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ABSTRACT 

Lesions of the ventromedial hypothalamus (VMH) result in an 

obesity syndrome characterized by metabolic and behavioral 

disturbances. It: has recently been indicated that damage to the 

paraventricular nucleus of the hypothalamus (PVH) also leads to changes 

characteristic of obesity. Although deficits following VMH lesions 

have been characterized extensively, less is known about the 

consequences of PVH damage. This thesis presents a series of 

experiments prov:L.ding a detailed comparison of the two hypothalamic 

lesion syndromes. 

Initially, to assess the basic features of the syndromes, rats 

underwent VMH, PVH, or sham lesions and were maintained ad libitum for 

15 weeks on a series of test diets. Overall, lesion groups gained 

similar amounts of weight (significantly more than controls) and were 

equally hyperphagic. However, carcass analyses revealed that although 

both lesion groups had larger body fat compartments than controls, 

VMH rats were fatter than PVH animals. Similarly, although insulin 

levels in both l•~sion groups were elevated, only VMH rats had a 

significant hype:r:insulinemia. 

A defining feature of the VMH obesity is the development of 

certain disturbances of visceral secretion and excessive adipose stores 

even in the absence of hyperphagia. To assess whether the PVH obesity 

shares these characteristics, food intake of PVH and VMH rats were 

restricted postlo:!sion to control body weights. First, gastric acid 
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secretion was measured to index lesion-induced changes in visceral 

secretion. VMH :rats developed a persisting hypersecretion immediately 

postlesion; acid secretion levels of PVH rats were normal. In a second 

experiment, PVH and VMH rats were maintained at control weights for 28 

days postlesion by restricted feeding of either a standard pellet or 

high fat diet. In both diet conditions, VMH rats became obese but PVH 

rats did not. 

Finally, the~ effects of PVH and VMH lesions on behavioral 

reactivity to orosensory properties of food were assessed by comparing 

the sham feeding responses of PVH, VMH and control rats to liquid diets 

varying in palata.bility. Control animals increased sham feeding with 

ascending sucrose concentrations. VMH animals showed 

disproportionately large increases in consumption with increased 

sucrose. PVH animals showed sham feeding changes similar to VMH rats. 

These data indicate similar effects of PVH and VMH lesions on 

behavioral measures; specifically, in normal, and sham, feeding. 

However, these two lesions produce different effects on metabolic and 

secretion measures. It is concluded that the etiologies of the two 

obesity are fundamentally different. 
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CHAPTER 1. INTRODUCTION 

Experimental investigations of feeding behavior, and related 

phenomena such as bc,dy weight maintenance and energy regulation, have 

attracted interest from a variety of disciplines. In physiological 

psychology, analysis of feeding behavior has concentrated on 

physiological mechanisms in the periphery and central nervous system 

which mediate eating. One approach adopted for these investigations 

has been to study the pathogenesis of feeding disorders produced by 

experimentally-induced damage to certain parts of the brain. One class 

of these feeding disorders is produced by damage to the hypothalamus, a 

structure within the diencephalon associated with homeostasis and 

vegetative function. Either anorexia (cessation of eating) or 

hyperphagia (excessi·~e eating) can be produced by hypothalamic 

ablation depending 011 the locus of damage in the hypothalamus. These 

hypothalamic eating disorders have become model systems for 

physiological investigation of eating because it is believed that 

identification of thE! mechanisms producing the eating disturbances will 

provide insight into the central nervous system control of feeding 

behavior. The present thesis explores in detail the behavioral and 

physiological disturbances produced by damage to two hypothalamic sites, 

the ventromedial hypc,thalamus (VMH) and paraventricular hypothalamus 

(PVH). 

In a series of e:xperiments in the early 1940's, Hetherington and 

Ranson (1939, 1940, 1942a and 1942b) demonstrated that bilateral 
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electrolytic les:lons of the VMH caused animals to overeat and become 

obese. Their findings indicated the VMH as a brain site involved in 

the control of fHeding behavior. During the next four decades, the 

behavioral and physiological changes induced by VMH lesions were 

investigated extensively and the results of these analyses have been 

extended to substantiate various theories on the physiological control 

of feeding behavior and body weight (see Bray and York, 1979; Powley, 

Opsahl, Cox and l-leingarten, 1980). 

More recently, it has been demonstrated that damage to another 

site in the hypothalamus, the paraventricular nucleus of the 

hypothalamus (PVH), located just anterior and dorsal to the VMH, also 

produces overeatlng and increased body weight (Aravich and Sclafani, 

1983; Leibowitz, Hammer and Chang, 1981; Sclafani and Aravich, 1983). 

These findings suggest the PVH as another brain locus participating in 

the regulation of feeding or as part of a neural circuit common with 

the VMH involved in the control of these functions. The discovery of 

a second hypothalamic site with effects on feeding and body weight 

similar to the VMH raises several questions regarding our present 

conceptualizations of the central nervous system control of feeding and 

body weight. For example, do the PVH and VMH represent two points in a 

common hypothalamic neural circuit mediating feeding and body weight 

control or do they operate via independent mechanisms? As well, how 

similar or different are the physiological mechanisms mediating the 

behavioral and physiological changes associated with damage to these 

areas? Answers to these questions require a detailed comparison of the 
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similarities and differences between the behavioral and physiological 

changes produced by damage to these two hypothalamic sites. 

The present thesi.s was undertaken to provide such an analysis by 

comparing the behavioral and physiological changes following PVH and 

VMH lesions. The available literature on VMH-lesion effects is 

extensive. In contrast, little is known about the consequences of PVH 

lesions on either physiology or behavior. Thus, this thesis also 

serves to document the changes produced by damage to the PVH. 

In the remainder of this introduction, the data on VMH lesion 

effects are reviewed selectively with the aim of characterizing the 

disturbances comprising the VMH syndrome and examining the pathogenesis 

of this syndrome. Next, the relevant literature on PVH lesion effects 

is summarized with special emphasis on identification of the critical 

information needed to further characterize this syndrome and to 

elucidate the pathogenesis of the PVH lesion syndrome. 

I .1 THE VMH SYNDROME 

Two classes of disturbances, behavioral and metabolic, are 

produced by VMH lesions. The characteristics of these dysfunctions are 

discussed in turn. 

1.1.1 Behavioral Disturbances of the VMH Syndrome 

The' most pronounced behavioral difference between VMH lesion and 

normal animals is an elevation of the lesion animals' food intake, 

i.e., a hyperphagia. Correlated with this hyperphagia is a 

corresponding body we:tght increase. The hyperphagia and excessive 
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weight gain following VMH lesions possess several characteristics. 

First, hyperphagia and weight gain are apparent immediately postlesion. 

Some of the earliest descriptions of this syndrome documented that VMH 

rats took inordinately large meals immediately upon awakening from the 

anesthesia (Brobeck, Tepperman and Long, 1943). In fact, the extreme 

hyperphagia observed. in the hours following surgery is often lethal and 

it has become customary to deprive VMH rats for about 24 hours after 

surgery. 

A second characteristic is that the degree of hyperphagia and 

weight gain vary with time postlesion. Two phases are distinguished. 

The·"dynamic phase" is the period of greatest hyperphagia and most 

rapid weight gain. During the dynamic phase, VMH rats consume as much 

as 2 to 3 times normal daily caloric intake (Corbit and Stellar, 1964). 

This elevated level c,f food intake is due primarily to an increased 

meal size (Brooks, Lockwood and Wiggins, 1946; Tepperman, Brobeck and 

Long, 1943), although a small increase in meal frequency, especially 

during the daylight hours, may also be observed (Becker and Kissileff, 

1974). Gradually, the degree of hyperphagia and the rate of weight 

gain decrease and, when this occurs, the VMH lesion animal has entered 

the "static phase". In the static phase, VMH rats consume only 

slightly more food than normal, but their body weights remain at 

elevated levels (Brooks and Lambert, 1964). The decreased eating 

during the static phase does not represent a recovery of the disrupted 

::eeding controls, sinc.e restricting the VMH rat's food intake during 

the static period initiates a second dynamic phase of hyperphagia and 

~reight gain (Brooks and Lambert, 1964; Hoebel and Teitelbaum, 1966). 
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A third feature of the VMH lesion effects on hyperphagia and 

weight gain is the dependence of the magnitude of these disturbances on 

the diet upon which the rats are maintained. The degree of hyperphagia 

is influenced considerably by maintenance diet. For example, VMH rats 

maintained on a high fat diet.may consume twice normal levels. This 

diet produces the largest body weight gains (Corbit and Stellar, 1964; 

Teitelbaum, 1955). On carbohydrate-rich diets, VMH rats are less 

hyperphagic and weight gain is less pronounced (Graff and Stellar, 

1962; Teitelbaum, 1955). if the maintenance diet is adulterated with 

appropriate amounts 1>f a bitter adulterant, such as quinine, the food 

intake of VMH lesion rats may drop sharply (Ferguson and Keesey, 1975; 

Kennedy, 1950; Miller, Bailey and Stevenson, 1950; Teitelbaum, 1955), 

and, in fact, may fall to normal levels (Ferguson and Keesey, 1975). 

It has been established that the modulatory impact of different 

diets on VMH lesion-:f.nduced hyperphagia reflects a lesion-induced 

alteration in reactiv·ity to sensory properties of foods, such as taste 

and texture. Changes in the texture of a diet, without affecting the 

taste or caloric value, affect the magnitude of hyperphagia. VMH rats 

maintained on powdered rat pellets evidence little or no hyperphagia 

(Corbit and Stellar, 1964). However, the same diet in pellet form, or 

mixed with nonnutritive mineral oil, supports a more dramatic 

hyperphagia (Carlisle and Stellar, 1962). This behavioral 

hyperreactivity to the sensory qualities of foods is a direct 

consequence of the VMH lesions and, contrary to several suggestions, is 

not a secondary consequence of an increased body weight. For example, 

Weingarten (1982) demonstrated the altered taste reactivity even in VMH 
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rats maintained at normal body weights. Thus, in the behavioral realm, 

three distinctive characteristics of VMH lesions are evident -- i) 

excessive level of eating, i.e., hyperphagia; ii) increased weight gain; 

and iii) an altered responsiveness to the sensory properties of food. 

1.1.2 Metabolic Disturbances of the VMH Syndrome 

VMH rats also exhibit metabolic dysfunctions. The most apparent 

effect is the obesity which develops postlesion. The definition of 

obesity is an excessive accumulation of body fat. The elevated body 

weights of VMH rats result almost exclusively from an increase in the 

size of the body fat compartment (Bernardis and Frohman, 1970; Holm, 

Hustvedt and Lovo, 1973; Hetherington and Weil, 1940; Keesey and Powley, 

1975). The degree of obesity can be dramatic. VMH rats maintained on 

high fat diets may eYidence fat compartments which constitute more than 

50% of total body weight (Hetherington and Ranson, 1940; Kennedy, 1950; 

Montemurro and Stevenson, 1957). The increase in body fat results from 

an increase in the s:lze of the fat cell, i.e., an adipocyte hypertrophy 

(Hirsch and Han, 1969). 

A critical, and only more recently recognized, feature of VMH 

obesity is that its development is independent of hyperphagia. 

Although overeating E!nhances the degree of obesity, an elevation of fat 

storesooccurs even when the food intake of the VMH rat is restricted to 

control levels (Cox and Powley, 1981; Han, 1967). In these studies, 

pair-feeding regimens are used to eliminate hyperphagia by feeding VMH 

rats only as much food as is eaten by a paired control animal. 

Normophagic VMH rats, however, still develop significantly greater 
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levels of carcass fat. This finding indicates that the development of 

the obesity in ~lH lesion animals is not a consequence of hyperphagia, 

but rather, it is a direct effect of the VMH lesions. 

VMH animals also display elevated levels of visceral secretion. 

For example, VMH rats have significantly higher levels of circulating 

plasma insulin (F'rohman, 1970; Frohman and Bernardis, 1968; Hales and 

Kennedy, 1964) and gastric acid (Inoue and Bray, 1977; Powley and 

Opsahl, 1974; Ridley and Brooks, 1965; Weingarten and Powley, 1980). 

These changes are often apparent within hours or days of the production 

of the lesions (Berthoud and Jeanrenaud, 1977; Han and Frohman, 1970; 

Ridley and Brooks, 1965; Rohner et al., 1977; Steffens, Mogenson and 

Stevenson, 1972; Weingarten and Powley, 1980). As well, similar to 

the obesity, these secretion changes can be independent of hyperphagia. 

Even VMH rats prevented from hyperphagia and excessive weight gain by 

restricted feeding show elevated levels of plasma insulin (Han and 

Frohman, 1970; Cox and Powley, 1981) and gastric acid (Ridley and 

Brooks, 1965; Weingarten and Powley, 1980). 

I.1.3 Pathogenesis of the VMH Syndrome 

Traditionally, attempts to explain the pathogenesis of the VMH 

syndrome have ass;..uned that VMH lesions induce some primary disturbance 

and that this ess•mtial disturbance leads, secondarily, to the 

development of other symptoms of the syndrome. 

Two differen:~ hypotheses of this kind have been proposed. 

Initially, Brobeck and colleagues (1943, 1946) suggested that the 

lesion induced a primary behavioral change, the hyperphagia. It was 
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believed that thE~ metabolic and physiological changes characteristic of 

the syndrome developed, secondarily, from the lesioned animal's 

overeating. This hypothesis was instrumental to the development of the 

influential view that the VMH was a "satiety center" which directly 

controlled the termination of eating. The subsequent demonstration 

that lesions of the lateral areas of the hypothalamus (LH) caused an 

animal to cease E!ating (Anand and Brobeck, 1951) led to the development 

of a "dual-center" model for the control of feeding which argued that 

the hypothalamus contained two centers controlling eating: a VMH 

satiety center controlling meal termination and a LH feeding center 

responsible for meal initiation. This model of feeding control was 

readily accepted by researchers and became a dominant view to explain 

brain control of motivated behavior (e.g., Stellar, 1954). 

