchanged (Hemby, Martin, Co, Dworkin, & Smith, 1995), indicating contradictory results 

for this class of drugs. 

Another paradigm used to assess reward processes is the electrical stimulation of 

certain brain structures, or brain stimulation-reward (BSR). This procedure has been used 

to reinforce behaviour in many species, from goldfish, pigeons, rabbits, dolphins, rats, and 

chimpanzees to human beings (Rolls, 1975). The systemic administration of DA 

antagonists blocks the effects of BSR, while apparently leaving motor systems intact. 

Fouriezos and Wise (1976) injected rats with pimozide, a DA receptor blocker, and showed 

that subjects would cease responding for BSR in a manner analogous to that which occurs 

when the reinforcement is terminated or withheld. The rate of responding would initially 

be high, then gradually decrease until it eventually extinguished, indicating that subjects 

were capable of responding, but chose not to. Using rate of responding as the dependent 

measure was initially criticised by Valenstein (1%4), who said that rate has a behavioural 

ceiling; that is, a maximal rate at which the organism can lever-press. Using this method, 

any hrther increase in the rewarding effect of the stimulation, therefore, will not be 



n&d. U&ig rbc frequency threshold method, one that circumvents the problems 

associated with ratelimiting aspects of BSR, Stellar, Corbett, and Hamilton (1 985) found 

that N.Acc injection of FLU, in doses that lee motor fundioning intact, produced more 

than a 30?4 reduction of medial forebrain bundle Jtimulation reward, as measured by an 

increase in the frequency threshold required to elicit self-stimulation. 

Just as DA antagonists reduce rewarding brain stimulation, the administration of 

DA agonists enhances it, providing fbrther evidence of DA's role in reward processes. 

Gallistel and Karras (1 984) found that AMPH administration dose-dependentl y decreased 

the frequency at which rats would lever-press for BSR Cocaine also facilitates BSR by 

lowering freguency thresholds when administered in moderate doses (Mddonado-Irizarry, 

Stellar, & Kelley, 1994; McGregor, Atrens, & Jackson, 1992), an effect that was reversed 

by DA antagonists such as (+)-UII232 (Kling-Petersen, Ljung, & Svensson, 1994). Other 

DA agonists, such as GBR-12909, a reuptake blocker like cocaine, also decrease thresholds 

(increase reward) at medium doses (MPIdonado-Irizarry et PI., 19 94). 

Interaction between NPY and donamint 

Anatomy: 

Support for an anatomical link between NPY and DA comes fiom labelling studies. 

Using double immunocytochemistry, Kubota a d. (1 988) found that NPY-immunoreactive 

neurons receive synaptic inputs fiom DA-ergic axon terminals in the rat neostriatum. 

These authors suggest that nigrostriatal DA neurons may monosynaptically influence NPY 

neurons in the striaturn. Furthermore, the expression of NPY immunoreaaivity in the 

N.Acc has been determined to be under the influence of the DA-ergic mesencephalic 

pathway. Unilateral 6OHDA lesions of the nigral DA-ergic neurons induced a bilateral 



decrease in the NPY density which was more marked in the con tn la td ,  rather than the 

ipsilateral, N. Acc (Salin, Kerkerian, & Nieoullon, 1990). These results, along with the 

discovery of synaptic associations between tyrosine hydroxylw (a synthetic enzyme of 

DA and NE) immunoreactive terminals and NPY immunoreactive neurons within the 

N.Acc (Aoki & Pickel, 1988), provide support for the notion that fim*ional catecholarnine- 

NPY interactions occur within this stnrcture. Finally, cocaine reliably increases NPY-like 

immunoreactivity in the rat hippocampal dentate gyms (an area that does not normally 

express NPY) and decreases it in the adjacent dentate hilar interneurons (that normally do 

express it) when it is given at doses that produce seizures (Goodman & Sloviter, 1993). 

The increases in dentate gyms NPY-like immunoreactivity appeared to be dependant on 

whether the dose of cocaine produced seizures, as electrical stimulation of the perforant 

path resulted in similar increases. No decreases in NPY-like immunoreactivity in dentate 

hilar interneurons were found following this treatment, however, indicating either that 

cocaine may be having direct effects on NPY levels, or that electrical stimulation may not 

completely mimic the seizures induced by cocaine. 

Neurochemist ry : 

When NPY is injected icv, it significantly reduces striatal and brain stem DA 

turnover in a-methylparatyrosine (a-MPT) pretreated rats. a-MPT is a compound which, 

when injected I.P., inhibits the synthesis of catecholamines, thereby reducing their levels in 

most brain areas. The icv administration of NPY lessened the reduction of DA in the brain 

stem and striatum, indicating that NPY modulates the synthesis of DA turnover in the CNS 

(Vallejo, Carter, Biswas, & Light man, 1 987). Co~esponding 1 y, a-MPT administration, as 

well as treatment with haloperidol, results in significant decreases in both the number, and 



staining intensity, of NPY-containing cells in the striatun ( K c r k m ~ ,  Salin, & Nieoullon, 

1988). NPY administration icv also results in increases in striatal DA in fraly moving rats 

when a voltammetric method is used to measure catecholamines (Kerkaian-Le Goff et al.. 

1 WZ), reaching maximal levels 1 hr a f k  the peptide injection. DA release in sumomding 

brain tissue is also enhanced significantly in unrestrained animals when microdialysis 

procedures are used following NPY infusion into the lataal ventricle (Matos, Guss, & 

Korpinen, 1996) or the hypothalamus (Myers, Laddord, & Roscoe, 19%; Myers, 

Lankford, & Paeq 1992). The same occurs when NPY is injected into the striaturn (Bed, 

Frank, Ellison, & Martin, 1986) or the lateral ventricle (Heilig, Vksii, Wahlestedt, Alling, 

& Widerlov, 1990) and brain tissue DA levels are measured sr vivo, by high performance 

liquid chromatography (HPLC) analysis. These results support the notion that DA fbnction 

is modified by NPY, and raises the possibility that DA may be involved in the expression 

of NPY's behavioural effects. 

Peripheral metamphetamine administration stimulates the release of NPY from 

the PVN of rats within 30 to 60 min post-injection (Yoshihara, Honma, Mitome, & 

Honma, 1996). On the other hand, NPY levels are significantly reduced in the N.Acc and 

the cerebral cortex of rats given repeated administrations of cocaine over a two week 

period (Wahlestedt et al., 1991). Interestingly, these reductions parallel those of DA in 

the same brain areas after the same treatment, indicating that whatever process is 

affecting one system might be affkcting the other. These authors speculate that the 

analogous reductions in DA and NPY may relate to the anxiety and depression associated 

with cocaine withdrawal in humans. 



Bebrviour: 

NPY has been shown to have anxiolytic effects in animal models of anxiety 

(Broqua, Wettstein, Rocher, Gauthier-Martin & Junien, 1995; Heilig, Sdderpalm, Engel 

& Widerltlv, 1989) and depression (Song, Earley, & Leonard, 1996). D e c r d  CSF 

NPY levels have also been found in patients suffering from depression (Nilsson, 

Karlsson, Blennow, Heilig, & Ekman, 1996; Widerlov, Lindstrom, Wahlestedt, & 

Ekrnan, 1988) and are associated with increased levels of anxiety (Widerlov, Heilig, 

Ekrnan, & Wahlestedt, 1989). 

Other behavioural studies have examined the interaction between NPY and DA and 

found similar patterns of results. The reinforcing effects ofNPY appear to rely on DA 

activity. As stated above, when NPY is injected into the N.Acc, a CPP is produced, and 

this effect is blocked by co-administration of FLU (Josselyn & Beninger, 1993). Moore, 

Merali, and Beninger (1990), studying circling behaviour in rats, found that unilateral 

striatal NPY injections dose-dependently increased contralateral circling behaviour similar 

to the turning behaviour that occurs following unilateral striatal injections of DA agonists 

such as AMPH (Moore et al., 1990). Furthermore, Moore et al., using in vivo 

microdialysis, found similar levels of intrastriatal DA metabo!ites as did Beal et al. (1 986) 

after NPY injection. 

Summa y: 

Based on the above evidence, it is clear that NPY and DA interact, with NPY 

administration in some brain areas resulting in incread DA levels, and NPY inhibition 

having the opposite effect. Similarly, inhibit ion of the DA system results in significant 

decreases in NPY expression, while increases in DA stimulate NPY release. One way in 



which NPY may be imashg CNS DA levels i s  by inhibiting the ldivity of dopamine-6- 

hydroxylase (DBH), the synthetic enzyme of NE. Cheng, Chang, and TsPi (1992), using a 

chromatographic analysis of NE formation from DA in vibo, found that NPY application 

resulted in dose-dependent decreases in NE formation. They concluded that NPY might be 

acting as an endogenous inhibitor of DBH in vesicles where it is co-stored with NE. There 

are also reports that NPY applied to rat N.Acc in viho produces m increase in the basal 

activity of tyrosine hydroxylase activity (Westfall & Vickay, 1994). Alternatively, NPY 

may modulate DA release by means of a 01-like receptor, as NPY-enhanced DA release 

fiom rat striatal slices (Ault & Werling, 1997), and NPY enhanced N-methyl-D-asparate 

(NMDA)-stimulated DA release fiom N. Acc slices (Ault, Radeff, & Werling, 1998) are 

reversed by known a1 antagonists. 

NPY. dooarnine. and f d i n g  

The orexigenic effects of NPY may be due to a direct action on Y5 receptors 

(Gerald et al., 1996) or to an indirect action ofNPY on other neurotransmitters such as DA 

or NE, either presynaptically through modulation of the release of monoarnines, 

postsynaptically through modulation of the monoaminergic effector response, or through a 

direct receptor-receptor interaction (Leibowitr, 1989). 

A role for DA in the foeding-stirnulatory action of NPY was suggested by Myers a 

d. (1992). Using HPLC analyses, these authors found that, during PFH NPY-induced 

feeding, the release of both NE and DA fiom the PFH was enhanced significantly. They 

concluded that the functional role of NPY in neurons involved in fetding revolves about its 

action on afferent synapses of either NE-ergic and/or DA-ergic neurons in the 

hypothalamus. This finding suggests a presynaptic action of NPY on DA release, rather 



than a post-synaptic effect on receptors; although the latter cannot be ruled out completely 

due to possible interneuronal feedback loops that may be activated by NPY. Reoently, 

similar results wae obtained when NPY was infused through push-pull cannulae in the 

preoptic area of the hypothalamus (Myers d al., 19%). In this study, DA levels were 

increased following NPY injections that resulted in increased feeding behaviour but not 

after injections that elicited hypotherrnia alone or hypothennia and feeding. This indicates 

that the rise in DA levels following NFY administration is specific to its effkts on fd ing .  

This idea received hrther support fiom a study in which DA levels in the hypothalamus 

increased during icv NPY-induced feeding while other neurotransmitter levels, such as 5- 

HT, remained unchanged (Matos et al., 1996). 

More evidence for DA's role in NPY-induced feeding comes fiom studies using DA 

antagonists. In a study examining the effects of monoamine antagonists on NPY-induced 

food intake, Levine and Morley (1984) found that NPY induction of food intake was 

markedly suppressed by peripheral administration of the DA antagonist haloperidol, as well 

as the opiate antagonist naloxone. The a-adrenergic antagonist phentolarnine failed to 

suppress NPY-induced feeding. At a dose of 1.0 m a g ,  haloperidol significantly 

suppressed NPY-induced fwd intake at 1,2, and 4 hrs post-injection, while the 0.1 mglkg 

dose attenuated feeding only at 1 hr post-injection. In addition, NPY-induced water intake 

was suppressed by both the 0.1 and 1.0 mgkg doses. The authors caution, therefore, that 

the doses used may have resulted in non-specific suppression of food intake. 

Some studies have found that the inhibition of DA synthesis in the hypothalamus 

aaually potentiates the NPY feeding response Qyrkouli, Stanley, Hutchinson, Seirafi, & 

Leibowitz, 1990). As well, when AMPH is injected into the PFH, the feeding effects of 



NPY ue d w d ,  m Sect  Ult is Mocked by a DA, but not NE, antagonist (Gillard, Dang, 

& Stanley, 1993). These ruthom also found that a maximally effktive dose of DA alone 

reduced the NPY f d i n g  response by 40%; however, it did not abolil it completely. It 

was concluded that NPY and DA interact in an antagonistic manner in the PFH, an area 

where DA acts primarily to inhibit feeding (Leibowitz, 1975; Hoebel, 1985). 

