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. . i. ) - Abstract

Both learning and basic biological mechanisms have been shown to play a role in the

control of protein int^e. It has previously been shown that rats can adapt their dietary

selection patterns successfully in the face of changing macronutrient requirements and

availability. In particular, it has been demonstrated that when access to dietary protein is

restricted for a period of time, rats selectively increase their consumption of a protein-

containing diet when it becomes available. Furthermore, it has been shown that animals

are able to associate various orosensory cues with a food's nutrient content. In addition

to the role that learning plays in food intake, there are also various biological mechanisms

that have been shown to be involved in the control of feeding behaviour. Numerous

studies have documented that various hormones and neurotransmitter substances mediate

food intake. One such hormone is growth hormone-releasing factor (GRF), a peptide that

induces the release ofgrowth hormone (GH) from the anterior pituitary gland. Recent

research by Vaccarino and Dickson ( 1 994) suggests that GRF may stimulate food intake

by acting as a neurotransmitter in the suprachiasmatic nucleus (SCN) and the adjacent

medial preoptic area (MPOA). In particular, when GRF is injected directly into the

SCN/MPOA, it has been shown to selectively enhance the intake of protein in both food-

deprived and sated rats. Thus, GRF may play a role in activating protein consumption

generally, and when animals have a need for protein, GRF may serve to trigger protein-

seeking behaviour. Although researchers have separately examined the role of learning

and the central mechanisms involved in the control of protein selection, no one has yet

attempted to bring together these two lines of study. Thus, the purpose of this study is to

join these two parallel lines of research in order to further our understanding of
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mechanisms controlling protein selection. In order to ascertain the combined effects that

GRF and learning have on protein intake several hypothesis were examined. One major

hypothesis was that rats would successfully alter their dietary selection patterns in

response to protein restriction. It was speculated that rats kept on a nutritionally

complete maintenance diet (NCMD) would consume equal amount of the intermittently

presented high protein conditioning diet (HPCD) and protein-free conditioning diet

(PFCD). However, it was hypothesized that rats kept on a protein-free maintenance diet

(PFMD) would selectively increase their intake of the HPCD. Another hypothesis was

that rats would learn to associate a distinct marker flavour with the nutritional content of

the diets. If an animal is able to make the association between a marker flavour and the

nutrient content of the food, then it is hypothesized that they will consume more of a

mixed diet (equal portion HPCD and PFCD) with the marker flavour that was previously

paired with the HPCD (Mixednp-f) when kept on the PFMD. In addition, it was

hypothesized that intracranial injection ofGRF into the SCN/MPOA would result in a

selective increase in HPCD as well as Mixednp-t consumption. Results demonstrated that

rats did in fact selectively increase their consumption of the flavoured HPCD and

Mixednp-f when kept on the NCMD. These findings indicate that the rats successfully

learned about the nutrient content of the conditioning diets and were able to associate a

distinct marker flavour with the nutrient content of the diets. However, the results failed

to support previous findings that GRF increases protein intake. In contrast, the

administration ofGRF significantly reduced consumption ofHPCD during the first hour

of testing as compared to the no injection condition. In addition, no differences in the

intake of the HPCD were found between the GRF and vehicle condition. Because GRF
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did not selectively increase HPCD consumption, it was not surprising that GRF also did

not increase MixedHP-rintake. What was interesting was that administration ofGRF and

vehicle did not reduc^Mixednp-fconsumption as it had decreased HPCD consumption.
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GRF and Protein 1

•' Introduction

In order for animals to survive in their environment they must obtain the energy and

nutrients needed for daily flinctioning. Failure to acquire adequate energy sources or

nutrients from their diet may lead to various health problems and even death (Campbell,

1996, pp. 10-11). Accordingly, animals must select foods from their environment in a

manner that allows them to obtain sufficient amounts of energy and required nutrients. In

addition to simply acquiring nutrients, animals must be able to obtain appropriate

quantities of these nutrients. Thus to survive, it is necessary for animals to be able to

distinguish among food items that contain the nutrients they require (Williams, 1990).