In the late 1960's, data began to accumulate demonstrating the 

inadequacy of the view that hyperphagia was the primary cause of the 

syndrome. In a series of studies, Han and colleagues (1968, 1970) 

found that elimination of the assumed primary disturbance, i.e., the 

hyperphagia, did not prevent the development of the assumed secondary 

disturbances. Specifically, they demonstrated that hyperinsulinemia 

and obesity (i.e., higher levels of body fat) developed even in VMH 

rats which were prevented from hyperphagia by being pair-fed with 

intact controls. This observation has been replicated often. It is 

now clear that food-restricted and normal-weight VMH rats still exhibit 

obesity and other secretion disturbances (see Bray and York, 1979 and 

Powley et al., 1980 for review). The implication from these data is 

that hyperphagia cannot be the primary cause of the syndrome. 
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Later analyses suggested that while primary changes in satiety did 

not cause the syndrome, a primary lesion-induced alternation in 

visceral secretion mediated by the vagus or, more generally, by the 

autonomic nervous system, represented the essential disturbance leading 

to the development c•f the syndrome. This idea was suggested mainly by 

the experimental finding that bilateral subdiaphragmatic vagotomy 

reversed the hyperphagia and obesity of VMH rats (Powley and Opsahl, 

1974; Inoue and Bray, 1977) and blocked the development of the syndrome 

if vagotomy was performed prior to the VMH lesions (Eng, Gold and 

Sawchenko, 1978; Rowland and Engle, 1978). These data led Powley (1977) 

to suggest that increased parasympathetic tone on the viscera was the 

primary causal factor leading to the development of the syndrome. 

Others have disagreed with Powley on the exact nature of the 

physiological changes producing the syndrome. For example, Bray and 

York (1981) suggested that a lesion-induced depression of sympathetic 

tone on the viscera resulted in the behavioral and physiological 

differences of the VMH syndrome. In spite of this controversy, it is 

now generally believed that a lesion-induced dysfunction in 

autonomically-mediated (whether parasympathetic or sympathetic) visceral 

secretion represents the primary causal factor in the development of the 

\~ syndrome. 

In summary, VMH lesions induce a set of behavioral.and metabolic 

disturbances. The behavioral disturbances include hyperphagia, weight 

gain and an over-responsiveness to sensory qualities of food. The 

metabolic ones include enhanced levels of body fat (obesity) and 
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elevations of autonomically-controlled visceral secretions manifest as 

hyperinsulinemia and gastric hyperacidity. 

I.2 HISTORY OF THE PVH SYNDROME 

A possible role for the PVH in the control of food intake or body 

weight was suggested more than 40 years ago by Reinbeck, White and Rolf 

(1944) who demonstrated overeating and body weight increases in dogs 

after PVH lesions. This finding was largely ignored, however, because 

of the more influential report of Hetherington (1944) who failed to 

observe any eating or weight changes in rats with lesions of the PVH. 

In fact, in a study aimed directly to localize hypothalamic sites 

involved in the control of feeding and body weight, Hetherington (1944) 

wrote that .....cell groups rostral and dorsal to the ventromedial 

hypothalamic nuclei (the site of the PVH) make little if any 

contribution to the regulation of fat metabolism", and that" ••• two of 

the animals underwent complete elimination of the paraventricular 

nuclei without becoming fat"(p. 40). The consequence of this emphatic 

statement was to lead researchers for about 30 years to ignore a 

possible role for thE~ PVH in the control of feeding and body weight. 

Several experimental findings in the 1970's led investigators to 

reassess the role of the PVH as a hypothalamic site for feeding 

control. First, it was found that lesions restricted to the 

ventromedial hypothalamic nucleus (the presumed site of the VMH 

syndrome) did not produce hyperphagia or weight gain (Gold, 1973). 

Therefore, it became apparent that other hypothalamic sites located 

within the vicinity of the VMH must be involved in hyperphagia. 
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Further mapping studies revealed, in fact, that lesions in the area of 

the PVH, which is si.tuated rostral to the ventromedial nucleus, were 

effective in produci.ng hyperphagia and weight gain (Gold, 1973). 

The results of several hypothalamic knife-cut studies further 

implicated the PVH in feeding regulation. By making parasaggital or 

coronal knife-cuts in the medial hypothalamic area, it was shown that a 

longitudinal fibre system coursing through the medial hypothalamus was 

involved in the control of feeding. These studies also demonstrated 

that the effectiveness of the hypothalamic knife-cuts in producing 

hyperphagia and weight gain was dependent upon their location relative 

to the PVH. Parasaggital knife-cuts just lateral to the PVH produce a 

more profound increase in food intake and body weight than cuts 

posterior to the PVH (Gold, Jones, Sawchenko and Kapatos, 1977; Sclafani 

and Berner, 1977). Similarly, knife-cuts made in the coronal plane lost 

their effectiveness once the cuts were placed anterior to the PVH (Gold, 

Jones, Sawchenko and Kapatos, 1977). Based on these data, it was 

proposed that the hypothalamic fibre system controlling eating or body 

weight originated in, or coursed through the vicinity of, the PVH. 

Thus, Gold and his associates (1977) stated explicitly that the PVH 

could be the critical site mediating the hypothalamic knife-cut 

hyperphagia effects. 

Anatomical studies in the early 1980's showing connections of the 

PVH to other brain loci also reinforced the idea of an involvement of 

the PVH in the characteristics generally associated with the VMH 

syndrome. Direct neural connections between the PVH and autonomic 

ganglia, such as the dorsal motor nucleus of the vagus, were shown and 

http:produci.ng
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led to suggestions that the PVR might exert functional control over the 

vagus nerve (Sawchenko and Swanson, 1981; Swanson and Kuypers, 1980; 

Swanson and Sawchenk.o, 1980). Since a change in vagally-mediated 

visceral responses was widely believed to be involved in the development 

of the VMH syndrome, the close anatomical links of the PVH to the vagus 

suggested a potential role for this brain site as well. 

Neuropharmacological studies also implicated the PVH in the 

control of feeding. It was known that hypothalamic injections of 

norepinephrine stimulated feeding in sated rats and enhanced feeding in 

hungry rats (Grossman, 1964; Leibowitz, 1976). Mapping studies 

demonstrated that the PVH was the most sensitive site producing these 

effects (Leibowitz, 1980). 

Finally, in the early 1980's, the conclusive experiments were 

done. These studies demonstrated that bilateral lesions of the PVH did 

increase food intake and body weight in adult male and female rats 

(Aravich and Sclafani, 1983; Leibowitz, Hammer and Chang, 1981; 

Sclafani and Aravich, 1983). 

I.3 THE PVH OBESITY SYNDROME 

Identification of food intake and body weight changes following 

PVH lesions are relatively new findings. There is no concensus about 

the range or type of behavioral and metabolic disturbances following 

these lesions. Similarly, the pathogenesis of the PVH syndrome is 

unclear. Although sc,me have suggested that PVH lesions induce a 

si1nilar syndrome as vMH lesions (Aravich and Sclafani, 1983), the 

paucity of data on this issue render such a conclusion unwarranted. 
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The available data on PVH lesion effects are discussed below and the 

information needed to evaluate the idea that PVH and VMH lesion 

syndromes are essentially similar is identified. 

!.3.1 Behavioral Disturbances of the PVH Syndrome 

PVH lesion rats increase their daily food intake and gain weight 

more rapidly than control animals (Aravich and Sclafani, 1983; Leibowitz 

et al., 1981; Sclafani and Aravich, 1983). In certain respects, these 

changes resemble the hyperphagia and weight gain of VMH lesion rats. 

First, the onset of these changes is rapid after lesions (Aravich and 

Sclafani, 1983). se.:ond, as with every obesity, distinct dynamic and 

static phases can be distinguished; the rate of weight gain following 

PVH lesions gradually decreases with time postlesion and eventually 

becomes stable (Arav:lch and Sclafani, 1983). Finally, the magnitudes of 

hyperphagia and weight gain of PVH rats appear to be affected by 

maintenance diet. PVH rats overconsume ordinary laboratory diets, but 

adulteration of the diet with small amounts of a bitter substance, such 

as quinine or sucrose octaacetate, normalizes intake (Aravich and 

Sclafani, 1983). In contrast, on more palatable food, such as dextrose 

or high fat diets, P'rn rats display hyperphagia (Aravich and Sclafani, 

1983). These changes, at a superficial level, are reminiscent of VMH 

lesion rats. 

Although these findings suggest similarities in some behavioral 

elements of the PVH ccnd VMH lesion syndrome, several further 

comparisons are neede'd to establish that these two lesions produce the 

same behavioral disturbances. First, a direct comparison of food 
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intake and body ~reight changes in PVH and VMH rats is necessary in a 

single study in o-ne laboratory. Otherwise, reported differences between 

the effects produced by lesions of these two sites may actually 

represent idiosyncracies of the procedures and techniques in different 

laboratories. 

As well, another required behavioral comparison involves 

examination of the heightened behavioral reactivity to sensory qualities 

of food. This disturbance is a defining trait of the VMH syndrome. It 

is unclear whether PVH lesions also produce a similar disturbance. 

Although PVH rats exhibit fluctuations in hyperphagia dependent on diet 

(Aravich and Sclafani, 1983), this may not reflect a altered 

responsiveness to sensory properties of food in PVH rats, as it is with 

VMH animals. The data showing diet dependency in PVH rats were obtained 

in obese PVH rats (Aravich and Sclafani, 1983). The dependence of 

hyperphagia on di•~t in an obese group may reflect a secondary 

consequence of an already-developed obesity. 

Two procedurt~s must be used to ascertain whether PVH rats also 

exhibit heightened behavioral reactivity to sensory qualities of food. 

First, an experimE!ntal preparation must be used that establishes food 

intake changes whE!n only oral sensory factors are operative. Second, 

such an experiment: must eliminate the possible confound of body weight 

increases as medicttors of the behavioral change. As indicated earlier, 

a sham feeding pre~paration adapted by Weingarten (1982) can be used to 

illustrate the hyperactivity to sensory aspects of food in VMH rats. 

In a sham feeding preparation, animals ingest liquid diet orally and 

the ingested food passes through the oropharyngeal area and drains out 
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of the stomach vta a fistula. Thus, postabsorptive consequences of 

food intake are E!liminated. In addition, testing for behavioral 

reactivity can ta.ke place under controlled body weight conditions so 

that any observed differences in sham feed intake between normal-weight 

lesion animals an.d controls cannot reflect a secondary consequence of 

increased body weight levels in lesion animals. These experiments are 

reported in Chapter 3 and 4. 

I.3.2 Metabolic Disturbances of the PVH Syndrome 

The physiological and metabolic changes following PVH lesions are 

poorly characterized. For instance, although percentage body fat is 

the defining characteristic of obesity, there is, in fact, no 

documentation of an elevated body fat level in PVH rats. There is one 

report implying this finding (Aravich and Sclafani, 1983), but this 

inference is based on Lee Index, an indirect calculation of body fat 

which may be inaccurate (Stephens, 1980). 

Changes in visceral secretion following PVH lesions are also poorly 

characterized. For example, the available data on insulin secretion 

changes following PVH lesions are controversial. Some studies report 

elevated basal in:;;ulin levels in obese PVH rats (Aravich and Sclafani, 

1982; Steves and ::.orden, 1982). Other studies (conducted ironically by 

the same researcht~rs) yield opposite results (Aravich and Sclafani, 

1983; Steves and Lorden, 1984). The nature of this discrepancy is 

unclear. A possible difference between PVH and VMH lesion effects on 

insulin secretion is indicated by the finding that weanling rats with 

PVH lesions show normal basal insulin levels (Bernardis, 1984) whereas 
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weanling rats with VMH lesions exhibit a marked basal hyperinsulinemia 

(Frohman and Bernardis, 1968). The nature or origin of these 

discrepancies is unclear but these results indicate, at a minimum, that 

hyperinsulinemia might not be as strongly associated with PVH lesions as 

it is with VMH lesions. 

Equally, there is no concensus about the effects of PVH lesions on 

another visceral secretion, gastric acid. Although there is a single 

report of the lack of effect of PVH lesions on basal acid secretion in 

dogs (Davis, Brooks and Steckel, 1968), no other data exist on changes 

in acid secretion following PVH lesions. Levels of basal acid secretion 

provide an index of vagal tone on the viscera since basal acid levels 

in the rat depend so heavily on vagal input. An increase in vagal tone 

on the visceral organs is implicated as a mechanism involved in the 

development of the VMH syndrome. Any suggestion of a common mechanism 

of the PVH and ~i syndromes must indicate whether PVH lesions also 

produce similar c~aanges. 

1.3.3 Pathogenes:ls of 'the PVH syndrome 

Aravich and Sclafani (1983) hypothesized that the PVH and VMH 

syndromes shared a common etiology. Specifically, they hypothesized 

that both syndromE~s resulted from damage to a common neural substrate 

located in the ant:eromedial hypothalamus. This view is difficult to 

assess since several critical pieces of information must be collected 

before any hypothE!Sis like this can be entertained. First, the 

behavioral and physiological disturbances of PVH animals must be 

characterized. TI.e importance of these disturbances in the development 
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of the syndrome must: be identified. Obesities are classified into two 

types (Mayer and Thc,mas, 1967). A "regulatory" obesity is one in which 

a primary disturbance in the regulation of feeding causes an excessive 

level of intake which leads, secondarily, to an increased body fat 

store. A "metabolic" obesity is one in which a primary metabolic 

disturbance leads to excessive fat levels; the hyperphagia 

characteristic of these latter obesities is viewed as secondary to the 

primary metabolic dysfunction. Classification of an obesity into a 

regulatory or metabolic type involves examination of physiological and 

body compartment changes in animals prevented from hyperphagia and thus 

maintained at control body weight levels. The obesity syndrome induced 

by VMH lesions is of the metabolic type as changes such as enhanced fat 

stores (Han, 1968; Cox and Powley, 1981) and elevated visceral secretion 

(Han and Frohman, 19?2; Weingarten and Powley, 1980) develop even in the 

absence of hyperphagia or weight gain. The classification of the PVH 

obesity is unclear. Therefore, examinations of physiological and body 

compartment changes ln PVH rats prevented from hyperphagia and 

maintained at control body weight levels are crucial in revealing the 

characteristics and etiology of the syndrome. 