Two motivations for fedinn bthrviour: Rcnulatorv vs No-remrlrtow 

There is no doubt that ingestive behaviour is a complex and mul t i - f ad  

phenomenon. The notion that it results due to myriad heterogeneous intrinsic and extrinsic 

factors is difficult, if not impossible, to deny. A person need only think of their own 

feeding behaviour to acknowledge that there are times when one eats to alleviate the 

unpleasant sensations of hunger such as a growling stomach, shakiness, dizziness, or 

weakness. At other times, they indulge in a pleasant-tasting food, such as a dessert, even 

though there is no nutritive need, and no accompanying unpleasant sensations. The 

intrinsic state of hunger is accompanied by a number of tangible physiological sequelae 

including: decreased oxygen utilisation; reduced respiratory quotient (RQ), the proportion 

of carbon dioxide produced to oxygen consumed (Kleiber, 1975); d e m a d  glucose 

utilisation; a reduction in body temperature; and a lower overall metabolic rate (Le 

Magnen, 1985). Some authors have labelled the feeding behaviour that arises for 

homeostatic reasons "regulatory" feeding, as opposed to "non-regulatory", which occurs in 

non-deprived animals in response to such manipulations as tail-pinch (Mittlemon, Rushing 

& Winders, 1993) and electrical stimulation of the LH (Mittlemn, Castaneda, Robinson, 

& Valenstein, 1986). Other non-reguiatory feeding behaviour includes that which occurs 

in an organism that is sated with one specific fwd type but will still ingest a different food 
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type u wdl as rate i ts taste more positively than the iniriJ food, r phenomenon called 

"sawry-Ipscific Spiety" (Johnson & Vickers, 19%; Bmidge, 199 1). For the purpo= of 

this thesis, two motivations for feeding behviour will be considered and tested: the one 

that occw as a result of hunger is tamed "regulatory" feed@, while thu which ocoln 

due to hedonic, or rewarding, propaties is d l cd  "non-regulatory". As displayed in Figure 

2, these motivators need not be mutually exclusive: it is povible for fkding behaviour to 

arise due to one, or both, fhctors. Furthermore, while hunger is lccompanied by certain 

homeostatic, physiological correlates, reward is a w n m t  hypothesiscd to be reflected in 

paradigms other thrn fttding, such as self-adminirmtion and approach bchaviour d i r s a d  

towards the stimulus. 

F r e 2 ,  The two motivators of feading behaviour. 

administration 

l a . ,  decreased RQ - decreased body 

These ddnitions camspond to the two &vaton d d b e d  by Kiuileff(l991): 

the intsnnllydrivcn, motivating behavioud eAccu of food deprivation, and the 



rewarding, or extanally propelled, motivators of f d g .  Thew, K i d &  rssats, arc 

representative of two basic "paradigms" that arc intimately involved in ingestive behaviour: 

regulation and reward. These fktors also parallel the interaction between intcrnal states 

and both unconditional and conditional i n d v e  stimuli put forward by Toates (1994), that 

underlies the incentive motivation model of feeding behaviour. Booth, Gibson, Toase, and 

Freeman (1994) acknowledge that an appetite for food is a desire to ingest "small objects or 

pieces of materials that have acquired personal significance &om fmiliarity, nutritional 

benefit, and social and emotional value" @. 106), indicating that a number of motivating 

variables can direct feeding behaivour. 

Some classes of drugs, such as the benzodiazepines, increase food intake not by 

inhibiting satiety or increasing hunger, but by increasin~ the "positive hedonic evaluation7' 

of ingested food (Cooper & Higgs, 1994). As stated earlier, apart fiom its involvement in 

most reward-related behaviours, DA appears to be fundamentally involved in reward- 

driven feeding behaviour. DA antagonists have been determined to decrease the "reward 

quality" or incentive value of food (Wise, Spindler, de Wit, & Gerber, 1 W8), and some 

authors have speculated that endogenous DA may be involved in eating which occurs over 

and above normal preferences and intake (Evans & Vaccarino, 1990). Others have posited 

that separate neurobiological reward systems underlie the motivated behaviour that results 

when an organism is in a deprived vs. a non-deprived state (Nada, Bechera, & van dm 

Kooy, 1997). Interestingly, these authors found that DA antagonism afkcts reward 

processes that OCCUT in deprived states, while lesions of the tegmental pedunculopontine 

nucleus (TPP), but not DA antagonism, affect those that ocau in non-depved states. 

Support for DA involvement in non-regulatory feeding behaviour also comes fiom studies 



in which rats that est in response to electrical stimulation of the LH also show increased 

behavioural sensitisation to repeated AMPH administrations compared to rats that do not 

display stimulation-induced feeding (Mittlernan a PI., 1986). In addition, footshock stress, 

which is known to produce increases in forebrain DA utilisation, did so more in rats 

exhibiting stimulation-induced feeding than in those not exhibiting feeding behaviour. 

W Y  and its effects on f d i n n  and reward: An inatomicai and functional model 

Pursuant to the above definitions, an anatomical and h n c t i o ~ l  model is now 

proposed, which will be used to generate and test certain hypotheses related to the effects 

of NPY on regulatory vs, non-regulatory feeding and other measures of reward (see 

Figure 3). PA outlined above, the PFH is a site where NPY has been shown to have its 

strongest effects on f d i n g  behaviour (Stanley et al., 1993), while the N.Acc seems to 

underlie its rewarding effects, as measured by CPP (Josselyn & Beninger, 1993). 

Anatomically, the PFH has direct connections with the N.Acc (Zahm & Brog, 1992) as 

well as the midbrain VTA (Hoebel, 1984), which contains cell bodies of ascending DA- 

ergic neurons projecting to the N. Acc. It is possible, therefore, that NPY has effects in 

the PFH which either directly or indirectly affect mesolimbic DA function. Such an 

alteration might be expected to be associated with changes in reward-relevant behaviours 

@i Chiara, 1995; Wise & Bozarth, 1987; Glickman & Schiff, 1967). Therefore, NPY in 

the PFH is hypothesised to be involved primarily in regulatory feeding while possibly 

having some concomitant effects on non-regulatory feeding due to its general effects on 

hunger. DA levels, if affected by NPY in the PFH, are not expected to contribute to this 

response, but would likely be involved in accompanying, non-ingestive behavioun, such 

as increased locomotion. On the other hand, NPY in the N.Acc is hypothesised to be 



involved primarily in non-regulatory fading a d  reward, an effect likely mediated by its 

direct actions on DA-containing neurons. What follows is a review of the evidence for 

the role NPY plays in each, the hypotheses to be tested, and the manner in which these 

hypo theses will be tested. 



-re 3, An anatomical and funaional model of NPY's effects on regulatory vs. non- 

regulatory feeding behaviour and reward following its injection into either the PFH or the 

N. Acc. 



NEUROPEPTIDEY 

-- DA-Independent 
- possibly mediated by 

receptors in the hypothalamus 

NON-REGULATORY FEEDING AND REWARD - DA-dependent (through 
connections with the NACC) 

NEUROPEPTIDEY 

Nucleus Accumbens 

REWARD AND NON-REGULATORY FEEDING 
- DA-dependent 

REGULATORY FEEDING 
-- unknown 



NPY injected into the hypothalamus is believed to increase food intake by acting to 

inhibit satiety mechanisms or, likewise, to increase hunger. Meal size and duration 

following hypothalamic NPY administration increase while both the number of meals eaten 

and the rate of feeding remain unchanged (Leibowitz & Alexander, 1991). Recment 

perhion of NPY in the hypothalamus, unlike the stimulating effects of other neuroactive 

factors, produces eating behaviour that is not satiable as long as the level of NPY is 

chronically elevated Qaez & Myers, 1991). The inference that NPY inhibits satiety and 

increases hunger is also supported by the finding that hypothalamic NPY administration 

results in increased intake of nutritive foods but not non-nutritive ones. Stanley (1993) 

found that rats injected with NPY in the PVN increased their intake of glucose, which is 

sweet and nutritive, and carbohydrateMD, a non-sweet nutritive solution, while leaving 

consumption of saccharin (sweet and non-nutritive) unaffected. Parenthetically, 

intravenous injections of glucose decrease hypothalamic NPY-elicited food intake to an 

extent that is equivalent to the caloric value of the infusion (Rowland, 1988). Fructose, 

which does not cross the blood-brain barrier, is not effective at decreasing the NPY-elicited 

food intake, indicating that the satiating effect of food on NPY-induced fecding might be 

mediated by the actions of nutrients directly on CNS neurons. 

NPY appears to have effects on metabolic and endocrine factors in addition to 

being a physiological signal that stimulates fceding. Brain levels of NPY increase when an 

organism is fddeprived and return to normal once satiated (Sahu, Kalra, & Kalra, 1988). 

Central NPY administration results in increased RQ (Currie & Coscina, 19%; Brown, 

1993 ; Menendez, McGregor, Healey, Atrens, & Leibowitq 1 WO), increased plasma insulin 



levels (Moltz & McDonald, 1985), and reduced brown fst thennogenesis (Egawa, 

Yoshimatsu, & Bray, 199 1). These data indicate that NPY affects the entire process of 

energy utilisation, and not only feeding behaviour. As well, when recurrent injections of 

NPY are given over a 7 day paiod, but intake is restricted, rats still display significant 

weight gain, indicating that NPY has additional weight-increasing metabolic and endocrine 

effects (Zarjevski, Cusin, Vettor, %her-Jeanrenaud, Jemrenaud, 1993). Conversely, 

continuous infision of NPY antibodies icv result in a doedependent decrease in 24 hr 

cumulative food intake @ube, Xu, Crowley, Kalra, & Kalra, 1994). 

Endogenous NPY levels are sensitive to manipulations that alter metabolic hels 

and their regulatory hormones. For example, the removal of endogenous glucocorticoids 

decreases (White, Dean, & Martin, 1 WO), while the loss of insulin increases (White, 

Olchovsky, Kershaw, & Berelowitq 1990), hypothalamic NPY levels. This suggest,, that 

NPY may be directly related to levels of some hormone(s) or signal(s) that regulate the 

utilisation of metabolic hek. 

Recently, a peripheral satiety signal that operates reciprocally with NPY was 

discovered in mice (Zhang et al., 1994). Called "leptin", this hormone acts as a feedback 

signal fiom adipose tissue. Circulating levels have been found to increase exponentially 

with body mass index (BM) or percentage body fat (Blum, 1997), and icv-injected leptin 

decreases deprivation-induced feeding and lowers hypothalamic NPY concentrations 

(Wang et a1 . , 1997). Using autoradiographic and genetic mapping techniques, leptin 

receptors have been found to exist in many brain tissues such as the hypothalamus and the 

choroid plexus (Gehlert & Heiman, 1997). Furthermore, the injection of leptin into the 

bloodstream lowers the expression of NPY in oMob mice, which are deficient in circulating 



leptin, but has no effect on a/& mice, which lack hnctional leptin lCOCPfOrs (Remcsar, 

R a f w ,  Femhdez-Gpeq & Alemany, 1997). 

Hv~otheses: 

PF'H. NPY injected into the PFH will increase regulatory feeding behaviour through a - 
mesolimbic DA-independent system. 

N.Acc. There is currently no evidence to suggest t M  NPY injected into the N.Acc will - 
have any effects on regulatory feeding; however, due to its known involvement in reward 

processes, NPY injection into the N.Acc may result in increased chow intake due to its 

effects on reward value. Therefore, it is hypothesised that there will be a slight increase in 

chow intake following N.Acc NPY administration. 

How this will be assess& To test these hypotheses, consumption of a nutritive yet non- 

preferred food type (regular powdered chow) following NPY injection into the PFH or the 

N.Acc will be measured. As any increases in intake following injection into the PFH will 

likely be mediated by local feeding receptors and be independent of Db this effect will be 

unaffected by N.Acc antagonism of the mesolimbic DA system. However, any effects of 

N.Acc NPY on chow intake will be blocked by N.Acc DA antagonism. The DA receptor 

blocking agent, FLU, will be used, based on its ability to non-selectively block both Dl and 

D2 receptors (Arnt, 1985), as well as its ability to block other DA-mediated reward-relevant 

behaviours (Josselyn & Beninger, 1993; Cam, Fibiger, & Phillips, 1989). 

NPY and non-remlatorv fecdinr behaviour inward) 

Although NPY appears to play a primary role in the control of regulatory feeding, a 

number of studies have revealed that the feeding cues produced by NPY do not fully 

parallel those associated with deprivation-induced fading. Seeley, Benoit, and Davidson 



(1997) found that 24 hr food-deprived nts that had previously received foot shock paired 

with icv saline displayed more behavioural immobility (a response to a cue that reliably 

predicts shock) in a drug-free generalisation test than did non-deprived rats that had 

received foot shock paired with icv NPY administration. This paradigm measures the 

interoceptive cues produced by NPY administration and compares them to the cues 

produced by fwd deprivation. The results were interpreted as demonstrating that food 

deprivation activates processes or mechanisms different fiom those that underlie the 

orexigenic effects of MY. 

The patterns of behaviour exhibited following NPY administration also do not 

mimic those present in food-deprived animals. Levine, Kuskowski, Grace, and Billington 

(1991) found that icv NPY-treated rats ate the same amount, spent a similar amount of time 

eating, and demonstrated similar latencies to eat when compared to 24 hr deprived animals. 

Rats injected with NPY were more active, however, than those deprived of food, either 

when fwd was present (22% vs. 13% of total time), when there was a chewable object 

present (4Ph vs. 14%), or in the absence of either (37% vs 4%). Detailed analysis of the 

patterns of ingestion following icv NPY administration show that orosensory information, 

which is affected by fooddeprivation, is not affkcted by NPY, as feeding patterns are quite 

different following NPY administration as compared to f d  deprivation-induced feeding 

(Lench, Hart, & Babcock, 1994). As well, food hoarding behaviour in rats, which is 

proportional to body weight loss, is not r a i d  by icv NPY administration (Cabanac, 

Dagnauk, & Richard, 1997), providing finher support for the notion that NPY does not 

completely mimic the physiological state of hunger. 