There are two major theories that attempt to account for animals' ability to obtain the

nutrients that they need from the diverse selection of foods in the environment. One

theory speculates that animals have an innate biological mechanism that allows them to

detect and select specific nutrients. According to this perspective, animals have a built-in

ability to recognize the particular aspects of food that they need (Richter, Holt, &

Barelare, 1938). Thus, this theory states that animals have an innate appetite for

particular food items that contain the needed nutrients, and this appetite allows them to

make appropriate dietary selections. For example, according to this perspective an

animal that is in need of protein would be able to select among foods that are presented to

it and would be able to specifically select a food that contains protein. Moreover, the

animal would demonstrate a selective preference for a protein-containing food even if it

had never encountered that food before.

In contrast, the second theory proposes that animals do not have an innate ability to

distinguish the nutrient content of food items, but rather that they learn about the nutrient
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content of food items by forming associations between their orosensory properties and

their postingestive nutritional consequences (Weingarten, 1990). According to this

learning perspective, when animals are deprived of a specific nutrient, such as protein,

they experience negative bodily sensations. When a food item that contains the needed

nutrient is consumed, the negative bodily sensations are diminished, and the animal

learns to associate consumption of the food item with the reduction of the negative

sensations. In addition to making this connection between a food item and its

postingestive consequences, this theory postulates that the animal learns to associate the

food's orosensory properties with its nutrient content. As a result, animals are able to use

a food's orosensory properties as an indicator that it contains specific nutrients (Baker &

Booth, 1989). For example, according to this theory, an animal that needs protein would

show a preference for a food item containing a flavour that was previously paired with

protein ingestion. Thus, according to this learning perspective animals learn to consume

foods that contain the nutrients they need by associating the orosensory properties of the

foods with the positive consequences of ingestion.

In addition to the role that learning plays in food intake, there are also various

biological mechanisms that have been shown to be involved in the control of feeding

behaviour. Numerous studies have documented that various hormones and

neurotransmitter substances mediate food intake. One such hormone is growth hormone-

releasing factor (GRF), a peptide that induces the release of growth hormone (GH) from

the anterior pituitary gland (Campbell, 1996, pp. 915). It is well established that GH is

important for the growth of bone and cartilage, and moreover that it is involved in the

storage and synthesis of protein. Since the recent isolation ofGRF peptides from the
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hypothalami of several species such as humans and rats, researchers have been able to

study its precise functions (Speiss, Rivier & Vale, 1983). It has been theorized that GRF

may act like other peptides in the brain as either a neurotransmitter or neuromodulator,

and thus GRF may have direct behavioural effects (Vaccarino, 1990). Recent research

suggests that GRF may stimulate food intake by acting as a neurotransmitter in the

suprachiasmatic nucleus (SCN) and the adjacent medial preoptic area (MPOA; Dickson

& Vaccarino, 1994). In particular, when GRF is injected directly into the SCN/MPOA, it

selectively enhances the intake of protein in both food-deprived and sated rats (Dickson

et al., 1994; Feifel & Vaccarino, 1990). Thus, GRF may play a role in activating protein

consumption generally, and when animals have a need for protein, GRF may serve to

trigger protein-seeking behaviour.

To date, a number of research studies have examined the respective roles of learning

and GRF in the control of protein intake. However, no research has yet examined the

relationship between learning factors and GRF in controlling protein intake.

Accordingly, the research presented here has two major goals. The first is to replicate

previous findings that have demonstrated that injections ofGRF into the SCN/MPOA

will cause rats to selectively increase their intake of a protein-rich diet. The second major

goal is to determine whether injection of GRF will cause an increased preference for a

flavour that has previously been associated with dietary protein.