In summary, bilateral lesions of the PVH have been established 

recently as producing enhanced food intake and weight gain. It is 

unclear whether PVH lesions produce an obesity syndrome similar to the 

classically-defined VMH syndrome. The major difficulty is the lack of 

understanding of the behavioral and physiological changes following PVH 

lesions. VMH lesions produce a set of disturbances including 

hyperphagia, increased weight, overresponsiveness to sensory qualities 
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of food, obesity (i.e., elevated percent carcass fat), and visceral 

hypersecretion. In contrast, the only characterized disturbances 

following PVH lesions are hyperphagia and weight gain. Whether PVH 

lesions produce other indices of the VMH syndrome is unclear. The 

studies presented in this thesis address these issues by: 

i) 	 direct comparisons of behavioral and physiological changes in 

PVH and VMH rats in order to evaluate the extent of similarity 

of the two hypothalamic syndromes (Chapter 3), 

ii) 	 using restricted feeding paradigms to assess the relative 

importance of behavioral and metabolic changes in the 

development of the two lesion-induced obesities (Chapter 4), 

iii) 	using a sham feeding procedure to document whether PVH lesions 

also produce a dysfunction in the reactivity to stimulus 

qualities of food (Chapter 5). 



CHAPTER II. GENERAL METHODS 

Experimental Animals 

Male Long-Evans hooded rats, approximately 3 to 4 month old, were 

used as subjects. 1be rats were bred in the McMaster Psychology 

Department colony from breeding stock obtained from Blue Spruce Farms 

(Altamont, New York). Animals were housed individually in hanging 

wire-mesh cages in an animal room maintained on a 16:8 hr light:dark 

cycle, and at 25°C. Water was available continuougly throughout the 

experiments and food was provided according to the experimental 

protocols. 

Hypothalamic Lesions. 

All rats underwent either bilateral hypothalamic lesions or sham 

surgery. Prior to surgery, rats were anesthetized with sodium 

pentobarbital (Somnotol, 45 mg/kg; ip). They were then mounted into a 

Kopf stereotaxic instrument with the incisor bar adjusted 3.0 mm below 

the horizontal zero so that the skull was positioned horizontally. A 

1.5 em midline cut was made in the scalp. Depending upon the 

coordinates of the lesions, two 1 mm diameter holes on the surface of 

the skull were drilled and a stainless steel electrode (a #00 insect 

pin), coated with epc·xylite except for 0.4 mm at the tip, was lowered 

into the brain. The coordinates for VMH lesions were: 2.3 mm behind 

bregma; 0.6 mm lateral to the midline; and 8.5 mm below the surface of 
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the skull. After lowering the electrode, VMH lesions were made by 

passing a 1.0 mamp anodal direct current for 17 seconds. A tail cathode 

served as the ground. For PVH lesions, the electrode was lowered to: 

1.8 mm posterior to bregma; 0.2 mm lateral to the midline and 7.2 mm 

below the surface of the skull. A 1.0 mamp anodal direct current was 

passed for 12 seconds. After lesions, the holes on the skull were 

filled with bone wax, and the scalp was closed with wound clips. For 

the sham surgery, rats were anesthetized, the scalp exposed, holes 

drilled, but no electrodes were lowered into the brain. 

Gastric Cannula Implantation 

Chronic gastric cannulae were implanted in rats used in gastric 

acid collection (Chapter 4) and sham feeding (Chapter 5) studies. 

Details of cannula design have been described by Weingarten and Powley 

(1980a). Briefly, the gastric cannula consisted of an 11 mm long 

stainless steel tube (8.5 mm outside diameter X 7.9 mm inside diameter) 

flanged at both ends. A 2 em X 2 em disc of Marlex mesh was cemented 

to the shaft of the cannula. This disc of mesh anchored the cannula in 

the abdominal cavity. The inner wall of the cannula was tapped to 

accept a removable s~::rew. During sham feeding or collection of gastric 

acid, the screw was :removed and replaced by a 15 em long drainage tube 

that screwed into the cannula shaft. 

To implant the 1::annula, rats were food deprived for 24 hours prior 

to surgery to ensure a clean gastrointestinal tract. The rat was 

anesthetized with sodium pentobarbital (Somnotol, 45 mg/kg; ip). The 

abdominal area was shaved and cleaned with 70% alcohol. A 2-Jcm 
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midline incision was made starting just below the sternum, and the 

stomach was gently lifted out of the abdomen. Two concentric purse 

string sutures (using 5-0 silk) were sewn into the wall of forestomach. 

A small cut Was made in the area encircled by these sutures. One end 

of the gastric cannula was tied into the stomach with these sutures. A 

scalpel cut was then made through the left abdominal area, and the free 

end of the cannula was pulled through this cut. A second disc of mesh 

was forced onto the cannula shaft and placed between the body wall and 

skin to further anchor the cannula. The cannula was pulled through the 

skin and, finally, secured in place by tightening a purse string suture 

placed in the skin surrounding the skin incision. The abdominal wall 

was closed with interrupted sutures of 3-0 catgut and the skin was 

closed with wound clips. 

Irritability Tests (Chapter 3) 

The degree of i.rritability was assessed using a four category test 

described by Paxinos (1973). These categories were (1) biting reaction 

to presentation of a pencil at the top of the open cage; (2) biting 

response to appearance of a gloved hand placed into the cage; {3) biting 

reaction to the gloved hand pushing the rat against the cage wall; and 

(4) the vocal response during the preceding tests. The scales of 

irritability in these tests were scored as follows: 0 for no response; 1 

for mild reaction; and 2 for intensive response. The irritability score 

(0-8) was computed by summing the score on each test. 
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Apparatus for Gastric Acid collection and Sham Feeding (Chapters 4 & 5) 

Gastric acid collection and sham feeding tests took place in a 

custom designed Plexiglas cages (10 em wide x 20 em long x 10 em high) 

which were mounted on 15 em high stilts. The floor of these cages was 

constructed of stainless steel rods; the center rods were separated by 

1.6 em to allow a collecting tube to pass through the floor. A 2.5 em 

diameter hole was located on the front wall of the cage so that a 

graduated cylinder could be attached to the outside of the cage and, 

when it was, its spout protruded into the cage. 

Testing Procedures for Gastric Acid Secretion (Chapter 4) 

Basal levels of gastric acid secretion were measured in PVH, VMH 

and control rats; these data are reported in Chapter 4. Animals were 

food deprived for 17 hours prior to acid collection. To collect 

gastric acid, the rat was removed from its home cage, its cannula opened 

and residual stomach contents were removed by saline lavage. Rats were 

then placed into the testing cage. A collecting tube was connected to 

the gastric cannula. The gastric juice drained by gravity flow down 

the collecting tube and collected into a 5 ml test tube force fit onto 

the end of the collecting tube. 

Testing Procedures for Sham Feeding (Chapter 5) 

Animals were tested after 3 hours of food deprivation. To 

establish this deprivation, three hours prior to a sham feeding test, 

the pellet food was removed from animals' home cages and they were 

allowed to consume an evaporated milk-based liquid diet for 10 minutes. 
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At the end of the 3 hours, the rats were removed from their home cages, 

and their cannulae were opened by removing the screws which normally 

kept them closed. Stomachs were washed with warm tap water to remove 

stomach contents. A collecting tube was screwed into the cannula shaft 

so that any liquid diet ingested by the rats during the test period 

would drain freely out of stomach. The rats were then placed into test 

cages, and a graduated cylinder containing a sucrose solution of a given 

concentration was attached to the test cage. 

Sacrifice 

At the end of each experiment, rats were anesthesized with sodium 

pentobarbital (Somnotol, 65mg/kg; ip) and sacrificed. Depending on the 

nature of the study, several procedures were followed: 

(i) 	Blood Collection 

Five ml of blood were drawn directly from the heart into a 

syringe heparinized with .02 ml of 100 U/ml heparin. Blood 

samples were centrifuged and the plasma removed and stored at 

-18°C. 

(ii) 	Perfusion 

Rats were perfused intracardically with physiological saline 

followed by 10% buffered formalin. The brains of lesion rats 

were removed and stored in 10% formalin for later histological 

examinations. 

(iii) 	Preparation of Carcass 

To prepare the carcass for subsequent carcass fat analysis, the 

gastrointestinal tract of the perfused rat was cleaned, the 
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head and tail removed, and the carcasses stored at -18°C. 

(iv) 	Physiological Measurements 

Plasma glucose and insulin assays were performed by Dr. Tom J. 

McDonald at the University of Western Ontario, University 

Hospital, Department of Endocrinology, according to procedures 

detailed elsewhere (Brown et al., 1975). 

(v) 	Carcass Fat Determination 

For body composition analysis, the carcasses were cut, weighed 

and dessicated at 60°C. The difference in weight between the 

original and dessicated carcass weight provided the estimate of 

percentage body water. Body fat was calculated using a 

regression equation reported and validated by Cox and Powley 

(1984): percentage of body fat =percentage of body water x 

-1.272 + 95.963. 

(vi) 	Histology 

The brains of lesion rats were frozen and sectioned in the 

coronal plane at 40 um. One out of every three sections 

through the lesions was mounted. Slides were stained with 

luxol fast blue and cresyl violet for fiber tracts and cell 

bodies respectively. 

Data 	Analysis 

Data were analyzed with analyses of variance. A .05 probability 

level was considered statistically significant. Pair-wise comparisons, 

~rhere justified, were made using the Studentized range statistic (q) 

and evaluated according to the Newman-Keuls procedure. 



CHAPTER III. EFFECTS OF PVH AND VMH LESIONS ON FOOD INTAKE, BODY 

WEIGHT, IRRITABILITY, AND METABOLIC PROFILE IN RATS MAINTAINED ON AD 

LIBITUM FEEDING 

Although lesions of the paraventricular hypothalamus (PVH) have 

been described as increasing food intake and body weight in rats 

(Aravich and Sclafani, 1983; Leibowitz, Hammer, and Chang, 1981; 

Sclafani and Aravich, 1983), the effects of PVH lesions have not been 

systematically co:illpared with those induced by lesions of the 

ventromedial hypothalamus (VMH). As a first step in the comparison of 

these two hypothalamic obesity syndromes, characteristics of VMH and 

PVH rats were compared with special reference to some of the indices 

(identified befor,S!) which define the VMH syndrome. 

METHODS 

Experimental Proct~dure 

Initially, 37 male Long-Evans hooded rats were weighed and 

assigned to either VMH-lesion (N=ll), PVH-lesion (N=16), or control 

(N=10) groups such that the mean body weight and variance of the three 

groups would be equivalent at surgery. Rats underwent stereotaxic 

surgery for hypothalamic or sham lesions. After surgery, rats were 

deprived of food for 24 hours. For the next 110 days, subjects were 

maintained ad libitum on a series of test diets including Purina rat 
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pellets, Purina rat chow powder, mash and high fat diets. The 

composition of these foods and caloric contents are presented in Table 

1. Subjects were given ad libitum access to these diets in the 

following sequence: Purina rat pellets (day 2-3), Purina rat chow 

powder (day 4-30), mash (day 31-50), high fat (day 51-70), mash (day 

71-90), high fat (day 91-110). Body weights and 48-hour food intakes 

were recorded every second day. After day 110, all subjects were 

maintained ad libitum on the high fat diet for three days. On each of 

these days, subje•:ts underwent the irritability testing. Then, rats 

were fasted for 24 hours and sacrificed according to the procedure 

detailed before. 

RESULTS 

Histology 

Five of the original 11 VMH lesion rats were selected into the 

final VMH group and 7 of the original 16 PVH lesion rats constituted 

the final PVH grou.p. All statistical analyses were based on data 

obtained from these animals and 10 control rats. 

Animals selected into the PVH group met the criterion of bilateral 

destruction of the entire paraventricular hypothalamic nuclei (PVN). 

These lesions were centered on the caudal part of this nucleus. The 

lesions were considered to be the area of necrotic tissue (or cavity) 

plus the adjacent circling cell-free zone. The lesions generally 

extended beyond th·~ PVN to include parts of the anterior hypothalamic 

nucleus, anteromedial aspects of dorsomedial hypothalamic nucleus, 
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Diet Compos! tion Kcal Value Days used 

Pellets 3.61 Kcal/g 1-3 

Powder 3.61 Kcal/g 4-30 

Mash 65% Water 1.26 Kcal/g 31-50 
35% Powder 71-90 

High Fat 67% Powder 5.50 Kcal/g 51-70 
33% Crisco Oil 91-110 

Table 1. Composition and caloric content of the diets used in the ad 

libitum study. 
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nucleus reuniens of the thalamus and zona incerta. Except in one case, 

the ventromedial hypothalamic areas were completely spared. In the one 

animal with some VMH damage, the lesions encroached on the dorsal tip of 

the ventromedial hypothalamic nucleus. Figure 1 reconstructs the lesion 

damage placements of two PVH-lesion rats. 

To be selected into the VMH group, the criterion was bilateral 

lesions centered on the ventromedial hypothalamus destroying all of the 

ventromedial hypothalamic nucleus (VMN). The lesions generally began 

in the anterior hrpothalamic area and continued throughout the entire 

extent of the ventromedial nucleus. The lesions extended from the 

third ventricle 1.1terally to the fornix and from the dorsomedial 

hypothalamic nucl·~us to the base of the brain (see Figure 2). No rat 

selected to the ~1H group sustained damage to the PVN. 