The possibility that NPY operates by mechanisms other than regulatory ones is also 



supported by recent findings demonstrating that NPY does not affect the consummatory 

phase of ingestion. Seeley, Payne, and Woods (1 999, using the intraoral intake test (which 

focuses on the highly stereotyped consummatory phase by introducing a 0.1 M sucrose 

solution directly into the oral cavity of rats via an indwelling catheter), found that icv NPY 

failed to increase intake. However, 24 lu food deprivation nearly doubled intraoral intake. 

These results indicate that NPY administration does not completely mimic the stimulus 

state associated with food deprivation. These authors also suggest that NPY may have its 

primary effect on the appetitive (or preparatory), and not the consummatory, phase of food 

intake. Indeed, it may be that the appetitive phase of MY-induced food intake is 

controlled by its effect on DA release, which makes intuitive sense when the reward- 

relevant effects of DA are considered. 

Finally, the finding that rats injected with NPY in the hypothalamus will consume 

far more of a palatable diet (Stanley & Leibowitz, 1985) than regular chow (Brown & 

Coscina, 1995) provides support for the notion that feeding stimulated by NPY is, at least 

in part, non-regulatory in nature. If it stimulated only regulatory processes, then a given 

dose of NPY would be expected to result in equivalent increases in the consumption of 

either type of diet. 

Hv~otheses: 

PFB. NPY injected into the PFH will increase feeding of a non-regulatory nature as well - 
as other indices of reward. These effects will likely be mediated by connections with the 

mesolimbic DA system. 

N.Aec. NPY injected into the N.Acc will result in an increase in non-regulatory feeding 

and other indices of reward, and this effkct will be DA-dependent. 



How this will be usessed. One way in which these hypotheses will be tested is by 

measuring the intake of a nutritive, preferred food type (sucrose) following injection of 

NPY into the PFH or the N.Acc. IfPFH NPY is involved in non-regulatory feeding, then 

the increase in fiee-feeding sucrose intake following NPY administration should be 

greater than the increase in chow intake, over and above the amount due to normal 

preferences. N.Acc DA antagonism with FLU should at least partially block this effect, 

as a component of this f d i n g  may be regulatory and, thus, not mediated by the DA 

system. If N. Acc NPY is involved in non-regulatory feeding, then a robust increase in 

sucrose intake will occur following injection into this site, and this effkct will be blocked 

by N.Acc DA antagonism. 

Another way to test these hypotheses is to examine the effects of operant 

responding for reward pellets. It is predicted that, in non-deprived rats, PFH NPY will 

produce an increase in PR operant responding for sucrose reward pellets, an index of an 

organism's motivation to respond for rewarding stimuli. This eff'ect should be blocked 

by antagonism of the DA system. Likewise, N. Acc NPY should produce an increase in 

PR responding, an effect that will also be blocked by the antagonism of the DA system. 

A third way of testing these hypotheses involves the use of the CPP paradigm. If 

NPY has rewarding effects when it is injected into the PFH, then its pairing with a 

distinct environment should result in a CPP for that environment. This effect, if DA- 

mediated, should be blocked by antagonism of the mesolimbic DA system. If PFH NPY 

is involved only in regulatory feeding behaviour, then its administration should result in 

either no effect on CPP, or possibly a conditioned place aversion (CPA), as food- 

deprivation results in a CPA (Bechara & van der Kooy, 1992; Harrington & van der 



Kooy, 1992). Finally, if N.Acc NPY is involved in reward processes, then its 

administration should result in a CPP that is blocked by DA antagonism. A summary of 

the experimental paradigms and the predicted outcome of NPY administration are shown 

in Table 1. 



Table 1. Summary of experimental paradigms and predicted outcomes. 



EXPERIMENTAL PREDICTED 
PARADIGM OUTCOME OF 

NACC- 

I 
behaviour---bloc ked 

REGULATORY 
FEEDING 

I I bv N.Acc FLU 
p- - - - - - . . . - -- 

NON- I Freefeeding - 1 A robust increase in 
REGULATORY 
FEEDING 
(RE WARD) 

REWARD 

PREDICTED OUTCOME 

(sucrose) 

Progressive ratio 
operant responding 
for sucrose 
Conditioned place 
preference 

OF PFE-APPLEED NPY: 

feeding when 
compared to effeds 
on chow feeding- 
blocked by N. Acc 
FLU 
An increase in 
breaking point- 
blocked by FLU 
Produce a CPP- 
blocked by FLU 

IF REGULATORY ONLY: 

A robust increase-not 
blocked by N.Acc FLU 

IF BOTH REGULATORY AND 
NON-REGULATORY: 
A robust increurt--partidly blocked by 
N.Acc -FLU 

A robust increase (no different 
from chow feodinghnot 
blocked by N.Acc FLU 

No CPP produced. Possibly Produce a CPP-blocked by FLU 
tiace aversion I 

A robust incraw (larger than chow 
fading)-partidly blocked by N. Acc 
FLU 

A slight increase in breaking 
point-not blocked by FLU 

A robust increase in breaking point- 
blocked by FLU 



In summary, the primary hypothesis is that NPY injected into two distinct brain 

sites, the PFH and the N.Acc, will have distinct effects on behaviour. NPY injection into 

the PFH will produce an intrinsic state that parallels the sensation of hunger, and will 

therefore increase regulatory food intake. Measuring the consumption of a non-preferred 

food type, powdered chow, will assess this. NPY injection into the N.Acc will increase 

the rewarding aspects of various stimuli, including non-regulatory food intake, while 

having no effect on homeostatic mechanisms such as hunger. This will be assessed by 

measuring: intake of sucrose, a preferred food type; responding for sucrose reward 

pellets on a PR operant schedule; and the amount of time spent in an environment 

previously paired with NPY administration vs. that spent in an environment previously 

paired with saline, as measured by the CPP paradigm. 

The secondary hypothesis of this thesis is that mesolimbic DA activity is involved 

in the rewarding effects of NPY, while playing a minor role, if any, in NPY's effects on 

regulatory feeding. Therefore, injection of the DA receptor antagonist, FLU, into the 

N.Acc will result in an inhibition of the NPY-elicited increase in non-regulatory feeding 

and other rewarding behaviours, while having no effect on MY-elicited increases in 

regulatory feeding. 

Experiments # 1 a-c were designed to assess the effects of NPY and FLU on 

regulatory, or hunger-driven, feeding, while experiments #2a and b were designed to 

evaluate their effects on non-regulatory feeding. Experiments #3a-d looked at other 

indices of reward, such as PR operant responding for sucrose and CPP. The last group of 

experiments, #4e-c, were designed to validate methodological procedures. 



Genera1 Method 

Subjects 

All subjects were adult male Sprague-Dawley rats purchased from the Charles 

River Company (St. Constant, PQ), housed individually in hanging wiremesh cages and 

given free access to water and food (standard Purina Rat Chow) unless othenvise stated. 

Upon anival, subjects weighed between 225 and 275 g. Animals were subsequently 

housed in a temperature- and humidity-controlled room (22 degrees Celsius) with lights 

on fiom 0900 to 2100 hr and were handled for approximately 5 min per day prior to 

surgery. Body weights were measured daily throughout testing. 

Procedure 

Surecrv. Bilateral implantation of cranial guide cannulae was done once subjects 

had attained a body weight of at least 290 g. Animals were anaesthetised with sodium 

pentobarbital (50 mgkg, I.P.) and positioned in a stereotaxic apparatus. Two 15 mm, 

stainless steel, 22 gauge (-39 mm diameter) guide cannulae (Plastic Products, Roanoke, 

VA) were aimed to terminate above the right and left PFH and/or N.Acc. The 

coordinates for the PFH were: with the incisor bar set at 3.3 mm below the interaural 

line, anterior-posterior (AP) -1.9 mm fiom bregma, midline (ML) +l. 1 mm from the 

midsagittal sinus, and dorsal-ventral @V) -5.6 mrn fiom bregma's DV coordinate. For 

the N. Acc (when animals were also being implanted in the PFH): with the incisor bar set 

at -3.3 mm below the interaural line, AP +1.7 mm from bregma, ML *1.5 mrn fiom the 

midsagittal sinus, and DV 4 . 6  mm fiom bregma (Paxinos and Watson, 1986). When the 

N.Acc alone was the target site, the incisor bar was set at 5.0 mm above the interaural 

line and the co-ordinates were: AP +3.4 mm from bregma, ML * 1.5 mm fiom the 



midsagittal sinus, and DV - 4.7 mm &om bregrna (Pellegrino, Pellegrino, & Cushman, 

1979). These coordinates had been chosen at the beginning of all experiments; the 

change in height of the incisor bar when doing the quadruple implants necessitated a 

change in coordinates for the N.Acc. In addition, four stainless steel screws were 

implanted in the skull, and the entire assembly was covered with dental acrylic, 

anchoring the guide cannulae to the skull. Twenty-eight gauge (.36 mm diameter) 

stainless steel wire stylets were kept flush inside the guide cannulae in order to prevent 

them fiom blocking. 

A cannulae placement was determined to be inaccurate if it lay > 0.5 mm in any 

direction away fiom the target site. The coronal sections shown in Figure 4 and 5 (taken 

from Paxinos & Watson, 1986) represent the location of injection sites surrounding the 

PFH and the N. Acc, respectively, that were considered to be accurate. Any tracts lying 

outside of this area, either on the rostral-caudal or medial-lateral plane, were considered 

to be inaccurate, and data from those animals was not included in the analyses. Figure 6 

shows representative injection sites for the N. Acc and the PFH. 

Druns. NPY was purchased &om Peninsula Laboratories (Belmont, CA). FLU 

was generously provided by H. Lundbeck and Co. (Denmark), as well as purchased fiom 

Research Biochemicals International (RBI; Natick, MA). AMPH was also purchased 

from RBI, through the Bureau of Drug Research. 

Intrrcerebral Drun Administration, All rats were acclimatised to the central 

injection procedure by restraining them with a towel and performing 8 sham injection at 

least twice on separate days before testing began. NPY (0,24,78, 156, and 235 pmol per 

injection side), AMPH (0 or 10 pg per injection side) and FLU (0, 1.25, and 5 pg per 



injection ride) were Aiunlvcd in aailc physiological d i n e  (0.9%) and injected in a 

. - . ,. . , J 1 I !g a 2 8 gauge (. 1 8 mm diameter) stainless steel injector ad to 

tenninate 3 mm below the guide cannula. The injector was attached, by a length of 

plastic tubing, to a 5 p1 Hamilton microsyringe. All solutions were infused manually 

over a period of 1 min. The injector was left inside the guide cannula for an additional 30 

sec after the infirsion, to allow for diffusion of the solution away fiom the tip. 

Behavioural testing began immediately following the last injection. All tests were done 

between 1000 and 1700 hrs. 

Histolow. At the conclusion of testing, subjects which had undergone cannulae 

implantation were sacrificed with an overdose of sodium pentobarbital and then pefised 

through the h~ using isotonic saline followed by a 100/o formalin solution. After 

soaking in fonalin solution for at least 24 hrs, the brains were sectioned at 40 pm 

intervals in a cryostat. These sections were then stained with cresyl violet, and examined 

under a microscope to determine the exact location of the cannula tips. Rats that had not 

undergone surgery were sacrificed with carbon dioxide gas. 

Statistical Analvsis. For the feeding experiments, results were analysed using 

one-, two-, or three-way analyses of variance (ANOVAs). Post-hoc comparisons, using 

Fisher's least significant difference (LSD) or Du~e t t ' s  test, were made to investigate any 

treatment differences. For the CPP studies, one-way ANOVAs or Student's fitests were 

used, depending on the comparisons being made. Post-hoc comparisons using Fisher's 

LSD were made to elucidate treatment differences. A two-tailed alpha level of .05 was 

used for all statistical tests, except in Experiment #3c, when one-tailed alp ha levels for 

the $-tests were used when apiori predictions could be made. 



b r e  4. Area surrounding the PFH where a cannul~e placement was deemed to be 

accurate (Paxinos & Watson, 1986). 





F b r e  5 .  Area surrounding the N.Acc where a cannulae placement was deemed to be 

accurate (Paxinos & Watson, 1986). 





F&re 6. Slide sections showing rqresentative bilateral N.Acc (top panel) and PFH 

(bottom panel) cannulae placements. 





(Experiments #la-lc) 



Experiment #la: E f f ~ t s  of NPY on powdered chow intake 

To ascertain whether PFH- and/or N.Acc-applied NPY has effects on regulatory 

feeding, and to secure a dose-response curve for these potential effects, this first 

experiment examined the effects of NPY (0,24,78, 156, and 235 pmol per injection side) 

on powdered chow feeding. Based on previous research (i.e., Flood & Morley, 1991; 

Lynch, Hart, & Babcock, 1994), any increases in chow intake above baseline can be 

interpreted as the inhibition of a satiety mechanism or, alternatively, an increase in an 

animal's motivation to eat. 

Procedurq 

Twenty rats were used in this study. Eight had bilateral cannulae implanted that 

were aimed to terminate in the N.Acc and 12 had bilateral cannulae aimed at the PFH. 