The Role of Nutrition in Survival

In order for animals to thrive they must be able to compose a nutritionally well

balanced diet. Such a diet is composed of macronutrients such as carbohydrates, proteins

and fats as well as micronutrients such as exogenous vitamins, microelements, salts, and
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exogenous amino acids. A nutritious diet satisfies both a functional and structural

purpose. Functionally a well balanced diet provides animals with a basic energy supply

(ATP) that is used to piaintain essential functions like excitability (K\ Na", Ca^* balance)

and homeostasis (H2O level, heat production) and it also provides an extra energy store

(e.g. glycogen in the liver) for behavioural responses to environmental changes, and overt

motor activity. In addition, a nutritious diet provides the raw materials such as essential

nutrients that are used in biosynthesis. In particular, nutrients are used to synthesize

structural proteins that build cells and their structures and to manufacture regulatory

proteins that build and operate molecular machines and tools like enzymes (Campbell,

1996, pp. 810-813). Because protein plays such an important role in nutrition and

health, it is not surprising that animals have developed mechanisms that allow them to

control their protein intake.

Food as Fuel

There are six major classes of nutrients that are found in food: carbohydrates, fats,

proteins, minerals, vitamins, and water. However, only three of these nutrients -

carbohydrates, fats, and proteins - provide animals with energy (Friedman, 2000).

Although all three macronutrients can be used for energy, carbohydrates and fats

generally serve as the major fuel sources. It is only when these substances are in short

supply that the body uses protein as a major source of energy. When animals do not

acquire sufficient amount of calories from their diet they become undernourished.

Failure to obtain adequate calories can result in negative health consequences, starvation

and even death (Campbell, 1996, pp. 812). Consequently, animals must consume
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sufficient calories in the form of macronutrients in order to meet their body's energy

expenditure. '^^
. i

> .

Food for Biosynthesis. " * * - ^ ^

In addition to providing the body with energy, food is also used for biosynthesis.

Biosynthesis is a biochemical process by which living organisms assemble various

molecules in order to produce the chemical compounds that the body needs for proper

functioning (Barnhart, 1986). Although the body is capable of creating a wide variety of

molecules through biosynthesis, there are certain chemicals that an animal cannot

construct from the inorganic molecules that are found in the body. As a result, animals

must also obtain organic precursors from their diet in order to synthesize the other

molecules that they need to grow and replenish themselves. These organic precursors are

then rearranged into various organic molecules that the body requires (Campbell, 1996,

pp. 812-813). V ,,'1 - ^h- . ^xc .f;a: i i iv- y i ii i;

Essential Nutrients .c' • j •]
-.

m

.•
. .

The precursors that animals need to create various chemicals that their bodies

need must be obtained from their diet in the form of essential nutrients. There are four

types of essential nutrients: vitamins, minerals, essential fatty acids, and essential amino

acids (Campbell, 1996, pp. 812).

Vitamins are organic substances that are necessary for normal growth and

nourishment of the body (Barnhart, 1986, pp 717). Minerals on the other hand are

inorganic substances, such as salt, that are also found in nature. Some minerals are

important in bone and tooth formation, muscle activity, and iron metabolism (Campbell,
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1996, pp. 816-819). Fatty acids are organic acids some of which are found in animal and

vegetable fats and oils (Barnhart, 1986, pp. 215). . t

> In addition to Ihese essential nutrients, animals must consume dietary protein in

order to obtain essential amino acids. When an animal consumes protein it is broken

down into its constituent amino acids and the body uses those amino acids to construct

regulatory and structural proteins that it needs. Proteins are synthesized from 20 basic

amino acids, eight ofwhich are essential amino acids. Essential amino acids such as

tryptophan, methionine, valine, threonine, phenylalanine, leucine, isoleucine, and lysine

are amino acids that cannot be produced by the body and must therefore be obtained from

food. .. v

If an animal's diet is lacking one or more of these essential nutrients it is said to

be malnourished. Consequently, if an animal does not consume enough dietary protein

they may not receive all of the essential amino acids needed for proper functioning of the

body. Even if an animal's diet is lacking in a single amino acid, it is considered protein

deficient and this can lead to various health problems (Campbell, 1996, pp. 812-813).

The proteins that are consumed in an animal's diet are broken down into constituent

amino acid components, which are then reorganized into proteins that the body needs.

Thus, amino acids are the building block of proteins and are essential for the structure

and functioning of all cells (Barnhart, 1986).