Postlesion Body WEdght Changes 

The body weight of the PVH, VMH, and control groups were similar 

at surgery, F(2,19) = 2.32, p > .05. The cumulative body weight gains 

of PVH, VMH and control rats postlesion are illustrated in the upper 

panel of Figure 3 and summarized in Table 2. On the initial test diet, 

powder, VMH rats gained weight rapidly so that, by the end of the powder 

period, they weighted significantly more than control, q3 = 5.45, p < 

.01, and PVH, q2 =' 3.85, p < .05, rats. Although PVH rats gained 26% 

more weight than cont·rols, this difference was not significant, q2 = 

1.60, p > .05. On the first exposure to mash, both VMH, q3 = 5.03, p < 

.01, and PVH, q2 = 3.00, p < .05, rats gained more weight than controls; 

VMH and PVH animals gained similar amounts of weight, q2 = 2.04, p > 
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Figure 1. Re~onstruction of two PVH lesions superimposed on frontal 

diagrams modified from the Konig and Klippel (1963) atlas. Structures 

are labeled in the left column, under "median control" animal. Numbers 

in the leftmo:3t column indicate anterior-posterior level of each 

section. Var:lous parameters of these individual animals are also 

presented. n1e center column reconstructs lesions for the PVH rat 

with the greatest body weight at sacrifice. The right column 

illustrates the lesions of the PVH rat median in final weight. The 

lesions were eonsidered to be the area of necrotic tissue (or cavity) 

plus the adjaeent circling cell-free zone. 

(abbreviations: DMN, dorsomedial hypothalamic nucleus; F, fornix; HA, 

anterior hypothalamic nucleus; OT, optic tract; PVN, paraventricular 

hypothalamic nucleus; RE, nucleus reuniens; VMN, ventromedial 

hypothalamic nucleus.) 
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Figure 2. Schematic representations of two VMH lesions. Legend and 

abbreviations as in Figure 1. 
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Figure 3. Upper panels -- Group mean cumulative body weight gain in 

VMH (N=S), PVH (N=7), and Control (N=lO) rats maintained ad libitum on 

diets shown. Lower panels -- Group mean daily caloric intakes during 

the various phases of the experiment. 
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GROUP N DIET 

Powder Mash Hish Fat Mash High Fat 

Control 10 71.3 :1:6 67.6±5.4 39.7±5.9 29.8:!:2.3 35.4±5.0 

PVH-lesion 7 90.1 ±11.4 91.6 ±4.9a* 86.6±7.3a 42.3±4.9 68.1±5.2a 

VMH-lesion 5 135.2 ±21. 2a, b* 128±12.5a,b 100.8±11.7a -4.2 ±14. 7a 'b* 83.6±15.8a 

Table 2. Mean (±1 SEM) body weight gained (in gms) by PVH, VMH and control groups during 
each of the diet periods. (a = significantly different from control at .01 or .05 (a*) 
level; b =significantly different from control at the .01 or .05 {b*) level.) 

w 
N 

http:83.6�15.8a
http:100.8�11.7a
http:68.1�5.2a
http:86.6�7.3a
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.OS. On high fat, VMH, q3 = 7.67, p < .01, and PVH, q2 = S.93, p < .01, 

rats gained more weight than controls, and the weight gains of the two 

lesion groups were similar, q2 = 1.74, p > .OS. In the second mash 

period, PVH and control rats gained similar amounts of weight, q2 = 

1.91, p > .OS, and VMH animals showed significant weight losses compared 

to PVH, q3 = 6.98, p < .01, and control, q2 = S.07, p < .01, rats. When 

returned to high fat, both VMH, q3 = S.88, p < .01, and PVH, q2 = 3.6S, 

p < .OS, groups significantly outgained controls. Over the entire 110 

day period, both VMH, q3 = 8.3S, p < .01, and PVH, q2 = 6.90, p < .01, 

rats gained significantly more weight than controls, and the weight 

gains of the two lesion groups were similar,q2 = 1.44, p > .OS. 

Postlesion Food Intake 

The mean daily caloric intakes of the three groups are shown in 

lower panel of Figure 3 and summarized in Table 3. On powder, the 

daily intake of VMH rats exceeded control, q3 • 6.06, p < .01, and PVH, 

q2 = 3.3S, p < .OS, values. Although the average daily intake of PVH 

rats was 18% greater than controls, this difference was not 

significant, q2 = 2.71, p > .OS. On the initial exposure to mash, both 

VMH, q3 = S.49, p < .01, and PVH, q2 = 3.40, p < .OS, rats ate more 

than controls, and the caloric intake of the two lesion groups were 

similar, q2 = 2.09, p > .OS. On high fat, both PVH, q2 = S.63, p < 

.01, and VMH, q3 = 7.SS, p < .01, ate more than controls; PVH and VMH 

rats consumed similar amounts, q2 = 1.92, p > .OS. On the second 

exposure to mash, the caloric intake of the three groups were similar, 

all pair-wise comparisons, were p > .OS. When returned to high fat, 



GROUP N DIET 

Powder Mash High Fat Mash High Fat 

Control 10 106.8:!:2.0 121.2 :!3.4 99.6 :!3.0 102.6±3.2 103.0±3.5 

PVH-lesion 7 126.4:!:6.8 13 8 • 9 :!:6 • 8a 123.3±5.0a 110.7±3.7 125.9±3.1a 

VMH-lesion 5 150. 6 ±14. 9a 'b 149.8:t4.9a 131 • 4 :t4 •6a 101.8±9.0 132.2 ±11. 3a 

Table 3. Mean (±1 SEM) daily food intake (Kcal/24hr) by PVH, VMH and control groups during 
each diet period. (a = significantly different from control at the .01 level; b = 
significantly different from PVH at the .05 level.) 

w 
~ 
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however~ both VMH, q3 • 5.20, p < .01, and PVH, q2 = 4.08, p < .01, 

groups were again hyperphagic. 

Plasma Insulin and Glucose 

The mean levels of plasma insulin and glucose are shown in Figure 

4. Plasma glucose levels did not differ among the groups, F(2,19) = 

3.18, p > .05. Plasma insulins, however, were different, F(2,19) = 

10.14, p < .01. Multiple comparisons indicated that VMH rats were 

significantly hyperinsulinemic compared to both PVH, q2 = 5.17, p < 

.01, and control, q3 = 6.30, p < .01, rats. Although the mean insulin 

level of PVH rats was 55% higher than control values, this difference 

was not significant, q2 = 1.15, p > .05. The differential effect of 

VMH and PVH lesions on plasma insulin is shown more clearly in Figure 5 

which presents insulin values of individual animals. Only one 

PVH-lesion rat exhibited insulin levels beyond the control range. In 

contrast, 4 of 5 VMH rats demonstrated plasma insulin beyond the range 

of control values. 

Body Compositions 

Figure 4 and Table 4 illustrate the carcass analyses results. 

Analysis of variance indicated significant group differences in percent 

carcass fat, F(2,19) = 40.19, p < .01. Multiple comparison revealed 

that both the VMH, q3 = 11.98, p < .01, and PVH, q2 = 7.72; p < .01, 

groups were significantly fatter than controls. VMH rats were 

significantly fatter than PVH animals, q2 = 4.26, p < .01. Further 

analysis showed significant group differences in amount of carcass 
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Figure 4. Group average physiological parameters of VMH (N=5), PVH 

(N=7), and Control (N=lO) rats maintained ad libitum. Rats were fasted 

for 24 hours prior to sacrifice. Vertical bars represent 1 SEM. 
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Figure 5. Individual levels of plasma insulin in VMH, PVH and sham 

lesion (CONT) rats maintained ad libitum. 
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Group 


Parameter Control PVH VMH 


Carcass Weight (g) 510±13 

Carcass Fat (g) 157±12 

Carcass Water (g) 257±5 

Table 4. Mean (±1 SEM) physiological parameters of VMH, PVH, and 

Control groups. (a = significantly different from controls at .01 

level. b = significantly different from PVH at the .01 level; c = 

significantly different from VMH group at .01 level.) 
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water as well, F(2,19) = 6.71, p < .01. PVH rats had greater carcass 

water than VMH, q3 = 4.81, p < .01, and control, q2 = 4.12, p < .01, 

rats. This body compartment was not different in VMH and control rats, 

q2 = .69, p > .os. 

Behavior Irritability 

The irritability scores of the three groups are illustrated in 

Table 5. The nature of these data requires analysis with a 

nonparametric statistic. Thus, the Kruskal-Wallis analysis of variance 

by ranks procedure was used to assess group difference. Irritability 

scores of the groups were different, H' = 11.47, p < .OS. As indicated 

in Table 5, VMH rats were more irritable than control and PVH rats; no 

difference in irritability between PVH and control groups was apparent. 

DISCUSSION 

The results of this study indicate some similarities and some 

differences between the effects of VMH and PVH lesions. Both lesions 

induce hyperphagia, excessive weight gain and enhanced levels of body 

fat. However, the lesions differ in their ability to induce 

irritability and hyperinsulinemia. Specifically, unlike VMH rats, PVH 

animals do not demonstrate changes in affective behavior nor do they 

exhibit hyperinsulinemia. 

The findings that PVH lesions induce hyperphagia and weight gain 

are consistent with previous reports (Aravich and Sclafani, 1983; 

Leibowitz et al., 1981; Sclafani and Aravich, 1983). The present data 
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Irritability Test 

Response to pencil 

Visual presentation of hand 

Biting response to hand 

Vocalization 

VMH 

.1 

.4 

1.4 

1.4 

Group 

PW 

0 

0 

.2 

.4 

Control 

0 

.1 

0 

0 

Table 5. 

rats. 

Group mean irritability responses of PVH, VMH and control 
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extend these findings in an important respect, however, by actually 

measuring carcass fat and showing that the weight gain of these lesion 

groups is a reflection of an increase in adipose tissue. However, 

under the present test conditions, hyperphagia and weight gain produced 

by PVH lesions differ in some respects from the VMH-induced 

disturbances. First, the hyperphagia and weight gain of PVH animals 

develop more slolli'ly compared to VMH rats. This is apparent in the 

differences between the two lesion groups in the initial powder period. 

A slower developrr.ent of hyperphagia in PVH rats is also alluded to by 

Sclafani and Aravich (1983). As well, on the second exposure to the 

mash diet, VMH rats lost weight whereas PVH animals did not. This may 

reflect an increa.sed dependence of food intake on quality of diet in 

VMH rats compared to PVH animals. This is explored further in Chapter 

5. 

The present study demonstrates one clear behavioral difference 

between the two t.ypothalamic syndromes. Consistent with other reports 

(Grossman, 1972; Paxinos, 1973), the VMH animals in this study are 

irritable. PVH I"ats were not. Thus, it is apparent that PVH lesions do 

not damage the ne:ural substrate producing this change in affect. This 

finding is reminiscent of an observation by Paxinos (1973) who showed 

that parasaggital knife cuts anterior to the VMN (i.e., in the area of 

the PVH) do not I'roduce irritability. However, cuts lateral to the VMN 

do induce irritability. Thus, it appears that the neural substrate 

involved in producing changes in affective behavior is located posterior 

to the PVH and lc.teral to the VMN. 
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The metabolic profiles produced by the two hypothalamic lesions 

also differ in several respects. First, unlike VMH obesity, the PVH 

obesity is not associated with hyperinsulinemia. In the present 

experiment, the mean insulin levels of PVH rats were not significantly 

different from controls. Studies in the literature are equivocal on 

this issue. Sclafani and Aravich (1983) report that obese PVH rats 

show normal plasma insulin levels. In another study, however, they 

report a hyperinsulinemia in PVH rats (Sclafani and Aravich,1982). 

They suggest that levels of plasma insulin in PVH animals may be 

modulated partially by carbohydrate content of the maintenance diet. 

Body composition of the obese PVH rats is also somewhat different 

from the obese VMH rat. Unlike the VMH obesity, PVH lesions were not 

associated exclusively with changes in fat store. Consistent with 

previous findings (Cox and Powley, 1981; Han and Frohman, 1972), the 

body weight increase of VMH rats was associated only with an increase 

in body fat. In the obese PVH rat, however, not only body fat, but 

also body water were elevated. This indicates that the weight gain of 

the PVH rat is not due exclusively to changes in adipose tissue store. 



CHAPTER IV. 	RELATIVE IMPORTANCE OF BEHAVIORAL AND METABOLIC CHANGES IN 

THE DEVELOPMENT OF PVH- and VMH-INDUCED OBESITY 

An essential issue in investigating any obesity syndrome is 

identification of the relative importance of behavioral and metabolic 

changes to the development of the obesity. Obesities are classified 

according to a behavioral or metabolic etiology (Mayer and Thomas, 

1967). A behavioral, or "regulatory", obesity is one in which 

excessive fat levels characteristic of the obesity develop as a direct 

consequence of a behavioral disturbance; especially, a disturbance in 

the regulation of eating, i.e., hyperphagia. In contrast, a 

"metabolic" obesity is one in which some metabolic dysfunction causes a 

change in body composition or physiology which leads directly to 

obesity. In this latter case, the development of obesity is 

independent of hyperphagia, although an excessive level of food intake 

can potentiate the degree of obesity. 

The VMH lesion-induced obesity is metabolic in nature (Bray and 

York, 1979; Powley et al., 1980) as its development is independent of 

hyperphagia. In studies where the food intake of VMH rats is 

restricted to control levels, VMH rats still develop higher levels of 

body fat (Cox and Powley, 1981; Goldman et al., 1974; Han, 1967; Han 

and Liu, 1966). Similarly, metabolic disturbances following VMH 

lesions, such as hyperinsulinemia and gastric acid hypersecretion, 

exist even when food intake and body weight are normalized by restricted 

43 
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feeding schedules (Cox and Powley, 1981; Han and Frohman, 1970; Han, 

Feng and Kuo, 1972; Hustvedt and Lovo, 1972; Karakash et al., 1977; 

Ridley and Brooks, 1965; Weingarten and Powley, 1980). 