All testing took place in the animals' home cages. A few days prior to testing, rats were 

acclimatised to the powdered chow by giving them fiee access to this food for 24 hrs. On 

each test day, subjects were pre-satiated by removing all of the pellets in the food hopper 

and placing four or five chow pellets on the floor of their cages. One hour later, testing 

with NPY began. All rats received 0,24,78, 156, and 235 pmol/side of NPY in a 

counterbalanced order, and were returned to their home cages along with a stainless steel 

bowl filled with a pre-weighed amount of powdered chow. Intake (g) minus spillage was 

measured 1 and 2 hr post-injection. There were at least 2 drug-free days between each 

test session. 

Rcsults 

The data fiom five rats, all fiom the PFH group, were not included in the analysis 



due to inaccurate cannulae placements. 

The results from this experiment can be seen in Figure 7. A two-way ANOVA, 

with area and dose as factors, revealed a significant main effect of area for both 1 hr, E(1, 

13) = 7.06, p = -02, and 2 hr, E(1, 13) = 7.15, p = .02, intake, with rats receiving NPY in 

the PRI (top panel) eating substantially more than those receiving NPY in the N. Acc 

(bottom panel). There was also a main effect of dose, E(4, 52) = 9.47, p < .001 (1 hr), 

E(4, 52) = 7.16, p < .001 (2 hr), with the 78, 156, and 235 pmol doses of NPY all eliciting 

near-maximal food intake. The area x dose interaction was significant only for 1 hr 

intake, E(4, 52) = 2.82, p = .03, with PFH-applied NPY increasing powdered chow intake 

(relative to baseline) at all doses (top panel), and N.Acc-applied NPY only increasing 

intake at the 78 pmol dose (relative to baseline)(bottom panel). It is noteworthy that none 

of the doses of NPY in the N.Acc significantly increased 1 hr intake compared to the 

PFH rats' saline score @ > .lo; Fisher's LSD). The apparent increase in powdered chow 

feeding seen after the 78 pmol dose of NPY in the N.Acc appears to be due to the very 

low baseline feeding exhibited by this group of rats. Two separate one-way ANOVAs 

revealed a significant main effect of dose for rats injected with NPY in the PFH, E(4, 24) 

= 10.83, < -001 (1 hr), E(4,24) = 10.5, p < .00 1 (2 hr), while revealing no significant 

effects for rats receiving NPY in the N. Acc, 34,28) = 2 -06, p > .10 (1 hr), E(4, 28) = 

1.47, > .lo (2 hr). 



Firmre 7. Effects of NPY on powdered chow intake after injection into the PFH (top 

panel) or the N.Acc (bottom panel). 

* = g < .05 (compared to baseline; Dunnett's test) 

** = p < .O1 (compared to baseline; Dunnett's test) 
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Experiment Hlb: Effeets of peripheral FLU on PFH NPY-induced regular chow 

intake 

To ascertain whether the DA system plays any role in the feeding-stirnulatory 

actions of NPY on chow intake, the effects of the DA receptor blocker, FLU, on feeding 

induced by PFH administration of NPY were assessed. It was hypothesis4 that DA is 

not involved in the hunger-driven, or regulatory, aspects of NPY-induced feeding, 

therefore, FLU should not disrupt NPY-elicited powdered chow consumption. The 

following experiment describes the effects of I.P. FLU on PFH NPY-induced chow 

feeding. 

Procedurg 

Seventeen rats, all with cannulae implanted bilaterally aimed at the PFH, were 

used in this study. Nine were tested with 156 pmoVside of NPY and 9 with 24 pmoVside. 

FLU (0, .05, .l, and .2 mg/kg, I.P.) was dissolved in saline and injected 2.5 hrs prior to 

testing with NPY. This time course was chosen based on previous reports showing that 

FLU'S peak neuroleptic effects occur at this time point (Ettenberg, Koob, & Bloom, 

198 1). All rats received each dose of FLU in a counterbalanced order and were pre- 

satiated as in Experiment #la. One hr later, NPY was administered and rats returned to 

their home cages. 1 and 2 hr intake (g) of standard, Purina rat chow (minus spillage) 

were the dependent measures. 

!wm 
Two rats receiving the 156 pmol dose, and four rats receiving the 24 pmol dose of 

NPY were determined to have inaccurate cannulae placements, so their data were 



excluded fiom the analysis. 

The data from Experiment #Ib are shown in Figure 8. Two separate one-way 

ANOVAs revealed that there was no significant effect of any dose of FLU on either 24 

pmol, E(3, 12) = .039, p > .10 (1 hr), E(3, 12) = ,062, p > .10 (2 hrxtop panel), or 156 

pmol, E(3, 18) = 1.38, g > .10 (I hr), E(3, t 8) = 1 .O9, p > .10 (2 hr)(bottom panel), NPY- 

induced chow feeding. 



-re 8. Effects of FLU (I.P.) on PFH NPY-induced chow intake. Top panel: 24 

pmoVside NPY. Bottom panel: 156 pmoVside MY. 
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Experiment Wlc: Efftcts of N.Acc FLU on PFH NPY-induced powdered chow 

intake 

Although the results of Experiment #lb indicated that peripheral blockade of DA 

does not play a significant role in PFH NPY-induced feeding, it remained to be 

determined if a more precise blockade of the mesolimbic pathway might reduce chow 

intake. It was hypothesised that blockade of the mesolimbic DA system, which is known 

to be involved in reward processes, would not &kt NPY-induced chow feeding, as 

NPY-induced feeding of this food type is proposed to result from more homeostatically- 

driven, regulatory signals. Experiment #lc tested this hypothesis by examining the 

effects of N.Acc-applied FLU on PFH NPY-induced powdered chow intake. 

Proccdurr 

Fifteen rats, all with two sets of bilateral cannulae aimed to terminate in the 

N.Acc and the PFH, were used in this experiment. Rats were acclimatised to the 

powdered chow as in Experiment #la. On each test day, they were pre-satiated for one hr 

then injected with 0, 1.25, or 5 pg/side of FLU in the N.Acc 30 min prior to an injection 

of 0 or 156 pmoVside of NPY in the PFH. All rats received all combinations of FLU and 

NPY in a semi-randomised order. Immediately following the second injection, rats were 

replaced in their home cages and given free access to powdered chow. 1 and 2 hr intake 

(g) minus spillage were the dependent measures. 

Rcsults 

Six of the rats were found to have inaccurate cannulae placements so their data 

were excluded &om the analysis. 



The data from this study are displayed in Figure 9. A one-way ANOVA revealed 

a significant main effect of dose for both 1 hr, E(3.24) = 1 5.02, Q < .00 1, and 2 hr, E(3, 

24) = 14.34, Q < .001, intake. Post-hoc comparisons showed that NPY stimulated food 

intake as compared to saline, regardless of the dose of FLU co-administered. 

Furthermore, the 1.25 pg dose of FLU plus NPY elicited significantly more feeding than 

did either NPY + SALINE or NPY + 5 pg of FLU when compared to baseline (SALINE 

+ SALINE). 



Firmre 9. Effects ofN.Acc FLU on NPY (156 pmol/side)-induced powdered chow 

intake. 

a = significantly different &om SALINE + SALINE @ < .01)(Fisher7s LSD test) 

b = significantly different fiom SALINE + SALINE @ < .01) and NPY + SALINE (E < 

.05) and NPY + 5 pg FLU @ < .Ol)(Fisher's LSD test) 
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Experiment #la demonstrated ?bat NPY injected bilaterally into the PFH produces 

a robust dodependent increase in chow intake, with most of this response occurring 

within one hr of the NPY injection. On the other hand, NPY injected bilaterally into the 

N.Acc had little effect on chow intake. FLU, injected either peripherally (Experiment 

#lb) or directly in the N.Acc (Experiment #lc), had no attenuating effect on PFH NPY- 

induced chow intake, indicating that mesolimbic DA does not contribute to this response. 

These results indicate a primary role of PFH NPY in mechanisms underlying 

regulatory feeding behaviour that are not mediated by mesolimbic DA activity. 





Experiment #2r: EffecCI of NPY on rucrore intake 

In order to assess NPY's effects on feeding of a more non-regulatory, reward- 

driven nature, and to generate a dose-response curve for these effects, this experiment 

examined the effects of NPY on the intake of sucrose, a preferred food type. It was 

proposed that any increases in sucrose intake, above and beyond that seen with powdered 

chow, might reflect NPY's stimulation of reward pathways (Sills, Baird, & Vaccarino, 

1993). 

Proeedurr 

Twenty rats were used in this study. Ten had bilateral cannulae aimed to 

terminate in the N.Acc, and 10 had bilateral cannulae aimed to terminate in the PFH. All 

testing took place in the animals' home cages. For one week prior to the beginning of 

testing, rats were habituated to sucrose (Redpath brand table sugar) by receiving seven 

daily 1 hr presentations. On each test day, animals were pre-satiated with regular chow 

for 1 hr (as in Experiment # 1 a) and injected, in a counterbalanced order, with NPY (0, 24, 

78, 156, and 235 pmolhide). Subjects were returned to their home cages, along with a 

stainless steel bowl filled with a pre-weighed amount of sucrose, and intake (g) minus 

spillage was measured 1 and 2 hr post-injection. At least two days separated test sessions 

wherein rats had access only to regular chow. 

Results 

One rat fiom the PFH group lost its cannulae assembly during testing, so its data 

were removed from the analysis. 

Figure 10 shows the results fiom the present experiment. A tweway ANOVA 



revealed a significant main effect of area, E(1, 17) = 15-30, p = .00 1 (1 hr), E(1, 17) = 

18.67, p < ,001 (2 hr), with the PRI- implanted rats eating more sucrose than the N.Acc- 

implanted rats. There was also a main effkct of dose, 1(4,68) = 13.46, p < .001 (1 hr), 

E(4,68) = 14.14, Q < .001 (2 hr), with all doses of NPY stimulating sucrose intake as 

compared to baseline. Fisher's LSD test indicated that, at both 1 and 2 hrs post-injection, 

the 156 and 235 pmol doses of NPY resulted in maximal responding. The area x dose 

interaction was also significant for both 1 hr, E(4,68) = 7.3 1, Q < .001, and 2 hr, E(4,68) 

= 8.06, p < ,001, intake, with NPY stimulating sucrose intake at all doses in the PFH 

while having no effect in the N. Acc. 

A three-way ANOVA on the data from Experiments #la and #2a revealed a 

significant main effect of food type both for 1 hr, E(1, 30) = 2 1.45, p < .001, and 2 hr, 

E(l, 30) = 19.14, Q < .001, intake, confirming that rats ate significantly more sucrose than 

powdered chow regardless of the dose of NPY. 

It is important to note that there was no significant food type x dose interaction 

when data &om Experiments #la and #2a were collapsed and a three-way ANOVA 

performed, E(4, 120) = 1.57, p 1 .10 (1 hr), E(4, 120) = .70, p > -10 (2 hr). This indicates 

that NPY did not preferentially stimulate intake of sucrose. 



-re 10, Effects of NPY on sucrose intake afler injection into the PFH (top panel) or 

the N.Acc (bottom panel). 

* = E < -05 (compared to baseline)@unnett's test) 

** = p < .O 1 (compared to baseline)(Dunnett's test) 
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Experiment U2b: Effkcts of  N.Acc FLU on PFB NPY-induced sucrose intake 

Experiment #Za determined that PFH-inj ected NPY results in increased sucrose 

intake. The present experiment was designed to clssess whether central blockade of the 

mesolimbic DA system would have any effects on PFH NPY-induced intake of a 

preferred food type. As in Experiments #lb and #lc, the hypothesis being tested was 

that, if mesolimbic DA was involved in the non-regulatory, reward-driven aspects of PFH 

NPY-induced feeding, such a blockade would preferentially affect intake of a palatable 

food type, such as sucrose. 

Procedure 

Ten rats, all with cannulae aimed to terminate both in the N.Acc and the PFH, 

were used in this experiment. Once acclimatised to the sucrose for seven days (as in 

Experiment #2a), testing began. On each test day, rats were pre-satiated with regular 

chow for 1 hr then injected with 0, 1.25, or 5 @side of FLU in the N.Acc 30 min prior to 

an injection of 0 or 156 pmoVside of NPY in the PFH. All rats received all combinations 

of FLU and NPY in a semi-randomised order. Immediately following the second 

injection, rats were replaced in their home cages and given free access to sucrose. 1 and 

2 hr intake (g) minus spillage were the dependent measures. 

Rsults 

Three rats were found to have inaccurate cannulae placements so their data were 

excluded &om the analysis. 

The results from this experiment are displayed in Figure 1 1. A one-way ANOVA 

revealed a main effect of dose for both 1 hr, E(3, 18) = 10.10, p < .001, and 2 hr, E(3, 18) 



= 10.45, p < .001, intake, with NPY stimulating sucrose intake as compared to baseline 

regardless of the dose of FLU. 



Firmre 11. Effects of N.Acc FLU on PFH NPY-induced sucrose intake 

** = p > ,001 (Fisher's LSD test) 
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Summaw of Non-Raulatow Feeding Ex~erimenu 

Experiment #2a demonstrated that PFH injection of NPY results in robust 

increases in sucrose intake; however, these increases are no greater than NPY's effects on 

chow intake. Furthermore, Experiment #2b showed that NAcc FLU has no effect on 

PFH NPY-stimulated sucrose intake, indicating that mesolimbic DA does not contribute 

to this response. N.Acc NPY had no effect on sucrose intake. 