The Storage of Nutrients in the Body

Because the consumption of nutrients is an important factor in maintaining good

health, it is not surprising that when an animal consumes more nutrients than it

immediately requires, the extra nutrients are stored. Storage of nutrients refers to
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maintaining an extra supply of these substances in specific cells or tissues and drawing

upon this supply when and if needed. The body has various mechanisms that permit the

storage of substantial quantities of both carbohydrates and fats. Specifically,

carbohydrates are stored as glycogen in the liver and muscle tissue and fats are stored as

triglycerides in adipose tissue (Campbell, 1996, pp. 81 1).

Although the body has mechanisms that enable it to store carbohydrates and fats, it

does not have a corresponding mechanism for storage of either amino acids or protein.

However, the body does have protein reserves in the muscles and liver, and when protein

is in short supply, the body can call on these reserves. Because there is no biological

mechanism for storing protein, any excess protein that is consumed which the body

cannot immediately use is broken down into its constituent amino acids. These unused

amino acids are then converted to other substances, such as glucose, that can be used to

provide fuel to satisfy the body's energy needs. Furthermore, the body is not only unable

to store protein, but it also loses a certain amount of protein each day during normal

metabolism. Because there are no specific cells or tissues that are distinctly specialized

for the task of storing protein and several amino acids cannot be synthesized in the body,

animals must consume protein in the diet on a regular basis. If a prolonged shortage of

dietary protein occurs, the body may be forced to break down its structural and regulatory

proteins for re-synthesis of other proteins or in order to obtain energy. Loss of these

proteins is disastrous because they are vital to the proper functioning of cells including

neurons and to the overall well-being of the organism (Williams, 1990).

In order to ensure that regulatory and structural proteins are not broken down to meet

the body's need for energy, the body functions in such a way as to spare its protein
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complement when there is a food shortage. If a food scarcity does occurs, the body first

draws primarily on its store ofglycogen as a source of energy, and as time passes, it

draws increasingly onjts store of triglycerides. It is only when both of these reserves are

in short supply that protein is used as a major source of energy (Campbell, 1996, pp. 812

- 8 13). It is because protein forms an integral part of the body's makeup that it is used as

a major source of energy only as a last resort.

^ ^ • Dietary Selection

Energy Need and Dietary Selection

'
. Various studies have shown that animals are able to meet their energy needs

under a variety of experimental conditions. For example, research has demonstrated that

rats are able to adjust their food intake when the energy density of their diet is altered.

Thus, when the energy density of the diet is experimentally lowered, rats compensate by

consuming more food (Sibbald, Bowland, Robblee, & Berg, 1957; Peterson &

Baumgardt, 1971). It has also been shown that rats are capable of adjusting their energy

intake in response to changes in temperature and activity level. For instance, rats

increase their overall energy intake when their activity level increases or when there is a

drop in temperature (Kennedy & Mitra, 1963; Hamilton, 1965).

Macronutrient Need and Dietarv Selection

: When rats are allowed to select among separate sources of protein, fat, and

carbohydrates, their total energy intake and the proportion of total energy derived from

each dietary source are adequate to maintain good health and a stable weight (Larue-

Achagiotis, Martin, Verger, Louis-Sylvester, 1992; Richter, 1943). Furthermore, studies

have also shown that rats can adapt their dietary selection patterns successflilly in the face
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of changing macronutrient requirements and availability (Booth, 1974; Anderson & Can,

1979; Leathwood & Ashley, 1983; Piquard, Scheaffer, & Haberey, 1978). For example,

animals have been shown to alter their diet when they are rendered diabetic. Richter and

colleagues (Richter & Schmidt, 1941; Richter, Schmidt, & Malone, 1945) discovered that

rats made diabetic by subtotal pancreatectomy adapted their intake to compensate for <

their inability to use carbohydrates. Prior to surgery, rats that were given separate

sources of the three macronutrients selected more carbohydrate and protein and less fat.

However as the disease progressed, diabetic animals altered their nutrient choice and

began to consume less carbohydrate and more fat and protein than intact control rats.