Although it has been suggested that the PVH obesity shares a 

similar etiology with the VMH syndrome (Scalfani and Aravich, 1983), 

support for this view is absent. First, no data exist to suggest that 

PVH lesion-induced obesity is hyperphagia-independent. As such, the 

possibility that PVH obesity is caused by excessive food intake cannot 

be precluded. Second, the effects of PVH lesions on metabolic profiles 

are unclear. Results indicating certain metabolic changes, e.g. 

hyperinsulinemia, after PVH lesion have not necessarily been replicated 

and, anyway, have been obtained in the already obese animal (Sclafani 

and Aravich, 1982; Steves and Lorden, 1982, 1984). As such, these data 

cannot be used to suggest a causal relationship between visceral 

hypersecretion and obesity since the observed metabolic changes may 

develop as a secondary consequence of hyperphagia (King et al., 1983, 

1984). 

This chapter consists of two experiments evaluating whether PVH 

and VMH.obesities share similar etiology. The first experiment 

examines whether lesions of the PVH in fact induce a primary change in 

a visceral secretory event (gastric acid secretion). The second 

experiment evaluates the dependence of PVH obesity on postlesion 

hyperphagia. These experiments used a restricted feeding paradigm 

which normalizes the body weight levels of lesion animals to control 

values. This preparation is necessary to establish whether a certain 

result arises as a direct result of the neural damage per se or whether 
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it develops as a secondary manifestation of a hyperphagia or obesity. 

If the two hypothalamic lesion-induced obesities share a metabolic 

component, similar changes should be observed in PVH and VMH animals in 

the experiments to be described. In contrast, if the PVH obesity has a 

stronger behavioral component than VMH obesity, different results

between the two lesion groups should be manifest. 

EXPERIMENT 1. CHANGES IN GASTRIC ACID SECRETION FOLLOWING PVH AND VMH 

LESIONS 

An elevation of basal gastric acid secretion is a defining index 

of the VMH syndrome. Basal hypersecretion occurs even when the 

hyperphagia of VMH rats is eliminated by restricted feeding (Ridley and 

Brooks, 1965; Weingarten and Powley, 1980). Since basal gastric acid 

levels are under direct vagal control, changes in level of acid 

secretion are interpreted as reflecting the degree of parasympathetic 

(i.e., vagal) tone on the visceral organs. It is not clear whether PVH 

lesions also produce a primary change in visceral secretion. In this 

experiment, changes in basal gastric acid secretion were measured 

following PVH or VMH lesions. 

METHODS 

Experimental Procedure 

Subjects, at the beginning of this experiment, were SO adult male 

Long-Evans hooded rats. Initially, all subjects underwent surgery for 
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gastric cannula implantation. Rats were allowed a 2-week recovery 

period following this surgery. During recovery, they were maintained 

ad libitum on Purina rat pellet. 

The next 4 days of the experiment constituted a training period 

during which subjects became accustomed to the procedure and apparatus 

used to measure gastric acid. 

Testing began after the training period. Rats were food deprived 

for 17 hours prior to a given test. Each test was 2 hours in duration, 

and the total amount of gastric acid secreted during that period was 

measured. Since acid secretion shows considerable inter-animal 

variability, this experiment was designed to permit an assessment of 

lesion-induced changes in acid secretion within each animal. Thus, a 

prelesion sampling period was included. Prelesion, acid secretion was 

monitored on 3 occasions; tests were conducted on alternate days. Then, 

subjects underwent stereotaxic surgery for PVH, VMH or sham lesions. 

All rats were food deprived overnight after surgery. 

Over postlesion Days 2 to 12, acid secretion was monitored on 

alternate days yielding a total of 6 acid sampling tests. During this 

period, control rats had ad libitum access to Purina rat chow except 

prior to the acid sampling sessions when they were 17-hour food 

deprived. The daily food intake of lesion rats was restricted over 

this period so that the body weights of individual lesion rats remained 

equal to values of control rats matched for body weight at the time of 

stereotaxic surgery. 
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For 30 days following postlesion Day 12, all subjects were 

maintained ad libitum on Purina rat chow pellets. Body weights were 

recorded at the end of this ad libitum period. 

The four days following the ad libitum period constituted a 

posttest during which rats underwent another two acid sampling trials. 

The mean level of acid secretion of each rat on these two tests was 

recorded as its posttest secretion level. At the end of this test, rats 

were sacrificed and brains removed for histological examination. 

Measurements of Gastric Acid Secretion 

Three different parameters of gastric secretion were obtained. 

First, the volume (expressed in mls) of the sample was measured. 

Second, the amount of acid (expressed as uEq a+) in the sample, i.e., 

acid output, was determined by titrating the sample to pH 7 with .OS M 

NaOH. Finally, the acid concentration (expressed as uEq a+!ml) of the 

sample was calculated by dividing acid output by sample volume. Due to 

the passive nature of the acid collection method, measurement of acid 

output might be confounded by the small amount of volume secreted in 

some cases. As such, it was generally assumed that the calculated 

measure of acid concentration provided the most sensitive index of 

stomach acid secretion. 

Postlesion Acid Data 

To take full advantage of the prelesion-postlesion design of this 

experiment, the effects of lesions on acid secretion were expressed by 

normalizing the postlesion acid data. Specifically, for each rat, the 
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mean prelesion acid data was assigned a value of 100%. Postlesion acid 

scores were expressed as a percentage of prelesion acid secretion 

(Normalized value= Postlesion/Prelesion X 100). 

RESULTS 

Histology 

The histological criteria detailed in Chapter 3 were used to 

select animals into the PVH and VMH groups. Based upon these selection 

criteria, 10 PVH and 4 VMH rats were selected into the final lesion 

groups. Figure 6 illustrates the extent of 2 PVH and 2 VMH lesions. 

Body Weight 

The mean body weights of PVH, VMH and control groups are shown in 

Figure 7. The body weight of the three groups were equivalent at 

surgery, F(2,21) = .15, p > .05. Most importantly, the food 

restriction regimen successfully maintained the body weight of PVH and 

VMH rats at control levels during postlesion Day 2-12. During this 

period the body weight of the three groups were not significantly 

different, F(2,21) = .004, p > .OS. However, the weight gained in the 

4 weeks of ad libitum feeding were different, F(2,21) = 6.34; p < .01. 

Both PVH, q2 = 3.28, p < .OS, and VMH, q3 = 4.67; p < .01, rats g~ined 

more weight than controls during this time; the weight gains of the two 

lesion groups were similar, q2 = 1.02; p > .05. 
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Figure 6. Reconstruction of 2 PVH and 2 VMH lesions in the gastric 

acid study. Legend and abbreviations as in Figure 1. 
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Figure 7. Mean body weight changes of VMH (N = 4), PVH (N = 10) and 

control (N = 10) rats in the gastric acid study. Vertical lines 

represent 1 SEM. 
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Gastric Acid Secretion 

Prelesion, levels of gastric secretions were similar among the 

three groups in all three measures of secretion. Analyses of variance 

performed on the untransformed data indicated no group differences in 

acid output, F(2,21) = 1.86, p ).05; volume, F(2,21) = 1.88, p > .05; 

or acid concentration, F(2,21) = 1.46, p > .OS. Analyses of normalized 

postlesion data indicated significant differences between the three 

groups in all these measures: acid output, F(2,21) = 9.83, p < .01; 

volume, F(2,21) = 5.20, p < .01; acid concentration, F(2,21) = 7.09, 

p < .01. 

The postlesion gastric acid secretion of the three groups are 

showed in Figure a. Gastric samples from VMH rats were significantly 

greater than controls in volume, p < .OS, acid output, p < .01 and acid 

concentration, p < 01. VMH rats exhibited elevated secretions on Day 2 

postlesion, p's < .01 for volume, output, and concentration. On Day 4 

postlesion, no group differences in any parameter were apparent, all 

p's > .OS. However, persistent elevation of acidity of gastric 

secretion was shown in all subsequent postlesion days, p's < .OS. 

Gastric secretion of PVH rats was similar to controls at all postlesion 

days, in terms of volume, output, and acid concentration. 
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Figure 8. Mean levels of basal gastric acid secretion in VMH (N a 4), 

PVH (N = 10) and control (N = 10) rats. Vertical lines represent 1 

SEM. 
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DISCUSSION 

The results of this experiment indicate that VMH, but not PVH, 

lesions elevate the basal level of gastric acid secretion. On every day 

postlesion, PVH rats had levels of gastric acid secretion nearly 

identical to control values. In contrast, VMH rats were hyperacidic in 

the postlesion period relative to both control and PVH rats. The 

hypersecretion was evident on Day 2 postlesion, although this may 

reflect some nonspecific effect of electrolytic lesions of the VMH such 

.1s tissue irritation (Schoenfield and Hamilton, 1977). Except on Day 4 

:?ostlesion, the hyperacidity of VMH rats persisted throughout the 

postlesion period. The exact cause for the failure to detect the 

hypersecretion on Day 4 is not clear. 

The finding of a VMH lesion-induced basal hypersecretion is 

c:onsistent with previous reports (Ridley and Brooks, 1965; Weingarten 

~md Powley, 1980) and demonstrates several features of the 

lesion-induced change. First, gastric acid hypersecretion occurs in VMH 

z·ats even when hyperphagia is eliminated by restricted feeding. Second, 

gastric acid hypersecretion develops rapidly after VMH lesions; in the 

present test conditions, by Day 2 postlesion. This finding is in 

agreement with similar acid results (Ridley and Brooks, 1965) and 

consistent with data demonstrating rapid elevati~ns of other visceral 

secretions following VMH lesions (Berthoud and Jeanrenaud, 1979; Rohner 

et al., 1977). Finally, additional body weight gain postlesion does not 

!~crease levels of acid secretion in VMH rats. As shown in the present 

study, the same levels of hypersecretion were manifest in VMH rats when 
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they were restricted to normal weights and when they became overweight 

after the ad libitum period. 

This study reveals for the first time that lesions of the PVH do 

not alter basal levels of gastric acid secretion. Furthermore, 

hyperphagia and excessive weight gain of PVH animals which occurred 

during the ad libitum feeding period did not result in acid 

hypersecretion, even though PVH rats weighed more than controls at the 

time of this test. Although other studies have implicated the PVH in 

control of neuroendocrine or autonomically-regulated peripheral function 

(Ciriello and Calaresu, 1980; Rogers and Kahrilas, 1984; Tache et al., 

1980), the absence of effects of PVH lesions on basal gastric acid or 

insulin (see Chapter 3) secretion suggest that the PVH is not a critical 

site involved in the central nervous system control of basal visceral 

secretion. 

EXPERIMENT II. 	 EFFECTS OF PVH AND VMH LESIONS ON BODY FAT IN RATS 

MAINTAINED ON RESTRICTED FEEDING 

The previous experiment indicates that PVH and VMH lesions had 

different effects on visceral secretion. PVH rats exhibited normal 

levels of plasma insulin and gastric acid. In contrast, VMH animals 

were hyperinsulinemic and hyperacidic. In view of the relationship 

between these visceral secretions and the development of VMH obesity, 

these data suggest that the etiology of the PVH and VMH obesity may be 

different. This experiment provides the critical test of this 
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possibility by examining whether PVH obesity develops even in the face 

of normophagia. As discussed before, a "regulatory" obesity requires 

hyperphagia for the acquisition of excessive fat store. In contrast, in 

a "metabolic" obesity, excessive fat accumulates even with normal intake 

and body weight. VMH obesity is of this latter type. In this 

experiment, the classification of the PVH obesity is evaluated by 

examining body fat changes in PVH and VMH rats maintained at control 

weights by a restricted feeding procedure. 

In this study, two different diets varying in carbohydrate content 

were used since it has been recently suggested that changes in metabolic 

profile after PVH lesions may depend on carbohydrate content of 

maintenance diet (Sclafani and Aravich, 1983). The diets used are 

Purina rat chow pellets and a high fat diet (see Table 1, page 27). 

Pellets have the higher carbohydrate content. If the development of PVH 

obesity depends solely upon increased consumption, i.e. a regulatory 

obesity, no changes in body fat composition should be found in PVH rats 

under either dietary conditions. 

METHODS 

Experimental Procedure 

Seventy two male Long Evans hooded rats were subjects. They were 

weighed and assigned to six different groups so that the mean body 

weights would be equivalent. The groups differed in maintenance diet 

(Purina rat pellet versus high fat) and lesion type (VMH, PVH or sham 
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lesions). First, all rats underwent stereotaxic surgery. For the next 

28 days, control rats had ad libitum access to their assigned diet, 

pellets or high fat. The food intake of the lesioned animals was 

restricted daily to ensure that their body weight gains matched that of 

their controls. At the end of the 28 days, subjects were sacrificed 

and carcass analyses conducted. 

RESULTS 

Histology 

Eight PVH and 6 VMH rats maintained on high fat diet and 9 PVH and 

6 VMH animals maintained on pellet diet were selected for the final 

lesion groups based upon the histological criteria described before. 

The extent of neural damage in 4 PVH and 4 VMH brains are illustrated 

in Figures 9 and 10. 

Body Weight 

Figure 11 illustrates the body weights of different groups 

throughout the study. The body weights of groups were similar at 

surgery, F(5,39) = .14, p > .OS. Most importantly, the food restriction 

procedures used were successful in maintaining the weights of lesion 

animals at control levels under both dietary conditions. Although, 

overall,animals maintained on high fat gained more weight then those on 

pellets, F(l,39) = 31.28, p < .01, PVH and VMH rats gained similar 

amounts of weight as the appropriate control animals in both diet 

conditions. 
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Figure 9. Reconstruction of lesion damage in 2 PVH and 2 VMH rats 

maintained on pellets. Daily food intake was restricted to maintain 

weight at control levels. 
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Figure 10. Reconstruction of lesion damage in 2 PVH and 2 VMH rats 

maintained on high fat. Daily food intake was restricted to maintain 

weight at control levels. 
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Figure 11. Mean body weights of the groups throughout the 28 day 

postlesion period. Daily food intake of lesion groups was restricted to 

maintained their weights at control levels. 
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Carcass Compositions 

The carcass analysis results are shown in Figure 12. Overall, 

animals maintained on the high fat diet were fatter than rats fed 

pellets, F(1,39) = 37.86, p < .01. Furthermore, group differences in 

percent fat were also apparent. VMH rats on pellets had a higher 

percentage carcass fat than control,q3 = 4.42, p < .01, and PVH, q2 = 

3.31, p ( .OS, animals maintained on the same diet. Similarly, on high 

fat diet, VMH rats were significantly fatter than control, q3 = 5.40, p 

< .01, and PVH, q2 = 4.79, p < .01, animals. There were no significant 

differences in carcass fat between PVH and control animals in either the 

pellet, q2 = 1.10, p ) .OS, or high fat, q2 = .61, p ) .OS, conditions. 