These results suggest that PFH NPY does not selectively influence the rewarding 

aspects of food but, more likely, acts to stimulate homeostatic mechanisms thereby 

increasing the intake of a variety of food types. 



(Experiments #3a-3d) 



Experiment #3a: Effects of NPY on progressive-ratio operant responding 

The present experiment was designed to test the hypothesis that NPY injected into 

the N.Acc or the PFH would increase responding for sucrose reward pellets on a PR 

schedule. Sucrose, rather than chow, pellets were chosen for this experiment in order to 

minimise the contribution of NPY's regulatoly effects on this measure. That is, if purely 

nutritional need was the motivating drive behind the animals' responding, they would be 

expected to respond more vigorously for chow reward than for sucrose reward, as chow 

represents a more complete dietary source. It was predicted that, if NPY exerts any of its 

feeding effects on reward mechanisms, PR responding for sucrose would increase 

following NPY injection into either brain region. 

Proceduq 

Thirty-two rats were used in this experiment. Twenty-four had bilateral guide 

cannulae implanted in the PFH and eight in the N.Acc. 

Ambaratus. All operant testing was carried out in eight chambers measuring 28 

cm long, 21 cm wide, and 21 cm high (Med Associates Inc., Georgia, VT). Each 

chamber contained a food pellet dispenser and a retractable response lever that was 4.5 

cm wide and 7 cm above the chamber's floor. The centre of the lever was 6.5 cm to the 

left of a central food hopper positioned 3 cm above the chamber's floor. Each chamber 

was illuminated by a light and was contained within a sound-attenuating box equipped 

with a ventilating fan. Apparatus control, and data collection, was accomplished with a 

3 86-SX IBM-type computer. 

Testing. One week after their arrival in the laboratory, rats were food-deprived 



for 24 hrs and trained to bar-press for 45 mg sucrose reward pellets (Formula F; P. J. 

Noyes Co. Inc., Lancaster, NH). Once stable responding on a fixed-ratio 1 (FRI) 

schedule had been attained, home cage feeding was reinstated and animals were switched 

to a FR3, then a FR5, and finally a PR schedule. Response requirements for the PR 

schedule were based on the following equation: 

ROUND [5 * EXP(0.2* reward number) - 51 

and, therefore, increased exponentially through the following series: 1, 2, 4, 6, 9, 12, 15, 

20,25, 32, 40, 50, 62, 77, 95, 118, 145, 178, 219, 268, 328,402, 492, 603, 737, 901 

(Roberts & Richardson, 1992). This PR schedule had previously been demonstrated to 

generate dose-dependent breaking points for cocaine self-administration in rats (Roberts 

& Richardson, 1992). The number of reinforcers earned prior to a 20 min period of non- 

reinforcement represented the breaking point. Once an animal had completed three daily 

PR sessions, surgery was performed. Two days after surgery, the PR schedule was re- 

introduced. Once stable responding was re-established (* lo?! over a period of three 

days), testing with NPY (0, 78, 156, and 235 pmol/side) began (at ieast 5 days of post- 

operative recovery). Five min after subjects received one of the four doses of NPY in a 

semi-randornised, counterbalanced order, they were placed in the operant chambers. 

Numbers of responses made and reinforcers earned were the dependent measures. 

Results 

Eight rats fiom the PFH group had inaccurate cannulae placements, so their data 

were excluded fiom the analysis. 

Results are displayed in Figure 12. For the number of responses made (top 

panel), a two-way ANOVq with area and dose as factors, revealed a significant main 



effect of area, E(1,21) = 5.58, y = .027, with injections ofNPY in the PFH resulting in 

more responding overall. There was a trend towards a main effect of dose, E(3, 63) = 

2.25, p = .09. For the number of reinforcers earned (bottom panel), a similar two-way 

ANOVA revealed a significant main effect of area, l?( 1, 2 1) = 6.88, p = .O 15, with 

injections in the PFH resulting in a greater number of reinforcers earned overall. As well, 

there was a main effect of dose, r(3.63) = 5.13, p = -003, with all three doses of NPY 

resulting in the delivery of significantly more pellets. 

Four one-way ANOVAs, using dose alone as the factor, were also conducted 

separately on the number of responses made and reinforcers earned fiom the PFH- and 

the N.Acc-implanted rats. The ANOVAs performed on data fiom the PFH rats revealed a 

main effect of dose both for number of responses made, E(3,45) = 4.19, g = .0 1 1, and 

number of reinforcers earned, E(3,45) = 4.99, g = .OO 1. Neither of the two measures was 

found to be significant following injections into the N.Acc. 



m r e  12. Effects of NPY injected into the PFH and the N.Acc on PR operam 

responding. Top panel: number of responses made. Bottom panel: number of 

reinforcers earned. 

* = p < .OS (compared to baseline)@umett's test) 

** = g < .O 1 (compared to baseline)@unnett's test) 



PFH 

AREA 
1 1-1 SALINE 

I 78 pmol 

/ 156 pmol 

I 235 pmol 



Experiment #3b: Effects of DA antagonism on NPY-induced vs drug-free PR 

responding for suerore @lets 

In Experiment #3a, PFH-applied NPY was found to dose-dependently increase 

the number of responses made by rats responding on a PR operant schedule of 

reinforcement, resulting in a significantly greater number of reinforcers earned. 

Typically, drugs that impair the mesolimbic DA system have been found to disrupt the 

breaking point when animals respond for cocaine (Roberts, 1989; Roberts, 1 992), as well 

as sucrose (Cheeta, Brooks, & Willner, 1995). The purpose of the present experiment 

was to ascertain whether blockade of the DA system might attenuate the response- 

stimulating effects of PFH-applied M Y .  Additionally, whether DA antagonism might 

preferentially affect the NPY response as opposed to drug-& responding was also 

studied. 

Procedure 

Fifteen rats previously tested in Experiment #3a were used in this experiment. 

Seven were rats from Experiment #3a that had had cannulae implanted in the PFH which 

had shown increased PR responding following NPY administration. The other eight were 

animals with cannulae implanted in the N.Acc, which had shown no effect following 

NPY administration in Experiment #3a. Both groups had FLU (0,0.05, 0.1, and 0.2 

mgkg, I.P.) injected 2.5 hrs prior to either a fixed dose of 156 pmoUside ofNPY (PFH 

rats) or no injection. PR testing began 5 min afier the NPY injection. Numbers of 

responses made and reinforcers wned were the dependent measures. 



Bu!& 
One rat from the PFH-implanted group had inaccurate cannulae placements, so its 

data were excluded. 

The data from the remaining animals are presented in Figure 13. A two-way 

ANOVA indicated that there was a main effect of NPY for both the numbers of responses 

made, E(1, 12) = 5.02, p = .045 (top panel), and reinforcers earned, E(1, 12) = 1 1 .O6, p = 

,006 (bottom panel), with NPY-induced responding being higher than drug-free 

responding when data were averaged across all doses of FLU. FLU dose-dependently 

attenuated both NPY (1 56 pmol/side)-induced and drug-& PR responding in terms of 

the numbers of responses made, E(3, 36) = 22.95, p < .001 (top panel), and reinforcers 

earned, F(3, 36) = 46.01, g c ,001 (bottom panel). The interaction was significant only 

for numbers of responses made, E(3, 36) = 3.077, Q = .039 (top panel), with FLU having 

a greater attenuating effect on drug-free compared to NPY-induced responding at the 

lowest dose tested (0.05 mg/kg). 



Fimue 13. Effects of peripheral FLU on NFY(156 pmol/side)-induced (squares) vs. drug 

free (circles) PR operant responding for sucrose. Top panel: number of responses made. 

Bottom panel: number of reinforcers earned. 

a = p < .O1 (Fisher's LSD test) 

b = p < .001 (Fisher's LSD test) 
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Exprimeat #3c: Effects of NPY om conditioned place preference 

NPY has previously been shown to have rewarding effects of its own, as 

evidenced by its ability to produce a CPP when it is injected in a low dose (24 pmol/side) 

into the N. Acc (Josselyn & Beninger, 1993). To fbrther substantiate this finding, and to 

ascertain whether the PFH is also capable of supporting NPY's rewarding effects, the 

present experiment assessed the effects of a low (24 pmollside) and a high (1 56 

pmohide) dose of both N.Acc- and PFH-injected NPY on place conditioning. It was 

hypothesised that, if PFH NPY was involved exclusively in regulatory mechanisms 

underlying feeding behaviour, then a place aversion might be seen, based on reports that 

food deprivation induces conditioned place aversions (Harrington & van der Kooy, 1992; 

Bechara & van der Kooy, 1992). If both regulatory and non-regulatory aspects of feeding 

were activated by PFH NPY administration, a CPP might be evident after the 

administration of a low dose, while not so at higher doses that result in voracious feeding 

behaviour. As a positive behavioural control for the CPP procedure, a separate group of 

rats was tested for CPP with AMPH, administered peripherally. 

Procedure 

Six groups of 12 rats were used in this experiment. Half had bilateral cannulae 

implanted in the N.Acc, and half had cannulae implanted in the PFH. As well, there was 

a separate group of 12 unoperated rats that were tested with AMPH (I.P.). 

A ~ ~ a r a t u b  All conditioning took place in four identical boxes, which were 

constructed from aluminium and Plexiglas and measured 60 cm wide, 30 cm deep, and 40 

cm high. Each box was divided into two compartments of equal size, which were 



separated by a removable central wall: one compartment was painted black and had a 

smooth Plexiglas floor, and the other compartment was painted white and had a rough 

Plexiglas floor. Between these two compartments was a silver-coloured aluminium 

platform covered with wire, measuring 8 x 3 1 x 4 cm. This platfonn served as the 

transitional zone between the two compartments. Testing was done in a separate room 

away from the rats' home cages. All rats received the conditioning and testing phases in 

the same box. Between every session, the floor of each box was washed with soap and 

water and dried thoroughly. 

Testing. Following at least two days post-operative recovery (if indicated), rats 

were given access to the conditioning box as it would be on the test day, by placing them 

on the partition in the centre of the apparatus with the middle wall removed for three 

daily 15 min pre-conditioning sessions. At the end of the three days, conditioning with 

saline, 24 pmoVside NPY, 156 pmollside NPY, or 2.5 mg/kg AMPH began. Half of the 

subjects received NPY or AMPH injections on days 1, 3, 5, and 7, while the other half 

received them on days 2,4,6, and 8. Half of each of these groups received their NPY or 

AMPH injection paired with a 30 min exposure to the black side of the box, and half with 

the white side. All received saline control injections, paired with the other side of the 

box, on alternate days. Two sets of four consecutive conditioning days were separated by 

two drug-free days. On the test day, the middle walls of the conditioning boxes were 

removed, and rats were given f h e  access to the entire chamber for 15 min. A camera and 

VCR recorded the rats' movements between the two sides of the chamber. Time (s) spent 

in each side was the dependent variable. Timing with two hand-held stopwatches began 

when a rat's head and two forepaws crossed over into one or the other compartment. The 



observer was blind to the treatment conditions until a f k  scoring the videotapes. 

In order to assess the feeding effects of NPY in these rats, food intake was 

measured following conditioning sessions numbers 3 and 4. On these days, immediately 

following the conditioning session rats were returned to their home cages with a pre- 

weighed amount of regular chow. Fwd intake (g) minus spillage was measured after 1 

hr . 

Results 
7 

Two rats with cannulae implants aimed at the N.Acc and three with cannulae 

aimed at the PFH were determined to have inaccurate cannulae placements, so their data 

were not included in the analysis. 

Figure 14 shows the CPP results of the two groups of rats that received saline 

injections on both sides of the conditioning apparatus. There was no difference between 

the amount of time spent on each side of the box either for N.Acc-implanted rats, t(l1) = 

-1.79, p > .lo, or PFH-implanted rats, $(lo) = 0.13, > .lo, indicating that subjects had 

no pre-existing bias towards either side of the chamber. 

The results fiom the other five CPP groups are displayed in Figure 15. As 

expected, AMPH (2.5 rng/kg) administration produced a CPP, ~ ( l  1) = 6.99, g < ,001 

(one-tailed), with rats spending, on average, 44% more time on the drug-paired side (far 

right). A three-way ANOVA using the remaining data, with area, dose, and side as 

factors, revealed a significant dose x side interaction, z(1,40) = 7.02, E = .023, with rats 

given 24 pmoVside of NPY spending more time in the drug-paired side of the apparatus, 

regardless of the brain site it was injected into. Rats that received 24 prnolhide NPY in 

the N.Acc spent, on average, 38% more time on the drug-paired side, t(l1) = 2.01, p = 



-035 (one-tailedxfu lea), while rats that received 24 prnoVside NPY in the PFH spent, on 

average, 32% more time on the drug-paired side, g(l0) = 1.86, p = .093 (two- 

tailed)(middle). The high (156 prnovside) dose of NPY did not produce any significant 

effects on CPP either in the PFH or the N. Acc. 