It has been well documented that rats can also make adjustments in nutrient intake

in response to challenges such as experimentally induced shortages in particular dietary

nutrients (Kanarek & Ho, 1984). For example, when access to dietary protein is

restricted for a period of time, rats selectively increase their consumption of a protein-

containing diet when it becomes available (DiBattista, 1991; Deutsch, Moore &

Heinrichs, 1989; Li & Anderson, 1982; Piquard, Shaefer & Habery, 1978). For instance,

DiBattista and Holder (1998) maintained animals on either a nutritionally complete or a

protein-free maintenance diet and gave them intermittent access to protein-rich and

carbohydrate-rich test diets. They found that when rats were maintained on the protein-

free diet, they gradually and selectively increased their intake of a protein-rich test diet.

However, when rats were maintained on a nutritionally complete diet, they consumed

similar amount of both the protein-rich and carbohydrate-rich test diets.
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Nutrient Selection and Energy Balance are Controlled bv Separate Mechanisms

Another interesting aspect of diet selection is that animals seem to regulate their

energy balance and macronutrient intake independently of each other. For example, it

has been found that rats' increased consumption of protein following protein restriction is

not simply the result of an energy deficit but is entirely caused by a need for the nutrient

(Johnson, Coscina, & Anderson, 1979; DiBattista & Holder, 1998). Thus, animals are

not only proficient at balancing their energy need, but they are also able to select foods

that supply them with the appropriate nutrients they need to maintain good health.

Because all three macronutrients are capable of providing energy, it has been theorized

that animals may select particular macronutrients because they relieve a particular deficit,

satisfy a specific need, or provide some unidentifiable benefit (Friedman, 2000).

» Theories Surrounding Nutrient Need and Food Selection

Two major theories have been proposed to account for animals' ability to compose a

nutritious diet even when having to select from a variety of different food items.

According to the first of these theories, animals have an innate recognition mechanism

that allows them to detect the nutrient content of a food item. The second theory

speculates that animals learn to form associations between the orosensory properties of

foods and the consequences of ingesting those foods.
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1

Innate Mechanism Theory of Nutrient Selection

One theoretical perspective proposes that animals possess a built-in mechanism that

permits them to immediately detect the presence of a needed nutrient in their food. This

perspective asserts that an animal has an innate, untrained ability to detect a nutrient

deficiency and furthermore that it has an innate ability to distinguish among nutrients by

virtue of their sensory properties, such as taste, odour, and texture. These abilities permit

a nutrient-deficient animal to directly sense the nutrient content of foods and to use this

information to adjust its consumption in an adaptive manner.

In order to ascertain that a specific appetite for a nutrient does exist, it must be shown

that the animal makes the appropriate nutrient choice without having had prior exposure

to the food, and furthermore that the appropriate choice is made immediately, without

time or opportunity for postingestive feedback to occur. These factors are important

because if animals have had previous exposure to a food item, then they may have

already learned about its nutrient content. Moreover, if animals are given sufficient time

to associate an ingested food item with its postingestive consequences then they may

have learned that the food item relieves a particular deficit. Therefore, if a nutrient is

selected because it relieved a prior deficit or need, then the sensory properties ofthe

nutrient may serve as a conditioned stimulus rather than as a specific identifier of the

nutrient (Friedman, 2000).

Richter, Holt, and Barelare (1938) were the first to observe that rats were able to

compose a well-balanced diet when they were allowed to select among various pure

nutrients. In Richter's studies of diet selection, rats were able to compose a nutritious

diet when given access to 17 purified dietary components. Richter interpreted this
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finding as a confirmation that animals have a specific appetite for each nutrient. As a

result of this finding, Richter proposed that animals possessed exteroceptors that they use

in the identification, acquisition, and ingestion of nutrients that they need to maintain or

restore homeostasis. In a series of studies conducted in the 1930's and 1940's, Richter

demonstrated that rats will alter their patterns of food selection so as to remedy any

disturbance to internal homeostasis that they experience. These findings also led Richter

to conclude that animals possess interoceptors that allow them to identify deficiencies in

the nutrients needed for proper health. In addition, Richter concluded that animals have

exteroceptors that allow them to identify nutrients, and specific appetites that cause them

to seek out and ingest appropriate substances when interoceptors detect deficiencies

(Bennett & Galef, 2000).