DISCUSSION 

When the body weight increases of PVH and VMH rats are normalized 

by restricted feeding, VMH, but not PVH, rats develop an obesity. 

Specifically, greater percentages of body fat are found in normal-weight 

VMH rats maintained on either pellets or high fat. In contrast, PVH 

rats at control weights had nearly identical levels of body fat to 

control groups in both the pellet and high fat conditions. The present 

result of the development of obesity in food-restricted VMH rats is 

consistent with previous reports (Cox and Powley, 1981; Han, 1967). The 

findings in PVH rats, however, represent the first report of the failure 

of PVH rats to develop an obesity when maintained at control weight. 

The absence of obesity in normal-weight PVH rats indicates that the 

development of PVH obesity depends upon excessive food intake. 
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Figure 12. Mean percent carcass fat of the lesion and control groups 

maintained on high fat or pellet diets. Vertical bars represent 1 SEM. 

Numbers above bars indicate mean (± 1 SEM) body weight of group at 

sacrifice. 
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The present results also indicate that differences in composition 

of the diet do not interact with PVH lesions. PVH rats failed to 

demonstrate obesity on both a high carbohydrate and high fat diet. 

This finding argues against the hypothesis of Sclafani and Aravich, 

(1982; 1983) who postulate that the metabolic profile of the PVH rat 

depends upon the nutritional content of maintenance diet. 

In concert with the results of the previous experiments, these 

data indicate that: i) PVH lesions do not produce a primary change in 

metabolic profile, and; ii) the development of obesity following PVH 

lesions depends cri:ically on the opportunity for increased caloric 

intake. In contras:, acid hypersecretion and obesity develop in VMH 

rats even in the ab3ence of hyperphagia. These findings suggest 

fundamentally different etiologies of the PVH and VMH obesities. 



CHAPTER V. EFFECTS OF PVH AND VMH LESIONS ON SHAM FEEDING OF SUCROSE 

SOLUTIONS VARYING IN PALATABILITY 

The previous experiments demonstrate that PVH and VMH lesions have 

different effects on visceral secretion and fat deposition. This led 

:o the suggestion that PVH obesity developed as a result of a primary 

disturbance in their control of feeding behavior. If this is so, then 

one should be able to detect changes in a feeding-related response even 

in PVH rats restricted to normal body weights. The present experiment 

provides this analysis by examining whether PVH rats also demonstrate 

the increased food intake in response to sensory properties of food, 

which is characteristic of VMH rats. 

As discussed earlier, a defining trait of the VMH syndrome is a 

heightened reactivity to sensory qualities of food which manifests 

itself as exaggerated intake of good-tasting foods. It is not clear 

whether PVH lesions also produce a similar eating disturbance. PVH 

rats are more hyperphagic on certain foods than others (Aravich and 

Sclafani, 1983; Sclafani and Aravich, 1983). However, interpretation 

of these data is problematic since these data were obtained in obese 

PVH rats eating normally. For example, it is possible that the 

observed fluctuations in hyperphagia on different diets represents a 

secondary consequence of the developed obesity and not a direct result 

of the lesions. To assess this possibility it is necessary to test PVH 

rats prevented from becoming overweight. Furthermore, since the data 
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were obtained in normally feeding rats, they do not necessarily 

indicate that the feeding disturbance resulted from a change in 

reaction to sensory qualities of the foods. It may be that the lesion 

interacts with some postingestional consequence of the diets. A 

procedure is require~d to isolate food intake changes based solely upon 

sensory properties of the diet. Sham feeding is such a preparation. 

With sham feeding, the ingested diet stimulates the oropharynx but 

drains out of the stomach prior to the activation of gastric or 

intestinal mechaniSilS· Thus, this preparation eliminates the effects 

of postingestional ''r postabsorptive consequences on intake and thereby 

isolates the effect:; of oropharyngeal stimulation on food intake. 

METHODS 

Experimental Procedure 

Thirty six male Long Evans hooded rats were used. First, a 

chronically-indwelling gastric cannula was implanted into each rat. A 

two week recovery I'eriod was allowed during which time rats were 

maintained ad libitum on Purina rat pellets. 

At the end of recovery, subjects were assigned to a VMH (N = 11), 

PVH (N = 16) or control (N = 9) groups. The mean body weights and 

variance of the three groups were equated. Rats underwent stereotaxic 

surgery for bilateral hypothalamic lesions or sham lesions. During the 

7-10 day recovery period, control rats had free access to food. 

However, the daily food of PVH and VMH rats was restricted to maintain 

the weights of individual lesion animals equivalent to a control rat 



65 

equated for body weight at the time of stereotaxic surgery. This food 

restriction procedure continued for the duration of the experiment. 

On 7 consecutive days following recovery from stereotaxic surgery, 

tats were habituated to the sham feeding environments and, more 

lmportantly, trained to lick reliably in the test cage. Training 

Hessians were 30 min long and rats were permitted to sham feed 18% 

(weight/volume) sucrose solution. By the end of the training period, 

all subjects licked from the drinking spout immediately upon it being 

placed in the cage. 

In the test phase, three test diets were used: 6% (weight/volume), 

:~8% (weight/volume), and 36% (weight/volume) sucrose. On each test 

day, subjects were tested with only one liquid diet. The diet used on 

.my particular day was selected randomly with the qualification that 

.ill test diets were represented within a 3 day block. This experiment 

~as repeated four times producing a total of 12 test days. Each test 

session was 30 min in duration, and the amount ingested during 

consecutive 5 min of the session was recorded. 

After testing, all rats were maintained ad libitum on a high fat 

diet for 2 weeks in order to measure the degree of hyperphagia and 

weight gain in PVH and VMH animals. The body weights of animals were 

recorded at the end of this period. Then, rats were sacrificed and the 

brains examined. 
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RESULTS 


Histology 

Seven PVH and 6 VMH rats were included in the final lesioned 

groups based upon the histological criteria established in Chapter 3. 

The extents of the lesions of 2 PVH and 2 VMH rats are shown in Figure 

13. 

Body Weight 

Figure 14 shows group mean body weights of the three groups at 

various phases of the experiment. The three groups had similar body 

weights at the time of stereotaxic surgery, F(2,19) = .32, p > .05. 

The food restriction procedure was successful in maintaining the body 

weights of lesioned animals at control levels throughout training and 

testing. Specifically, weights of PVH and VMH rats were not different 

from controls at the end of training, F(2,19) = 2.8, p > .05, or 

testing, F(2,19) = 1.12, p > .05. The body weight of the three groups 

were significantly different at the end of high fat, F(2,19) = 12.92, p 

< .01. Both PVH, q2 = 5.10, p < .01, and VMH, q3 = 6.59, p < .01, rats 

became significantly heavier than controls on high fat. Body weights 

of PVH and VMH rats were similar, q2 = 1.49, p > .05. 

Sham Feeding 

The mean 30 min sham feed intakes of the three groups at the 

different concentrations of sucrose are shown in Figure 15. The amount 

sham fed by the groups was affected significantly by sucrose 
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Figure 13. Reconstruction of 2 PVH and 2 VMH lesions in the sham 

feeding study. Legend and abbreviations as in Figure 1. 
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Figure 14. Group mean body weight of VMH (N=6), PVH (N=7) and control 

(N=9) rats during various phases of the sham feeding experiment. 

Vertical lines represent 1 SEM. 
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Figure 15. Mean 30-minute total sham fed intakes by VMH (N = 6), PVH 

(N = 7) and control (N = 9) rats of 6%, 18% and 36% sucrose. Vertical 

lines represent 1 SEM. 



• • 
50 

.... A VMH 
PVH 

,..... o----o CONT 
(/)-E 40 
~ 

w 

< 
~ 

I-
z 

30Q 
w 
w 
u. 

< 
~ 

:c 
(./) 20 
w 
I
::> 
z-
~ 

0 
I 

10 
(t') 

6% 18% 36% 

SUCROSE CONCENTRATION 



70 

concentration, F(2,:18) = 262.98, p < .01; all groups increased intake 

with ascending sucrose concentrations. But, the actual amount eaten by 

the three groups wan also significantly different, F(2,19) = 22.38, p < 

.01. Further, the ::eeding profile of the three groups across the 

sucrose solutions d:Lffered significantly, F(4,38) = 13.56, p < .01. 

Multiple compa::isons were used to evaluate group differences at 

each sucrose concen::ration. The amounts ingested by the three groups· 

were similar at 6% :mcrose. On 6% sucrose, both PVH, q2 = .07, p > 

.OS, and VMH, q3 = L.96, p ) .OS, rats sham fed similar amounts as 

controls. At 18% s·Jcrose, however, both PVH, q2 = 5.64, p < .01, and 

VMH, q4 = 13.9, p < .01, rats sham fed more than controls. PVH animals 

sham fed less than 'ilMH rats, q3 = 8. 26, p < .01. Similar differences 

were apparent at 36:r. sucrose. PVH, q3 = 9.51, p < .01, and VMH, q4 = 

13.87, p < .01, rats again consumed more than controls, and VMH rats 

drank more than PVH rats, q2 • 4.36, p < .01. 

DISCUSSION 

The results iniicate that both PVH and VMH animals exaggerate their 

level of food intake when the sensory properties of the diet are made 

more palatable. Under the present test conditions, higher 

concentrations of sucrose lead to increased sham feeding in control 

animals. However, this normal profile was amplified by PVH and VMH 

lesions. As the sucrose concentration of the diet increased, both PVH 

and VMH rats showed disproportionately large increases in the amount 

sham fed. The exaggeration of this response in PVH rats was attenuated 
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compared to VMH anin.als. As emphasized in the Introduction, sham 

feeding isolates the orosensory effects on food intake by eliminating 

the postingestive effects on consumption. Thus, these data suggest that 

both PVH and VMH rats are hyperresponsive to the sensory qualities of 

foods. 

The present results in VMH and control animals agree with other 

sham feeding data (Weingarten, 1982; Weingarten and Wason, 1982) even· 

though procedural differences (such as the degree of food restriction 

and level of body weight) exist between these studies. 

The heightened responsiveness to taste qualities of food induced by 

PVH and VMH lesions did not represent a secondary consequence of 

postlesion body weight changes. In the present experiment, lesion 

animals were tested under normal body weights. Although it is possible 

that postlesion weight gain may further potentiate their responsiveness 

to the sensory aspects of food, it is clear from the present data that 

elevated body weight is not necessary for this behavioral disturbance. 



CHAPTER VI. GENERAL DISCUSSION 

The aim of this thesis was to characterize the PVH syndrome and, 

s:pecifically, to compare the behavioral and metabolic disturbances 

c.ccompanying PVH lesions to those produced by VMH damage. PVH and VMH 

lesions induce similar degrees of hyperphagia and weight gain under ad 

libitum feeding conditions, although the effects with PVH lesions are 

s:omewhat attenuated. The excessive food intake resulting from damage in 

the two hypothalamic sites results in the development of obesity 

identified as an increased body fat compartment relative to controls. 

ln VMH animals, the obesity is accompanied by a hyperinsulinemia; 

insulin levels of obese PVH animals are elevated but are not 

significantly different from control values. 

When the postlesion food intake of PVH and VMH animals is 

restricted to maintain their body weight at normal levels, VMH, but not 

F'VH, animals develop an obesity. The development of obesity in VMH rats 

in the absence of hyperphagia is apparent regardless of whether the rats 

are maintained on a standard pellet, or a high fat, diet. In addition, 

only VMH rats at control or elevated body weights display a basal 

gastric acid hypersecretion. PVH rats do not demonstrate this 

disturbance regardless of weight level. Thus, the development of the 

obesity and specific visceral secretion changes following VMH lesions is 

hyperphagia independent. In contrast, the development of obesity 

following PVH lesions depends upon an excessive level of food intake. 
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Under sham feeding conditions, control rats increase consumption 

11ith ascending sucrose concentration. However, both PVH and VMH 

animals, even when restricted to control weights, show 

disproportionally large increments with increased sucrose, although 

1:his altered behavioral pattern is more apparent with VMH lesions. 

·~us, the data indicate that both PVH and VMH lesions produce the 

behavioral change of an altered reactivity to taste properties of food. 

On the basis of these results, several conclusions can be made. 

First, the two hypothalamic lesions produce a similar set of 

feeding-related behavioral disturbances including hyperphagia, weight 

gain and an over-responsiveness to sensory properties of food. As such, 

tt can be suggested that the PVH and VMH represent two sites controlling 

feeding behavior. Two possibilities exist. One is that these two 

~:ites represent points in a common hypothalamic circuit or system 

involved in the control of feeding. Alternatively, the feeding 

disturbances produced by lesions of these two loci may be mediated by 

independent mechanisms. This latter possibility is supported by the 

a.necdotal observation that combined PVH and VMH lesions produced 

greater hyperphagia and weight gain than either PVH or VMH damage alone 

(Leibowitz, Hammer and Chang, 1981). 

A second conclusion is that, unlike the VMH, PVH lesions do not 

froduce a primary alteration of physiological and metabolic profile. 

In fact, failure to observe acid, insulin, or fat store changes in PVH 

lesion rats maintained at normal body weights suggests that the PVH is 

not critically involved in the control of secretion or metabolism. 
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The major conclusion from this project is that the pathogenesis of 

PVH and VMH lesion-induced obesities may be fundamentally different. 