The feeding data for the rats that received NPY are shown in Figure 16. A two- 

way ANOVA using the NPY-saline difference score as the dependent variable revealed a 

significant main effect of area, E(l, 40) = 24.66, g < .001, with the PFH-injected rats 

consuming more chow than the N.Acc-injected rats. There was also a main effect of 

dose, l?(l, 40) = 7.79, g = .008, with the 156 pmoUside dose of NPY resulting in 

significantly greater chow intake. The area x dose interaction was also significant, E(1, 

40) = 4.19, p = ,047, with intake following the 156 pmoVside dose of NPY in the PFH 

being significantly greater than for all other groups, and intake following the 24 

pmoYside dose of NPY in the PFH being significantly greater than when the same dose 

was applied to the N.Acc. 

Pearson product-moment correlation scores were calculated using the CPP scores 

and the food intake data for all groups. There was a significant negative correlation 

between NPY-induced food intake and time spent on the drug-paired side of the 

conditioning apparatus @ = -.69), t(l0) = -2.88, p = .018, for rats receiving 24 pmoVside 

of NPY in the PFH (Figure 17). This indicates that those rats which ate following NPY 

administration spent less time on the drug-paired side of the conditioning chamber than 

did rats which did not eat, or ate less, following NPY administration. 



-re 14L The effects of N.Acc and PFH saline administration on place conditioning. 

There were no preferences shown for either side of the conditioning chamber. 
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-re 15. Effects of N. Acc and PFH NPY (24 and 156 pmouside) and AMPH (2.5 

mgkg) on place conditioning. 

** = p < .OOl (Student's $-test; one-tailed) 

* = p < .05 (Student's {-test; one-tailed) 





-re 16. E f f i s  of PFH and N. Acc NPY on 1 hr chow intake in rats being tested for 

NPY place conditioning. 

* = p < -01 (Fisher's LSD test) 

** = e < .OOl (Fisher's LSD test) 





Fimrre 17. Pearson product-moment correlation between CPP and NPY-stimulated food 

intake for rats receiving 24 pmol NPYIside in the PFH @ < .02). 
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Experiment #3d: Effects o f  FLU (I.P.) on NPY-induced CPP 

Experiment #3c determined that a low (24 pmol) dose of NPY injected into the 

N.Acc or the PFH results in a CPP. DA has been implicated in the CPP-producing effect 

of NPY in the N.Acc (Josselyn & Beninger, 1993), in addition to that produced by other 

stimuli such as AMPH P r o i  & White, 199 1; Spyraki, Fibiger, & Phillips, l982a), heroin 

(Bozarth and Wise, 1981), and food (Spyraki, Fibiger, & Phillips, 1982b). The present 

experiment was designed to examine the involvement of the mesolimbic DA system in 

the CPP produced by NPY. It was hypothesised that FLU would block both N.Acc and 

PFH MY-induced CPP. 

m2s!hm 
Thirty-one rats, 16 with bilateral cannulae implanted in the PFH and 15 with 

cannulae in the N.Acc, were used in this experiment. The procedure was the same as for 

Experiment #3c, except that 2.5 hrs prior to 24 pmoVside NPY or saline administration 

subjects were injected with either saline or FLU (0.2 mgkg, LP.). All conditions were 

counterbalanced across subjects. As in the previous experiment, on conditioning days 3 

and 4 rats were returned to their home cages immediately following the conditioning 

session and 1 hr food intake (g) minus spillage was measured. 

Results 

Three rats with cannulae aimed at the PFH and one with cannulae aimed at the 

N.Acc were found to have inaccurate cannulae placements, so their data were excluded 

from the analysis. 

The food intake data are shown in Figure 18. A two-way ANOVA using the 



MY-saline difference score as the dependent variable revealed a significant main effkct 

of area, E(1, 23) = 7.70, g = .0 1, with PFH NPY stimulating feeding regardless of 

whether or not subjects received FLU. 

NPY failed to produce a significant CPP when it was applied either to the PFH or 

the N.Acc, E(1, 23) = .26, p > .10 (Figure 19). It was unrealistic, therefore, to ascertain 

whether FLU had any effects on NPY-induced CPP. A three-way ANOVA revealed a 

main effect of FLU, E(1,23) = 4.3 8, g = ,048, with those animals that received FLU 

spending more time overall on both sides of the conditioning box than animals not 

receiving FLU. The area x FLU interaction was also significant, E(1,23) = 6.82, g = 

-016, with those animals implanted in the N.Acc spending an equal amount of total time 

on both sides regardless of FLU administration. Those implanted in the PFH and 

receiving FLU spent a greater amount of total time on both sides of the apparatus 

compared to those not receiving FLU, who apparently spent more time in the transitional 

zone between the two compartments. 



F d r e  18. Effects of FLU (I.P.) on PFH NPY (24 pmol/side)-induced chow feeding in 

rats being tested for NPY + FLU place conditioning. 

** = p > .OOl (Student's &test) 
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Firmre 19. Effects of FLU (L.P.) on NPY-induced CPP. 





Summarv of Reward Exnerimen$ 

The results &om Experiment #3a show that NPY injected into the PFH, but not 

the N.Acc, results in increased PR operant responding for sucrose reward pellets. 

Peripheral FLU'S attenuation of this response was no greater than its attenuation of drug- 

free PR responding, indicating that DA was not preferentially involved in NPY-induced 

responding (Experiment #3b). Experiment #3c demonstrated that 24 pmoVside of NPY, 

but not 156 pmol/side, in the N.Acc results in a CPP that is of the same magnitude as that 

produced by 2.5 mgkg of AMPH. When 24 pmoVside ofNPY is injected into the PFH, 

a CPP is also seen; however, it did not reach statistical significance when a two-tailed 1- 

test was used. There is a negative correlation between the PFH CPP and NPY-stimulated 

food intake when animals were injected with 24 pmoVside of NPY, suggesting that the 

pleasurable effects of this dose of NPY in the PFH can be negated when its feeding- 

stirnulatory effects are present at the same time. The results of Experiment #3d were 

inconclusive, in that 24 pmoVside of NPY failed to produce a CPP in either the PFH or 

the N.Acc, making it impossible to assess the effects of DA blockade on this response. 

These results suggest that NPY-stimul ated increases in PR operant responding are 

related primarily to its effects on food intake in general, and not to any specific effects on 

reward mechanisms. As well, results of the CPP study (Experiment #3c) show that NPY, 

given at a low dose in the N. Acc, has rewarding effects that, based on the results of 

previous experiments, are independent of any feeding effects. The rewarding effects of a 

low dose of NPY in the PFH may occur when the injections are sub-threshold in their 

ability to stimulate food intake. The CPP effect of NPY appears to be of a delicate 

nature, however, as we failed to replicate it in Experiment #3d, even though the 



procedure used in both experiments was identical. 





Experiment Ma: Effecb of  N.Acc AMPH on locomotor activity 

In order to assess behaviourall y whether the N. Acc guide cannulae used in this 

series of experiments were capable of accessing a DA substrate in the N.Acc, this next 

experiment examined the effects of N.Acc AMPH on locomotor activity. This measure 

has previously been well established as a correlate of DA-ergic activation of the N.Acc 

(Salamone, Cousins, & Snyder, 1997; Di C h i a .  1995; Evans & Vaccarino, 1986). 

Based on these previous reports, N.Acc AMPH should result in an increase in locomotor 

activity. 

Procedure 

Seven rats had bilateral cannulae implanted, aimed to terminate in the N.Acc. 

Following at least five days of recovery, testing began. Subjects were placed in the 

testing apparatus for 30 min, injected with either saline or 10 pg AMPWside, and 

returned to the boxes for 1 hr. This dose of AMPH was chosen based on previous reports 

showing that its administration into the NAcc  reliably increased locomotor activity 

(Evans & Vaccarino, 1986). Activity measurements were recorded every 5 min. 

A ~ ~ a r a t u s .  Activity tests were conducted in four Plexiglas activity chambers 

w e d  Associates Inc., Georgia, W) measuring 40 cm long, 40 cm wide, and 28 cm high. 

Ambulatory (horizontal) movement was detected by two arrays of 16 infiared beams, 

while a third array positioned 10 crn above the cage floor detected vertical movement. 

Apparatus control and data collection were accomplished with a 386-SX IBM-type 

computer. 



Resu1ti 

Data from all seven animals are presented in Figure 20. A two-way ANOVA 

with ambulatory counts as the dependent variable (top pmel) revealed significant main 

effectsofdrug,E(1,6)= 20.42,p= ,004, and time, E(11,66)=3.81, p < .001, with 

AMPH administration resulting in more ambulatory counts overall, an effect which 

lessened over time. As well, the drug x time interaction was significant, E(11,66) = 4.18, 

p < .001. Similarly, a two-way ANOVA with vertical counts as the dependent measure 

(bottom panel) revealed significant main effects of drug, E(1, 6) = 52.28, Q < .001, time, 

F(l1, 66) = 5.87, Q < .OO 1, and a significant drug x time interaction, E(11, 66) = 3.16, p = 

.002. 



Firmre 20. Effects of N.Acc AMPH on ambulatory (top panel) and vertical (bottom 

panel) locomotor activity. 
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Experiment Wlb: Can N.Acc FLU Mock other DA-mediated behavioun? 

In order to test the effectiveness of injection conditions, this experiment was 

designed to assess whether N.Acc administration of FLU is able to block other DA- 

mediated behaviours. One such behaviour is the increased locomotor activity seen 

following peripheral administration of a DA agonist such as AMPH. Based on previous 

reports (Kelly, Seviour, & Iverson, 1975), it was hypothesised that N.Acc administration 

of FLU would dose-dependently reduce AMPH-induced locomotor activity. 

Procedure 

Eleven rats, which had been previously tested in Experiment #lc, were tested in 

this experiment. Rats were given an injection of FLU (0, 1 -25, or 5 &side) in the N. Acc 

and acclimatised to the novel test apparatus for 30 min. Following this period, 1.25 

mgkg of AMPH (I.P.) was administered, subjects returned to the test apparatus, and 

locomotor activity counts recorded every 15 rnin for 2 hrs. All treatments were given in a 

semi-randomised order. 

Annaratus. Activity cages consisted of 16 hanging wire mesh cages measuring 

25 cm wide, 36 cm deep, and 20 cm high. Two rows of infiared photocell beams, 

situated across the long axis of the cage 2 cm above the floor, recorded horizontal 

movement. Apparatus control, and data collection, was performed by a 286 IBM-type 

computer. The activity cages used in this experiment were different from the ones used 

in Experiment #4a due to the unavailability of the latter, as well as the ability of the 

present system to accommodate a greater number of animals at one time. 



Results - 
One animal became ill during the experiment, so its data were not included. The 

data from the remaining 10 subjects are presented in Figure 2 1. 

A two-way ANOVA done on the total number of front and rear beam crossings 

(top panel) indicated a trend towards significance for the main effect of drug, E(2,27) = 

2.99, p = .066, with both doses of FLU attenuating AMPH-induced locomotion. As well, 

there was a significant main e f f ~  of time, E(7, 189) = 8.74, p < .001 with locomotor 

activity decreasing towards the end of the test session for all groups. A separate two-way 

ANOVA on number of crossovers (bottom panel) again revealed a emd towards 

significance for the main effect of drug, E(2,27) = 2.76, E = .08, with both doses of FLU 

resulting in reduced activity. Again, there was a significant main effe*. of time, E(7, 

189), p < .OOl, with activity levels dropping off toward the end of the test session. 



F h r e  21. Effeets of N.Acc FLU on AMPH-induced locomotor activity. Top panel: 

total number of fiont and rear beam breaks. Bottom panel: totaI number of crossovers. 
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Experiment #4c: Can N.Acc rtimulation with other compounds increme fecding 

behrviour? 

Although Experiment #4a provided behavioural evidence that cannulae 

placements were accurate by demonstrating that injections aimed at the N.Acc were 

accessing the mesoli mbic DA system, it was still important to ascertain behaviourall y 

whether injections there were able to stimulate feeding behaviour. Recent evidence has 

shown that the GABA(A) receptor agonist muscimol, when injected into the 

ventromedial accumbens shell, is a potent inducer of consummatory behaviour in rats 

(Stratford & Kelley, 1997). The opiate drug morphine has also been shown to elicit 

significant increases in food intake, primarily when it is injected into the accumbens core 

region (Bakshi & Kelley, 1993). This experiment assessed the feeding effects of both 

muscimol and morphine following their injection into the N.Acc. 

Prorcdun 

Fifteen rats that had had bilateral cannulae aimed to terminate in the N.Acc, and 

which had previously undergone place conditioning testing, were pre-satiated in their 

home cages with regular chow as in Experiment #la. One hour later, saline, muscimol 

(100 nglside), or morphine (5 @side) was injected, and rats were returned to their cages. 

Regular chow intake (g) minus spillage was measured 1 and 2 hrs later. There was at 

least two days separating test days, and all rats received the treatments in a semi- 

randomised manner. 

!m!h 
One rat was found to have inaccurate ca~u1a.e placements, so its data were 

excluded from the analysis. 



Results from this experiment are shown in Figure 22. Two -ate one-way 

ANOVAs revealed a significant main effect of drug both for f hr, E(2,26) = 5.89, p = 

.008, and 2 hr, E(2,26) = 17.73, < .001, intake. Post-hoc analyses using Dunnett's test 

showed that 1 hr intake following muscimol was significantly higher than d ine  @ < -05) 

whiie 2 hr intake did not reach statistical significance. Morphine elicited significant 

increases in chow intake at both 1 hr (p < .Ol) and 2 hrs (O < .01) post-injection. 