As discussed in the General Introduction, obesities can be classified 

into two categories based upon the dependence of the obesity on an 

elevated food intake (Mayer and Thomas, 1967). The development of 

obesity in the presence of normophagia can be a defining test of a 

metabolic obesity. The requirement of hyperphagia for the development 

of an obesity may be used to define a regulatory obesity. The present 

results replicate the work others (see Powley et al, 1980 for review) 

that the VMH syndrome represents a metabolic obesity in that the 

development of the obesity does not depend upon an excessive level of 

food intake. Most other animal models of obesity including the Zucker 

rat (Cleary, Vasselli and Greenwood, 1980), ob/ob mouse (Chlouverakis, 

1970) and db/db mouse (Cox and Powley, 1977) are examples of metabolic 

obesities. Hyperphagia amplifies the anabolic disturbances in these 

metabolic obesities. In contrast, the PVH obesity appears to be 

regulatory in nature as its development depends critically on the 

opportunity for overeating. 

It is unlikely that differences documented between PVH and VMH 

syndrome exist simply because of differences in the amount of 

hypothalamic tissue destroyed by the two lesions. First, although less 

current is used to produce PVH lesions (relative to VMH lesions), the 

PVH lesions are far from small. The typical PVH animal in these 

experiments sustained extensive hypothalamic damage in the rostral 

dorsal hypothalamus including complete destruction of the 

paraventricular nuclei. Furthermore, animals with VMH lesions smaller 
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in size than the typical PVH damage sustained by animals selected for 

the PVH groups in these studies exhibit elevated visceral secretion and 

become obese (Bernardis and Frohman, 1970, 1971). Second if simply the 

amount of tissue damage in the hypothalamus (regardless of locus) 

contributed to the magnitude of these physiological changes, one would 

expect to observe some degree of disturbance in PVH animals. However, 

as demonstrated in the present and other experiments (Gunion and Tache, 

1985), levels of gastric acid secretion and body fat are almost 

identical in control and PVH animals restricted to normal weights. 

Recently, the PVH has been identified as a hypothalamic site with 

intimate connections with the central autonomic nuclei such as the 

dorsal motor nucleus of the vagus. On the basis of these anatomical 

connections, some have argued for a role of the PVH in the regulation 

of peripheral metabolism (Sawchenko and Swanson, 1981; Swanson and 

Kuyper, 1980; Swanson and Sawchenko, 1980). Other studies implicate 

the PVH in the control of peripheral function. For example, electrical 

stimulation of the PVH increases gastric acid secretion (Rogers and 

Kahriles, 1984). However, the complete inability of PVH lesions in the 

present studies to produce changes in basal gastric acid secretion or 

fat storage suggest that the control of these peripheral events by the 

PVH is not simple. 

These conclusions have implications for the analysis and 

interpretation of the collection of disturbances comprising the 

hypothalamic lesion syndromes. One traditional approach has been to 

suggest that the hypothalamic ablation induces a single primary 

disturbance which leads, secondarily, to the development of other 
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characteristics comprising the syndrome. In the case of the VMH 

syndrome, the disturbance identified as the primary causal factor has 

changed over time. Originally, hyperphagia was considered as the 

primary causal factor (Brobeck, Tepperman and Long, 1943). More 

recently, the primacy of metabolic disturbances, such as elevated 

visceral secretions (Bray and York, 1979; Powley, 1977), has been 

championed. There is however, an alternative interpretation of the 

collection of physiological and behavioral disturbances following 

hypothalamic lesions. The hypothalamus is a complex, heterogenous 

structure involved in many aspects of homeostasis and behavior. It is 

possible that large VMH lesions induce a series of independent 

disturbances which, given the appropriate anatomical and behavioral 

analyses, could be dissociated from one another. Although this 

sentiment has been expressed (Grossman, 1984; Powley et al., 1980; 

Sclafani and Kirchgessner,1985), this approach is not usually 

represented in experimental analysis of the hypothalamic obesity 

syndromes. As discussed earlier, the results of the present series of 

experiments indicate that lesions of two adjacent areas of the 

hypothalamus produce obesities with fundamentally different etiologies. 

Others have also argued for a distinction between a VMH syndrome induced 

by electrolytic lesions and by parasaggital knife-cuts (Bray, Sclafani 

and Novin, 1982). In contrast to the VMH lesion syndrome, neither the 

knife-cut nor the PVH animal is hyperinsulinemic. The possibility 

exists, therefore, the two types of obesity can be produced by damage of 

the hypothalamus. One, represented by the VMH knife cut and PVH lesion, 

produces a primary disturbance in food intake. The second, 
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characterized by VMH electrolytic lesions, produces a primary set of 

metabolic disturbances which result in increased adiposity. Since 

lesions restricted to the ventromedial hypothalamic nuclei are 

sufficient to produce a metabolic obesity (Bernardis and Frohman, 1970, 

1971) but not hyperphagia (Beven, 1973; Gold, 1973) it is possible that 

larger lesions of the VMH, such as those used in the present as well 

other experiments to produce VMH syndrome, might destroy both of these 

systems and, therefore, produce a more pronounced obesity. 

One fundamental question remains: why do PVH and VMH rats overeat? 

There is no generally accepted answer although several possibilities 

can be entertained. One possibility is that the hyperphagia may result 

from a insensitivity to satiating signals which arise normally from the 

periphery and signal meal termination. Ingested food elicits a variety 

of physiological satiety signals (e.g., gastric distentation, release 

satiety hormones, etc.). If hyperphagia-inducing hypothalamic lesions 

disrupt processing of these satiety signals, overeating may result. 

Experimental results, however, indicate that such conjecture may not be 

true. Several studies demonstrate that hyperphagic VMH animals are 

equally responsive as normals to "satiety" manipulations such as 

intragastric preloads (Liu and Yin, 1974; McHugh et al., 1975; Novin et 

al., 1979; Panksepp, 1971; Smith et al, 1961; Thomas and Mayer, 1968) 

and injection of putative satiety hormones, such as cholecystokinin and 

bombesin (Kulkosky et al., 1976; West et al., 1982). Thus, these data 

mitigate the interpretation of hyperphagia resulting from a satiety 

mechanism deficit. 
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An alternative explanation for hypothalamic lesion-induced 

hyperphagia is that the overeating may result from an 

overresponsiveness to mechanisms which normally stimulate eating. PVH 

and VMH rats demonstrate exaggerated food intake in response to the 

taste of food. It is possible that a disturbance related to this 

C.eficit of sensory processing contributes to the overeating. 

In summary, the present experiments demonstrate similar effects of 

F'VH and VMH lesions on producing feeding related behavioral changes and 

reveal different effects of the two lesions in producing metabolic 

disturbances. These results suggest that the etiologies of the two 

obesity syndromes are fundamentally different. · PVH lesions induce a 

regulatory obesity, VMH lesions induce a metabolic obesity. In 

addition, these results implicate that the elements of hypothalamic 

obesity syndromes may be independently induced by damage to separate 

hypothalamic systems which control different aspects of feeding and 

energy metabolism. 



REFERENCES 


J,nand, B.K., and Brobeck, J.R. (1951). Hypothalamic control of food 

·intake in. rats and cats. Yale Journal of Biology and Medicine, 24, 

123-140. 

l~avich, P.F., and Sclafani, A. (1983). Paraventricular hypothalamic 

lesions and medial hypothalamic knife cuts produced similar 

hyperphagia syndromes. Behavorial Neuroscience, 97, 970-983. 

Hecker, E.E., and Kissileff, H.R. (1974). Inhibitory controls of 

feeding by the ventromedial hypothalamus. American Journal of 

Physiology, 226, 383-393. 

I:ernardis, L.L. (1984). Paraventricular nucleus lesions in weanling 

female rats result in normophagia, normal body weight and 

composition, liner growth, and normal levels of several plasma 

substrates. Physiology and Behavior, 32, 507-510. 

I:ernardis, L.L., and Frohman, L.A. (1970). Effect of lesion size in the 

ventromedial hypothalamus on growth hormone and insulin levels in 

the weanling rat. Neuroendocrinology, ~, 319-328. 

E:ernardis, L.L., and Frohman, L.A. (1971). Effects of hypothalamic 

lesions at different loci on development of hyperinsulinemia and 

obesity in the weanling rat. Journal of Neurology, 141, 107-116. 

E:erthoud, H.R., and Jeanrenaud, B. (1979) Acute hyperinsulinemia and 

its reversal by vagotomy following lesions of the ventromedial 

hypothalamus in anesthetized rats. Endocrinology, 105, 146-151. 

79 




80 

Berthoud, H.R., Bereiter, D.A., Trimble, E.R., Siegel, E.G., and 

Jeanrenaud, B. (1981). Cephalic phase, reflex insulin secretion: 

neuroanatomical and physiological characterization. Diabetologia, 20, 

393-40i. 

Berthoud, H.R., Niijima, A., Sauter, J.F., and Jeanrenaud, B. (1983). 

Evidence for a role of the gastric, coeliac and hepatic branches in 

vagally stimulated insulin secretion in the rat. Journal of the 

Autonomic Nervous System, 1, 97-110. 

:~even, T.E. (1973). Experimental dissociation of hypothalamic 

finickiness and motivational deficits from hyperphagia and from 

hyperemotionality. Doctoral Dissertation. (University Microfilms 

No. 74-9665) 

Bray, G.A., and York, D.A. (1979). Hypothalamic and genetic obesity in 

experimental animals: An autonomic and endocrine hypothesis. 

Physiological Reviews, ~' 718-809. 

Bray, G.A., Inoue, s., and Nishizawa, Y. (1981). Hypothalamic obesity, 

the autonomic hypothesis and the lateral hypothalamus. Diabetologia, 

20, 366-377. 

Bray, G.A., Sclafani, A., and Novin, D. (1982). Obesity-inducing 

hypothalamic knife cuts: effects on lipolysis and blood insulin 

levels. American Journal of Physiology, 243, R445-R449. 

Brobeck, J.R. (1946). Mechanism of the development of obesity in 

animals with hypothalamic lesions. Physiological Reviews, 26, 

541-559. 



81 

3robeck, J.R., Tepperman, J., and Long, C.N. (1943). Experimental 

hypothalamic hyperphagia in the albino rat. Yale Journal of Biology 

and Medicine, ~' 831-853. 

3rooks, c.M., and Lambert, E.F. (1946). A study of the effect of 

limitation of food intake and method of feeding on the rate of 

weight gain during hypothalamic obesity in the albino rat. American 

Journal of Physiology,~' 695-707. 

Brooks, C.M., Lockwood, R.A., and Wiggins, M.L. (1946). A study of the 

effect of hypothalamic lesions in the eating habits of the albino 

rat. American Journal of Physiology, ~' 735-741. 

Brown, J.C., Dryburgh, J.R., Ross, S.A., and Dupre, J. (1975). 

Identification and actions of gastric inhibitory polypeptide. Recent 

Progress in Hormone Research, 31,1 487-531. 

Carlisle, H.J., and Stellar, E. (1969). Caloric regulation and food 

preference in normal, hyperphagic, and aphagic rats. Journal of 

Comparative and Physiological Psychology, 69, 107-114. 

Chlouverakis, c. (1970). Induction of obesity in obese-hyperphagic mice 

(ob/ob) on normal food intake. Experientia, ~' 1262-1263. 

Ciriello, J., and Calaresu, F.R. (1980). Role of paraventricular and 

supraopti nuclei in central cardiovascular regulation in the rat. 

American Journal of Physiology, 239, Rl37-Rl42. 

Cleary, M.P., Vasselli, J.R., and Greenwood, M.R.C. (1980). Development 

of obesity in Zucker obese (fa/fa) rat in absence of hyperphagia. 

American Journal of Physiology, 238, E284-E292. 



82 

Corbit, J.D., and Stellar, E. (1964). Palatability, food intake, and 

obesity in normal and hyperphagia rats. Journal of Comparative and 

Physiological Psychology, 58, 63-67. 

1:ox, J.E., and Powley, T.L •. (1977). Development of obesity in diabetic 

mice pair-fed with lean siblings. Journal of Comparative and 

Physiological Psychology, ~' 347-358. 

Cox, J.E., and Powley, T.L. (1981). Intragastric pair feeding fails to 

prevent VMH obesity or hyperinsulinemia. American Journal of 

Physiology, 240, E566-E572. 

~:ox, J.E., and Powley, T.L. (1984). Private communication from Dr. J.E. 

Cox. 

:Javis, R.A., Brooks, F.P., Steckel, D.C. (1968). Gastric secretory 

changes after anterior hypothalamic lesions. American Journal of 

Physiology, 215, 600-604. 

:~ng, R., Gold, R.M., and Sawchenko, P.E. (1978). Hypothalamic 

hypoactivity prevented but not reversed by subdiaphragmtic vagotomy. 

Physiology and Behavior, 20,637-641. 

~erguson, N.B.L., and Keesey, R.E. (1975). Effect of a 

quinine-adultered diet upon body weight maintenance in male rats with 

ventromedial hypothalamic lesions. Journal of Comparative and 

Physiological Psychology, ~' 478-488. 

~rohman, L.A., and Bernardis, L.L. (1968). Growth hormone and insultn 

levels in weanling rats with ventromedial hypothalamic lesions. 

Endocrinology, 82, 1125-1132. 

Gold, R.M. (1970). Hypothalamic hyperphagia: males get just as female. 

Journal of Comparative and Physiological Psychology, Z!, 347-356. 



83 

Gold, R.M. (1973). Hypothalamic obesity: the myth of the ventromedial 

nucleus. Science, ~' 488-490. 

Gold, R.M., Jones, A.P., Sawchenko, P.E., and Kapatos, G. (1977). 

Paraventricular area: critical focus of a longitudinal 

neurocircuitry mediating food intake. Physiology and Behavior, 1!, 

1111-1119. 

Goldman, J.K., Bernardis, L.L., and Frohman, L.A. (1974). Food intake 

in hypothalamic obesity. American Journal of Physiology, 227, 

88-91. 

Graff, J., and Stellar, E. (1962). Hyperphagia, obesity and 

finickiness. Journal of Comparative and Physiological Psychology, 

~' 418-424. 

Grossman, S.P. (1966). The VMH: a center for affective reactions, 

satiety, or both? Physiology and Behavior, !' 1-10. 