F-e 22. Effkcts of N.Acc muscimo1(100 &side) and morphine (5 pghide) on regular 

chow feeding. 

* = p < .OS (compared to basehe)(hmett's test) 

** = < .O1 (compared to baseline)@u~ett's test) 
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General Dhcurion; 

NPY's involvement in mmlatorv feedint ~rocuseg  

The results of Experiment #la clearly indicate that NPY injected into the PFH 

dose-dependently increases the consumption of a nutritive, yet non-prefmed, food type, 

supporting the notion that NPY in the PFH is involved in processes underlying regulatory 

feeding behaviour. The administration of FLU, either peripherally or directly into the 

N.Acc, had no attenuating effect on this response. In fact, the lowest dose of FLU in the 

N.Acc resulted in a significant increase in PFH NPY chow intake above baseline levels. 

NPY in the N.Acc did not significantly increase regulatory food intake; however, there 

was a slight, but statistically insignificant, increase following administration of the 78 

pmol dose. According to earlier predictions (see Table Z), these results illustrate a 

regulatory feeding role for NPY in the PFH. 

A role for hypothalamic NPY in regulatory feeding mechanisms has been 

documented by a number of authors. Stanley and Leibowitz (1984) found that PVN- 

injected NPY still exerted strong eating-stirnulatory effects when food was withheld until 

4 hrs post-injection, indicating that food itself acts as an antagonist to NPY's intake- 

stimulating effects, and that NPY does not simply lose effectiveness over time. This 

finding lends some credence to the idea that NPY's effects on fading may depend on its 

actions on satiety mechanisms (Leibowitz & Alexander, 199 1; Paez & Myers, 199 1); 

however, it does not preclude the presence of behavioural activating effects of NPY. In 

fact, the behavioural activating effects of NPY on feeding behaviour have been posited to 

result from its effects in the PFH, while the physiological and autonomic e m s  arc 

believed to stem &om its actions in the PVN (Stanley, 1993). 



The most conclusive evidence for NPY's role in regulatory feeding comes fiom 

its involvement in the behavioural "loop" system with circulating levels of leptin (Gehlert 

& Heiman, 1997; Rohner-Jeanrenaud et al., 1996). When NPY is injected icv, plasma 

leptin levels are decreased; similarly, when leptin is injected icv, PVN levels of NPY are 

reduced (Wang et al., 1997), indicating that this relationship is reciprocal in nature. NPY 

administration also increases insulin met ion  and glucose metabolism when it is injected 

icv (Marks & Waite, 1996), while leptin administration results in a reduction of 

h y perg l ycemia and hyperinsul hernia (Hamann & Matt haei, 1 9%). 

The idea that NPY's effects on regulatory feeding are DA-independent is 

supported by our results and the findings of Levine & Morley (1984), who demonstrated 

that peripheral haloperidol decreased NPY-induced feeding, but only at doses that 

attenuated other behaviours such as drinking. This suggests that the effects of DA 

antagonism on NPY-induced feeding are non-specific in nature. The doses of peripheral 

FLU used in Experiment #lb, however, did not have generalised effects on activity. 

Those doses were chosen based on previous reports demonstrating that they were able to 

attenuate reward-sensitive measures such as cocaine administration (Roberts & Vickers, 

1984) and the locomotor response to amphetamine (Swerdlow, Vaccarino, Amalric, & 

Koob, 1 986), but not spontaneous motor activity (Ahleniu s, Hillegaart, Thorell, 

Magnusson, & Fowler, 1987). Likewise, the doses of FLU injected directly into the 

N.Acc were chosen based on previous reports showing that doses in this range blocked 

the feeding induced by the orexigenic agent 8-OH-DPAT while leaving deprivation- 

induced feeding unaffected (Fletcher, 199 1). 

The finding in Experiment #4b that the same doses of FLU attenuated AMPH- 



induced hyperactivity, an effect that depends on mesolimbic DA release (Sdamone et al., 

1997; Di Chiara, 1995; Evans & Vaccarino, 1986). refutes the proposition that FLU was 

not having any effect on behaviour due to the use of an ineffective dose range. 

Furthermore, the injections of FLU in both studies were administered to animals that had 

had cannulae implanted using the same co-ordinates and the same surgical procedures. 

This, in addition to subsequent histological verification, makes the possibility of 

inaccurate cannulae placements in the FLU/NPY study unlikely. 

The apparent increase in PFH NPY-induced feeding following the 1.25 pg dase of 

FLU in the N.Acc (Experiment #lc) may reflect an effkct of FLU on pre-synaptic 

autoreceptors, resulting in an overall increase in DA in the N. Acc. Such an increase in 

N.Acc DA, when produced by the administration of very low doses of AMPH, has been 

shown to result in increases in food intake (Sills et al., 1993). That the higher dose of 

FLU did not result in such an increase might reflect it ability to block post-synaptic 

receptors in addition to pre-synaptic ones, resulting in decreased DA activity in the 

N.Acc. The possibility of the 1.25 pg dose of FLU increasing DA levels seems unlikely, 

however, as the same dose in the N.Acc did not result in an increase in AMPH-induced 

locomotor activity (Experiment #4b), a behaviourd measure that is also dependent on 

DA activity. 

Finally, the finding that N.Acc NPY in the present dose range had only a slight, 

yet non-significant, effect on regulatory feeding behaviour is not surprising given the 

findings of Stanley a al. (1985). These authors found that, while hypothalamic NPY 

injections resulted in a robust increase in food intake, several extra-hypothalamic sites 

were ineffective. Once again, we can be confident that the NPY injections were reaching 



their target site, as AMPH injected through cannulae aimed at the same site elicited 

increased locomotor activity (Experiment Ma), an effed mediated by its effects on N.Acc 

DA (Salamone et al., 1997; Di Chiara, 1995; Evans & Vaccarino, 1986). Furthermore, 

that the target site was capable of supporting increased fceding behaviour was confirmed 

by the effkctiveness of both muscimol and morphine to increase food intake following 

their injection into the N.Acc (Experiment Mc). 



Table 2. Summary of experimental paradigms and obsmed outcomes. 



PROCESS EXPERIMENTAL 
PARADIGM 

REGULATORY 
FEEDINC 

I I Progressive ratio 
operant responding 

Free-feeding (chow) 

NON- 
REGULATORY 
FEEDING 
(REWARD) 

Free- fixding 
(sucrose) 

I PREDICTED I PREDICTED OUTCOME 
OUTCOME OF OF PFR-APPLIED NPY: 

REWARD 
blocked by FLU I place aversion I 

for sucrose 
Conditioned place 



Sucrose is a preferred food type, as baseline intake levels were significantly 

greater (+83%) than baseline chow intake (Experiment #2a). Although PFH 

admini stration of NPY dose-dependent ly increased sucrose intake, this increase was 

analogous to NPY's effect on chow intake and was not preferential to sucrose. This 

suggests that the role of PFH NPY is purely regulatory, as non-regulatory effects would 

be expected to result in a preferential increase in sucrose intake (see Table 2). 

Furthermore, as in Experiment #lb, DA did not appear to mediate the regulatov effects 

of PFH NPY on sucrose intake, as indicated by the fact that the administration of N. Acc 

FLU did not attenuate this response. N.Acc administration of NPY did not result in any 

increases in sucrose intake; this finding suggests that the slight feeding-stirnulatory 

effects seen in Experiment #la may have reflected diffusion of NPY into the lateral 

ventricles, possibly reaching feeding sensitive sites. 

Some authors have found that internal cues (Seeley et al., 1997) and patterns of 

behaviour (Levine et al., 1991) following NPY administration do not completely mimic 

those experienced by animals in a fooddeprived state. In the present study, although 

NPY administration increased sucrose intake as compared to baseline, it did not do so 

any more than chow intake, indicating that NPY's effects are proportionately greater on a 

regulatory feeding mechanism rather than a non-regulatory, reward-enhancing system. 

Anecdotally, once the 2 hr sucrose feeding test had been completed, and regular chow 

was returned to the animals' cages, many rats that had received NPY appeared to change 

their preferences to the chow, and continue feeding. This observation, albeit 

inconclusive, lends support to the notion that the animals were attempting to satiate some 



homeostatic need that was not met by ingesting sucrose alone. It is interesting to 

speculate that, although not entirely equivalent to those accompanying deprivation- 

induced feeding, the int ma1 cues produced by NPY administration may nevertheless 

correspond to homeostatic-like stimuli. Peripheral cues such as stomach distension 

and/or learning effects such as the animal's memory of when it last ate are bound to be 

distinct during the behavioural state produced by NPY and the state of food deprivation. 

It may be that an organism is able to discern between the two states, even though the two 

activate similar regulatory, rather than non-regulatory, processes. Indeed, one 

explanation for the observed increases in activity levels seen with NPY-treated animals 

vs. food-deprived ones (Levine et al., 1991) might be that the NPY-treated rats simply 

have more peripheral energy stores from which to gather fuel. 

The finding that NPY administration does not affect the consummatory phase of 

ingestion (Seeley et al., 1995) can also be explained using the same logic. If the signal 

produced by NPY is of a behavioural-activating nature that signals an organism to eat, 

then an animal may need to perform an actual approach-like, or appetitive, response in 

order to satisfy it. Following this reasoning, it is not surprising that NPY does not 

increase intraoral intake (Seeley et al., 1995), as this reflexive test does not require any 

form of appetitive response. That is to say, even though NPY has its effects on 

regulatory aspects of feeding, this does not necessarily mean that its stimulus state 

completely parallels that of food deprivation. 

The observation that NPY administration results in much larger increases in 

palatable food intake (Stanley & Leibowitz, 1985) than in intake of a non-preferred food 

type (Brown & Coscina, 1995) may reflect methodological differences in techniques and 



cannulae placements, rather than genuine differences in NPY's capability to stimulate 

intake of various food types. While animals in one study (Stanley & Leibowit4 1985) 

were maintained and tested on a we$-mash diet consisting of 37% sucrose and 1% 

Carnation evaporated milk, animals in the other study (Brown & Coscina, 1995) were 

maintained and tested on standard Purina rat chow. Therefore, the differences in intake 

may simply reflect the additive nature of NPY-simulated intake above (already elevated) 

baseline levels, similar to that obsenred in the present study. 

That NPY in the N.Acc did not increase sucrose consumption is somewhat 

unexpected given its effects on other DA-mediated behaviours such as CPP (Josselyn & 

Beninger, 1993) and circling behaviour (Moore e$ al., 1990). The possibility that NPY 

injections were not reaching DA terminal areas can be refuted, as AMPH injections in the 

N.Acc were found to increase locomotor activity (Experiment Ma), an effect mediated by 

N.Acc DA (Salarnone et al., 1997; Di Chiara, 1995; Evans & Vaccarino, 1986). That the 

injection sites were, in fact, capable of eliciting increased feeding behaviour was verified 

in Experiment #4c, wherein both muscimol and morphine stimulated intake. 

PFH NPY-stimulated sucrose consumption is DA-independent, as injections of 

FLU into the N. Acc failed to attenuate this response. That the FLU injections were, in 

fact, capable of inhibiting other DA-mediated behaviour was ascertained by the finding 

that the same injections into the N. Acc attenuated peripheral AMPH-stimulated 

locomotor activity (Experiment Mb). Although DA does not appear to play a significant 

role in the NPY feeding response, this does not preclude the possibility that NPY is 

acting in conjunction with (an)other neurotransmitter system(s). One candidate is the 

endogenous opioid system, as the administration of opioid antagonists in satiated 



(Borisova, M a r ,  & Telegdy, 199 1; Kotz, Grace, Briggs, Levine, & Billington, 1995) or 

food-deprived (Schick, Schusdziarra, Nussbaumer, & Classen, 1991) n t s  attenuates icv 

NPY-induced feeding. More specifically, PVN NPY-induced fading is reduced to 

baseline levels following injaions of naltrexone into the nucleus of the solitary tract, 

indicating that opioidergic pathways in this area may underlie NPY7s orexigenic effects. 

The propensity to ingest sucrose following treatments which increase N.Acc DA 

transmission is dependent on individual differences in endogenous N.Acc DA activity, 

with, for example, AMPH fbacilitating sugar consumption in low baseline feeders while 

inhibiting it in high feeders (Sills et al., 1993; Sills, 1994). The possibility exists, 

therefore, that the lack of effects seen following NPY administration might reflect the 

equal distribution of rats across these two types of baseline feeders. The data were 

examined for this possibility by performing a median split on N.Acc rats in Experiment 

#2a and analysing their 1 hr sucrose intake, however, and no distinctive relationship 

between the two (baseline intake and NPY-stimulated intake) was evident @(I, 8) = .82, 

g > .lo). 



PJPYss invohre(gglt in D- 

PR r ~ n d i n i t  for sucrose m a d  ~ t l l t t t ;  

The PR operant schedule is a measure that dacnnines an organism's motivation 

to respond for rewarding stimuli (Roberts & Richardson, 1992). In Experiment #3a, NPY 

injected into the PRI, but not the N.Acc, was found to dose-dependently increase PR 

responding for sucrose reward pellets. Peripheral DA blockade with FLU inhibited the 

PFH MY-induced increase in PR responding as effectively as it did drug-free 

responding, indicating that distinct DA-mediated, reward-related effects of NPY are 

improbable. 

These results can be s&n as agreeing with the results of a study where raclopride, 

a D2/D3 antagonist, dose-dependently decreased drug-free PR performance in animals 

responding for 95% sucrose pellets (Cheeta, Brooks, & Willner, 1995). Our data are also 

consistent with the finding that DA antagonism impairs PR responding maintained by 

cocaine infusions (Roberts, 1992). One explanation for these results is that DA 

antagonism impairs motor performance. That possibility seems unlikely, however, since 

DA antagonism has been shown to increase responding on a continuous or fixed 

reinforcement schedule when very sweet reinforcers are used (Phillips, Willner, & 

Muscat, 1991) or when the dose of cocaine used lies on the descending limb of a dose- 

response curve (Roberts & Vickers, 1984). Furthermore, the doses of FLU tested in 

Experiment #3b were previously shown to have no effect on spontaneous locomotor 

activity (Ahlenius Hillegaart, Thorell, Mapusson, & Fowler, 1987). Our finding that 

the lowest dose of FLU tested had greater attenuating effects on drug-fne vs. NPY- 

induced responding suggests that partial DA antagonism may be overpowered by an 



appropriately strong motivational stimulus, such rs NPY. 

Our finding that FLU dose-dependently decreased NPY-induced PR operant 

responding, but had no effect on NPY-induced free-fceding of either chow (Experiments 

#lb and #Ic) or sucrose (Experiment #2b), suggests that DA's involvement in feeding 

behaviour may be limited to components of that behaviour which are only activated 

during operant responding. In other words, DA may contribute to the performance of 

behaviours that are anticipated or learned, such as operant responding, while being less 

involved in primarily unlearned behavioun such as feeding. This conclusion is in 

agreement with the finding that DA levels in the N.Acc increase during instrumental 

performance for food but not during fia food consumption (Salamone et al., 1994). 

These authors concluded that increases in N.Acc DA which accompany operant 

responding may facilitate the ability of an organism to overcome obstacles that separate it 

from significant stimuli. It is clear from the present studies that DA is involved in PR 

operant responding; however, it does not appear to have any effects that are specific to 

M Y ' S  actions on such behaviour. 

NPY and conditioned dace  reference; 

The administration of a low dose (24 pmol/side) of NPY into the N. Acc resulted 

in a significant CPP. This effect paralleled the CPP produced by peripheral AMPH (2.5 

mglkg). The same dose of NPY injected into the PFH also appeared to result in a CPP; 

however, it did not reach statistical significance when a two-tailed t-test was used. If 

more animals had been tested, or if we had been able to make a prediction regarding the 

direction of the results for injections into the PFH, it is possible that this effect would 



have reached statistical significance. A medium dose of NPY (1 56 pmoUside) into either 

brain site f'ailed to have any observed effects on place conditioning, indicating that NPY 

has rewarding e f f '  in both brain structures only when it is given in a low dose. One 

explanation may be that the 156 pmoUside dose produced a s p r d  of eRkt to other 

adjacent areas, counteracting the CPP effects seen with the low (24 pmol/side) dose. It is 

interesting to note that Moon, Merali and Bcninger (1 994) found that 24 pmol(O.1 pg) 

of NPY, but not 235 pmol(l.O pg), resulted in significant comrdateral tuming behaviour 

when it was injected into the striatum, an effect that was blocked by co-administration of 

FLU. This supports the notion that NPY's effects on the mesolimbic DA system occur in 

a limited dose range. 

The nature of the CPP produced by NPY in the N.Acc, as opposed to that 

produced by NPY in the PFH, seems to be different. A negative correlation was found 

between NPY-induced chow intake and time spent on the drug-paired side of the 

conditioning apparatus for animals that had been injected with 24 pmol of NPY in the 

PFH, while no such correlation existed for animals injected with the same dose in the 

N.Acc. This finding may indicate that the rewarding effects of low doses of NPY in the 

PFH are overshadowed when feeding effeas occur concurrently. Hunger has been 

shown to result in a CPA (Harrington & van der Kooy, 1992; Bechara & van der Kooy, 

1 W2), and would therefore be expected to decrease any rewarding effects of NPY. That 

no effect of NPY on CPP was observed following the administration of the 156 pmol 

dose in the PFH can be accounted for in the same manner. It is possible that NPY at 

higher doses also has rewarding properties, but that either its potent orexigenic effects or 

other non fding-related effects obscure these. This type of result has been seen in CPP 



tests with other compounds where a CPP is evident following a low dose, but disappears 

when a hisher dose is used. For example, dorsal raphe injextions of a low dose of the 

orexigenic agent 8-OH-DPAT result in a CPP, while a dose 10 times greater in size had 

no effect (Fletcher, Ming, & Higgins, 1993). These authors speculated that the 

hypotensive and hypothermic effects of the higher dose of 8-OH-DPAT might 

overshadow its rewarding properties, preventing the development of a CPP. It is possible 

that the orexigenic effbcts of NPY, or its corollary effects on hypotension (Harfstrand, 

1986) and hypothennia (Okita et al., 1990) play a similar role. It is interesting to note that 

the hypotensive effects of NPY disappear when animals are allowed to eat (Hdstrand, 

1986), a condition that was not established during CPP testing in the present study. 

Furthermore, NPY injected at a dose that results in increased food intake also generates a 

robust conditioned flavour aversion (Sipols, Brief, Ginter, Saghafi, and Woods, 1992). 

These authors interpreted this, apparently paradoxical, effect of NPY to be indicative of 

different populations of central NPY receptors having dissimilar effects on ingestive 

behaviours. Alternatively, the authors suggest that stimuli that induce excessive amounts 

of food ingestion may be inherently aversive. Regardless, it is clear from our results that 

any potentially rewarding effects of P M  NPY do not depend on its effects on feeding. 

Although confirming the results of Josselyn and Beninger (1993), the finding that 

NPY results in a CPP when injected in low doses into the N. Acc, as well as the apparent 

finding that a low dose of NPY seems to result in a CPP when injected into the PFH, 

needs to be interpreted with caution. Experiment #3d was designed to assess the effects 

of peripheral DA antagonism on the NPY CPP. However, the results of Experiment #3c 

were not replicated, so it was impossible to assess whether DA-ergic mechanisms are 



involved in the CPP response. These results, therefore, provide no support for those of 

Josselyn and Beninger, who found that intra-accumbens FLU blocked the CPP produced 

by NAcc NPY. One conclusion that can be drawn fiom the present study is that the 

effects of NPY on CPP are fragile. More carefully controlled experimentation is needed 

before any conclusive statements regarding NPY's rewarding effects, and the 

contribution of DA to said effects, can be made. Our initial finding of a CPP in N.Acc 

NPY-treated rats replicates the work of Josselyn ct al. (1993) and, therefore, implies that 

this effect is genuine. 

The CPP effect of a low dose ofNPY in the PFH or the N.Acc could not be 

replicated in Experiment #3 d. That methodological differences could account for NPY's 

lack of effect on CPP is unlikely, as all conditions and procedures remained constant 

throughout Experiments #3c and #3d. While great care was taken while executing all 

experiments, it remains possible that some subtle foctor, such as the time of year at which 

the test was conducted, or the different cohort of animals used, may have affected the 

results. Negative results are notably difficult to interpret, however, and this has 

frequently been raised as one of the main disadvantages of the CPP paradigm (Carr et al., 

1989). 



NPY's invohtement in eating disorders m d  substance abuse: A miged hy~othegia 

The finding that NPY levels are disrupted in certain eating disordered populations 

(Kaye a el., 1990), and that its administration in animals results in voracious feeding 

behaviour (Brown & Coscina, 1995; Stanley, 1993), combined with the finding that NPY 

has rewarding effects of its own (Josselyn & Beninger, 1993), led to the proposition that 

the NPY system may underlie a common diathesis that predisposes individuals towards 

developing eating and substance abuse disorders. While the collective results of the 

present thesis do not support a role for NPY in non-regulatory and reward-related 

behaviours, there remains the possibility that other properties of NPY are common to 

both disordsrs. NPY's anxiolytic effects, and its apparent involvement in depressive and 

anxiety disorders, may be such a property. 

NPY has anxiolytic effects in animal models of anxiety such as Montgomery's 

conflict test and Vogel's drinking conflict test (Heilig et al., 1989). As well, icv NPY and 

its C-terminal fragments dose-dependently increase preference for the open arms in the 

elevated plus-maze and inhibit fear-potentiated startle, effects that are likely mediated by 

Y 1 receptors (Broqua et al., 1995). One site of action of NPY's anxiolytic effects 

appears to be the central nucleus of the amygdala, as injections there reproduce the 

effects of icv NPY on the elevated plus-maze (Wahlestedt & Heilig, 1995). NPY given 

icv to olfactory bulbectomized rats, an animal model of depression, results in the 

reduction of certain depressive symptoms (Song et d., 1996)' while cocaine withdrawal, 

which also produces depressive symptoms, results in decreased N.Acc and cortex levels 

of NPY (Wahlestedt a al., 1991). These observations led to the proposal that NPY may 

be involved in the pathophysiology of major depression, a condition that is often 



accompanied by heightened levels of anxiety. 

Reduced plasma (Nilsson a al., 1996) and CSF (Widerlev a al., 1988) NPY 

immunoreactivity is evident in depressed patients, and marked reductions in tissue levels 

of NPY irnmunoreactivity are seen in the brains of suicide victims, particularly those with 

a verified diagnosis of major depression (Widdowson, Ordway, & Halaris, 1992). 

Plasma levels of NPY are negatively correlated with anxiety symptoms in depressed 

patients (Widerlov et al., 1989), indicating that lower levels of this peptide are observed 

in depressed patients with more severe levels of anxiety. In addition, increased levels of 

NPY immunoreactivity are found in rat brain tissue after chronic treatment with tricyclic 

antidepressants (Heif ig, Wahlestedt, Ekman, & Widerldv, 1988). 

Lifetime prevalence rates for affective disturbances in bulimic subjects are 

reported to be as high as 88% (Walsh et al., 1985). Associations have also been noted 

between depression and substance abuse @eykin et al., 1986), including alcoholism 

(Weissman & Myers, 1980). Antidepressant medications are effective in treating certain 

eating disorders, especially bulimia (Kennedy & Goldbloom, 1 Wl), as well as being 

effective in the treatment of substance abuse (Batki, Manfiedi, Jacob, & Jones, 1993; 

Kosten a al., 1992). It is possible that, due to its involvement in anxiety and depression, 

NPY is decreased in those individuals predisposed to developing substance abuse and/or 

eating disorders. The elevated levels of NPY seen in underweight and weight-restored 

anorexics (bye et at., 1990) may reflect the 'post-treatment' effects of food restriction 

and weight loss. This explanation is consistent with the ~el~medication hypothesis of 

eating disorders and substance abuse, wherein patients are hypothesised to be self- 

treating their underlying symptoms of depression (Krahn, 1991). It would be interesting 



to measure CSF NPY levels in individuals experiencing substance abuse problems. 

Following the above line of reasoning, those people who are currently abusing substances 

should show an increase in NPY immunorerctivity, while those who we predisposed to 

abusing substances but have not yet started to use, or those who are in withdrawal, should 

exhibit a decrease in NPY levels. This would parallel the finding that NPY levels are 

significantly reduced in the brains of rats given repeated administrations of cocaine over 

a two week period (Wahlestedt et al., 1991), an effect believed to reflect the anxiety and 

depression commonly associated with cocaine withdrawal in humans. 



nenl  conclusion^ 

The present thesis has provided support for the following hypotheses that were 

outlined in the Introduction (Table 1) and are presented in Table 2: 

1. NPY injected into the PFH is involved primarily in regulatory feeding, as intake of a 

preferred food type (sucrose) did not increase preferentially as compared to chow 

intake following NPY administration. Furthennore, although PFH NPY produced a 

slight increase in PR responding for sucrose, this effect was likely due to its 

involvement in regulatory feeding, as DA antagonism with FLU failed to 

differentially decrease NPY-, compared to drug-fiee, responding. 

2. DA does not mediate the effects of PFH NPY on regulatory feeding, as the 

administration of FLU did not block intake of either chow or sucrose. NPY's 

orexigenic effects are likely due either to its effects on its own receptor system andor 

to its effects on another neurotransmitter system. 

3. NPY has no effects on feeding or on PR responding when it is injected into the 

4. NPY may have rewarding effects in the N.Acc at a low dose, as the administration of 

24 pmoVside of NPY resulted in a CPP. In the PFH, NPY produced an apparent, yet 

statistically non-significant, CPP. Since these results could not be replicated in a 

second study, the eff-s appear to be of a precarious nature. 



5. NPY in the N. Acc and the PFH at a highs dose (1 56 pmollside) does not have 

rewarding e m s ,  as evidenced by the lack of effkct on CPP. 

In summary, the effects of NPY in the PFH and the N.Acc seem to represent a 

double-dissociation. The PRI underlies MY'S effects on regulatory feeding but has 

limited effects, if any, on reward-relevant behaviour. Conversely, NPY in the N.Acc can 

support reward-related, but not feeding, effects. DA does not contribute to MY'S 

regulatory feeding response in the PFH, while its involvement in the rewarding effects of 

NPY in the N.Acc is equivocal. 
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