Grossman, S.P. (1972). Aggression, avoidance, and reaction to novel 

environments in female rats with ventromedial hypothalamic lesions. 

Journal of Comparative and Physiological Psychology, ~' 274-283. 

Grossman, S.P. (1984). Contemporary problems concerning our 

understanding of brain mechanisms that regulate food intake and body 

weight. In: Stunkard, A.J., and Stellar, E. (Eds.), Eating and its 

Disorders, Association for Research in Nervous and Mental Disease, 

62, 5-15. Raven Press, New York. 

Gunion, M.w., Tache, Y., and Walsh, J.W. (1983). Gastric hyposecretion 

and hyperglycemia induced by bombesin injection near the 

paraventricular nucleus. Society of Neuroscience Abstract, ~' 442. 



84 

Gunion, M.W., and Tache, Y. (1984). Intrahypothalamic 

corticotropin-releasing factor decreases gastric acid output by 

increases secretion volume. Gastroentrology, 86, 1272. 

Hales, C.N., and Kennedy, G.C. (1964). Plasma glucose, non-esterified 

fatty acid and insulin concentrations in hypothalamic-hyperphagic 

rats. Biochemical Journal, 90, 620-624. 

Han, P.w. (1967). Hypothalamic obesity in rats without hyperphagia. 

Transactions of the New York Academy of Sciences, 30, 229-243. 

~tan, P.w. (1968). Energy metabolism of tube-fed hypophysectomized rats 

bearing hypothalamic lesion. American Journal of Physiology, 215, 

1343-1350. 

Imn, P.w., Feng, L.Y., and Kuo, P.T. (1972). Insulin sensitivity of 

pair-fed hyperlipemic, hyperinsulinemic, obese-hypothalamic rats. 

American Journal of Physiology, 223, 1206-1209. 

Han, P.W., and Froman, L.A. (1970). Hyperinsulinemia in tube-fed 

hypophysectomized rats bearing hypothalamic lesion. American 

Journal of Physiology, 219, 1632-1636. 

Han, P.W., and Liu, A.c. (1966). Obesity and impaired growth of rats 

force fed for 40 days after hypothalamic lesions. American Journal 

of Physiology, 211, 229-231. 

Hetherington, A.W. (1944). Non-production of hypothalamic obesity in 

the rat by lesions rostral or dorsal to the ventro-medial 

hypothalamic nuclei. Journal of Comparative Neurology, 80, 33-45. 

a~therington, A.W., and Ranson, s.w. (1940). Hypothalamic lesions and 

adiposity in the rat. Anatomical Record, 78, 149-172. 



85 

Hetherington, A.W., and Ranson, s.w. (1942a). Effects of early 

hypophysectomy on hypothalamic obesity. Endocrinology, ~, 30-34. 

Hetherington, A.W., and Ranson, s.w. (1942b). The spontaneous activity 

and food intake of rats with hypothalamic lesions. American Journal 

of Physiology, 136, 609-617. 

Hetherington, A.W., and Weil, A. (1940). The lipid, calcium, 

phosphorous, and iron content of rats with hypothalamic and 

hypophysel damage. Endocrinology, ~, 723-727. 

::Ieinbecker, P., White, H.L., and Rolf, D. (1944). Experimental obesity 

in the dog. American Journal of Physiology, 141, 549-565. 

Hirsch, J., and Han, P.W. (1969). Cellularity of rat adipose tissue: 

effect of growth, starvation, and obesity. Journal of Lipid Research 

10, 77-82. 

Hoebel, B.G., Teitelbaum, P. (1966). Weight regulation in normal and 

hypothalamic hyperphagic rats. Journal of Comparative and 

Physiological Psychology, ~, 189-193. 

Holm, H., Hustvedt, B.E., and Lovo, A. (1973). Protein metabolism in 

rats with ventromedial hypothalamic lesions. Metabolism, ~' 

1377-1387. 

Eustvedt, B.E., and Lovo, A. (1972). Correlation between 

hyperinsulinemia and hyperphagia in rats with ventromedial 

hypothalamic lesions. Acta Physiologica Scandinavia, 90, 757-763. 

Inoue, s., and Bray, G.A. (1977). The effects of subdiaphragmatic 

vagotomy in rats with ventromedial hypothalamic obesity. 

Endocrinology, 100, 108-114. 



86 

Inoue, s., Bray, G.A. and Mullen, Y.S. (1977). Effect of 

transplantation of pancreas on development of hypothalamic obesity. 

Nature, 266, 742-744. 

Karakash, c., Hustvedt, B.E., and Lovo, A. (1977). Consequencees of 

ventromedial hypothalamic lesions on metabolism of perfused rat 

liver. American Journal of Physiology, 232, E286-E293. 

J(eesey, R.E., and Powley, T.L. (1975). Hypothalamic regulation of body 

weight. American Scientist, 63, 558-563. 

Kennedy, G.C. (1950). The hypothalamic control of food intake in rats. 

Proceedings Royal Society (London), 137, 535-549. 

~~ng, B.M., Esquerre, K.R., and Frohman, L.A. (1984). Obesity in 

absence of food-restricted hyperinsulinemia in female rats 

nonirritative lesions of the ventromedial hypothalamus. Society for 

Neurosciences Abstracts, ~' 187. 

Kulkosky, P.J., Breckenridge, c., Krinsky, R., and Woods, s. (1976). 

Satiety elicited by the C-terminal octapeptide of cholecystokinin

pancreozymin in normal and VMH-lesion rats. Behavioral Biology, ~' 

227-234. 

L•~ibowitz, S.F. (1976). Brain catecholaminergic mechanisms for control 

of hunger. In: Novin, D., Wyrwicka, W, and Bray, G. (Eds.), Hunger: 

Basic Mechanisms and Clinical Applications, Raven Press, New York. 

LEdbowitz, S.F. (1978). Paraventricular nucleus: a primary site 

mediating adrenergic stimulation of feeding and drinking. 

Pharmacology, Biochemistry and Behavior, ~' 163-175. 



87 

Leibowitz, S.F. (1980). Neurochemical systems of the hypothalamus: 

Control of feeding and drinking behavior and water-electrolyte 

excretion. In: Morgane, P.J., and Panksepp, J. (Eds.), Handbook of 

Hypothalamus. Marcel Dekker, Inc., New York. 

Leibowitz, S.F., Hammer, N.J., and Chang, K. (1981). Hypothalamic 

paraventricular nucleus lesions produce overeating and obesity in 

the rat. Physiology and Behavior, !L, 1031-1040. 

Liu, C.M., and Yin, T.H. (1974). Caloric compensation to gastric loads 

in rats with hypothalamic hyperphagia. Physiology and Behavior, !!, 

231-238. 

~~yer J. and Thomas, D.W. (1967). Regulation of food intake and 

obesity. Science, 156, 328-337. 

McHugh, P.R., Gibbs, J., Falasco, J.D., MOran, T., and Smith, G.P. 

(1975). Inhibitions of feeding examined in rhesus monkey with 

hypothalamic disconnexions. Brain, ~, 444-454. 

Miller, N.E., Bailey, C.J., and Stevenson, J.A.F. (1950). Decreased 

"hunger" but increased food intake resulting from hypothalamic 

lesions. Science, 112, 256-259. 

Montemurro, D.G., and Stevenson, J.A.F. (1957). Body compositions in 

hypothalamic obesity derived from estimations of body specific 

gravity and extra cellular fluid volume. Metabolism, ~' 161-18. 

Nicolaidis, s. (1969). Early systemic responses to orogastric 

stimulation in the regulation of food and water balance: functional 

and electrophysiological data. Annals of the New York Academy of 

Sciences, ~' 1176-1203. 



88 

Nicolaidis, s. (1977). Sensory-neuroendocrine reflex and their 

anticipatory and optimizing role on metabolism. In: o. Maller & J. 

Kare (Eds.), Chemical Sense and Metabolism. Academic Press, New 

York. 

Novin, D., Sanderson, T., and Gonzalez, M. (1979). Feeding after 

nutrient infusions: effects of hypothalamic lesions and vagotomy. 

Physiology and Behavior, 22, 107-113. 

Panksepp, J. (1971). Is satiety mediated by the ventromedial 

hypothalamus? Physiology and Behavior, L, 381-384. 

:Paxinos, G. (1973). Midbrain and motivated behavior. Journal of 

Comparative and Physiological Psychology, 85, 64-69. 

J?axinos, G., and Bindra, D. (1973). Hypothalamic and midbrain neural 

pathways involved in eating, drinking, irritability, aggression, and 

copulation in rats. Journal of Comparative and Physiological 

Psychology, ~' 1-14. 

Powley, T. 1. (1977). The ventromedial hypothalamic syndrome, satiety, 

and a cephalic phase hypothesis. Psychological Reviews, 84, 89-126. 

Powley, T.L., and Opsahl, C.A. (1974). Ventromedial hypothalamic 

obesity abolished by subdiaphragmatic vagotomy. American Journal of 

Physiology, 226, 25-53. 

Fowley, T.L., Opsahl, C.A., Cox, J.E., and Weingarten, H.P. (1980). The 

role of hypothalamus in energy homeostasis. In: Morgane, P.J. and 

Panksepp, J. (Eds.), Handbook of Hypothalamus. Marcel Dekker, Inc., 

New York. 



89 

Ridley, P.T., and Brooks, F.P. (1965). Alternations in gastric 

secretion following hypothalamic lesion producing hyperphagia. 

American Journal of Physiology, 209, 319-323. 

Rogers, R.C., and Kahrilas, P.J. (1984) Paraventricular nucleus 

control over dorsal vagal neurons and gastric acid secretion. 

Neuroscience Abstracts, 10, 831. 

Rohner, F., Dufour, c., Karakash, c., LeMarchand, Y., and Jeanrenaud, 

B. (1977). Lmmediate effect of lesion of the ventromedial 


hypothalamic area upon glucose induced insulin secretions in 


anesthetized rats. Diabetologia, l!' 239-242. 


Rowland, N., and Engle, D.J. (1978). Hypothalamic hyperphagia prevented 

by prior subdiaphragmatic vagotomy: insulin hyperphagia is 

unaffected. Physiology and Behavior, ~, 685-689. 

s.:~.wachenko, P.E., and Swanson, L.s. (1981). Central noradrenergic 

pathways for the integration of hypothalamic neuroendocrine and 

autonomic responses. Science, 214, 685-687. 

Sehoenfeld, T.A., and Hamilton, L.w. (1977). Secondary brain changes 

following lesions: a new paradigm for lesion experimentation. 

Physiology and Behavior, ~, 951-967. 

Sclafani, A., and Aravich, P.F. (1983). Macronutrient self-selection in 

three forms of hypothalamic obesity. American Journal of Physiology, 

244, R686-R694. 

Sclafani, 	A. and Grossman, S.P. (1969). Hyperphagia produced by knife 

cuts between the medial and lateral hypothalamus in the rats. 

Physiology and Behavior, i' 533-537. 



90 

Sclafani, A., Aravic:h, P.F. and Landman, M. (1981). Vagotomy blocks 

hypothalamic hypt!rphagia in rats on chow diet and sucrose solution, 

but not on a palatable mixed diet. Journal of Comparative and 

Physiological Ps;rchology, 95, 720-734. 

Sclafani, A., Kirchgessner, A.L. (1985). Private communication from 

Dr. A. Sclafani. 

Smith, M.H., Salisbury, R., and Weinberg, H. (1961). The reaction of 

hypothalamic-hyperphagic rats to stomach preloads. Journal of 

Comparative and Physiological Psychology, 54, 660-664. 

Stellar, E. (1954). The physiology of motivation. Psychological 

Reviews,~, 5-21. 

Stephens, D.N. (19€0). Does the Lee Index measure general obesity? 

Physiology and Behavior, 25, 313-315. 

Steves, J.P., and Lorden, J.F. (1982). Effects of lesions of the 

paraventricular nucleus of hypothalamus on plasma insulin levels in 

the rat. Neuroscience Abstracts, !, 904. 

Steves, J.P., and Lorden, J.F. (1984). Vagotomy abolishes obesity in 

rats with lesions of the paraventricular nucleus. Neuroscience 

Abstracts, 10, 652. 

Swanson, L.W., and Sawchenko, P.E. (1980). Paraventricular nucleus: A 

site for the integration of neuroendocrine autonomic mechanisms. 

Neurendocrinology, ~, 410-417. 

Swanson, P.E., and K.1yper, H.G.J.M. (1980). The paraventricular nucleus 

of the hypothalam.1s: cyctarchitectonic subdivisions and organization 

of projections to the pituitary, dorsal vagal complex, and spinal 

cord as demonstrated by retrograde fluorescence double-labelling 

methods. Journal of Comparative Neurology, 194, 555-570 

http:hypothalam.1s


91 

Teitelbaum, P. (1955). Sensory control of hypothalamic hyperphagia. 

Journal of Comparative and Physiological Psychology, 48, 156-163. 

Thomas, D.W., and Mayer, J. (1968). Meal taking and regulation of food 

intake by normal and hypothalamic hyperphagic rats. Journal of 

Comparative and Physiological Psychology, ~, 642-653. 

~eingarten, H.P., and Powley, T.L. (1980). Ventromedial hypothalamic 

lesions elevate basal and cephalic phase gastric acid output. 

American Journal of Physiology, 239, G221-G229. 

lJeingarten, H.P. (1982). Diet palatability modulates sham feeding in 

VMH-lesion and normal rats: implications for finickiness and 

evaluation of sham feeding data. Journal of Comparative and 

Physiological Psychology, ~, 223-233. 

~~ingarten H.P., and Watson, S.D. (1982). Sham feeding as a procedure 

for assessing the influence of diet palatability on food intake. 

Physiology and Behavior, 28, 401-407. 

west, D.B., Williams, R.H., Braget, D.J., and Woods, s. (1982). 

Bombesin reduces food intake of normal and hypothalamically obese 

rats and lowers body weight when given chronically. Peptides, 1, 

61-67. 


	book1
	book2
	book3
	book4
	book5
	book6
	book7
	book8