Research by Deutsch, Moore, and Heinrich (1989) supported the notion that

animals have an unlearned specific appetite for protein. In their experiments, Deutsch et

al (1989) compared the intake of male and female rats that were either protein-replete or

protein-deprived. In these studies, they found that both male and female protein-deprived

rats consumed significantly larger portions of soybean, gluten, zein, fibrin, yeast torula,

and ovalbumin than did their protein-replete counterparts. In addition, this preference for

the protein containing foods was apparent during the first minutes of the feeding test and

thus could not have been the result of postingestive feedback. Furthermore, the foods

used were novel so the rats did not have the opportunity to learn such a dietary preference

before the test.

Although Richter and Deutsch' s studies were consistent with the interpretation

that specific appetites exist, various studies have cast doubt on Richter's conclusions.
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For instance, Kon (193 1) reported that rats given access to various nutrients separately

did not thrive as well as when the substances were offered in a single composite mixture.

In addition, a number of experiments have found that animals do not select an appropriate

diet when complex natural foods are used and or when the protein used is unpalatable

(Galef, 1991). Thus, these findings demonstrate that under certain experimental

circumstances animals do not select adequate amounts of protein when they must

compose their own diet from separate sources of nutrients.

Furthermore, many studies looking at unlearned specific appetite for a nutrient

have often been confounded because of the diet's orosensory properties. It has been

speculated that animals may use the orosensory characteristics of a food item as a marker

for the nutrient content of the food (Booth «fe Baker, 1990; Holder & Heuther, 1990;

Peters & Harper, 1987). Thus, the oral-sensory cues that characterize a food item may

have been previously learnt by the animals, and they may be using these learnt cues to

make their diet selection. Consequently, animals may actually be relying on previously

learnt cues rather than on innate mechanisms to distinguish among food items.

In fact research has shown that when oral-sensory cues are eliminated animals cannot

select appropriate amounts of each nutrient (Galef, 1991). Therefore, the results of these

studies indicate that nutrient selection may rely on the oral-sensory cues of the food

rather than an unlearned specific appetite that has evolved over time to regulate nutrient

intake directly.

Learning Theorv of Nutrient Selection

Findings such as those referred to in the previous section led to the theory that rats

have the ability to learn about food items by attending to the consequences of their
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ingestion (Capaldi, 1996; Sclafani, 1990). It is believed that nutrient-specific dietary

selection behaviour is dependent on learning dietary cues that predict a food's nutrient

content. It is hypothesized that these cues are established by associating the sensory

characteristics of a food item with its post-ingestive consequences (Booth, 1974; Booth,

& Simson, 1971; Simson & Booth, 1973).

It is believed that when an animal is lacking a specific nutrient, the animal

experiences negative bodily sensations as a result of the nutrient deficiency. When the

animal eventually gets the opportunity to eat a food item that contains the needed

nutrient, ingestion of the food is followed by a reduction in the negative bodily

sensations, and the animal develops a preference for that food item (Galef, 1991).

As mentioned earlier, adaptive changes in macronutrient selection patterns have

been observed in animals with experimentally-induced diabetes mellitus (Kanarek & Ho,

1984; Bartness & Rowland, 1983; Booth, 1974; Vartiainen & Bastman-Heiskanen, 1950).

It has been hypothesized that diabetic animals on a self-selection regimen may initially

consume more carbohydrates in response to decreased cellular glucose availability.

However, this initial increase in carbohydrate consumption may intensify the symptoms

of diabetes. It is believed that carbohydrate intake becomes associated with illness and as

a result, diabetic animals learn to prefer foods such as fats and protein that are associated

with recovery from illness (Garcia, Hankins, & Rusiniak, 1974; Rozin & Kalat, 1971;

Zahorik, 1972). Furthermore, the diets ultimately composed by diabetic animals given

self-selection regimes are generally similar to those diets reported to be effective in

alleviating both short and long-term complications of experimental diabetes (Baxter &

Schofield, 1980; Friedman, 1978; Hutton, Schofield, William, Regtop, & Hollows, 1976;
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Patterson, Patterson, Kinsey, & Reddy, 1965; Schmidt, Seigel, & Trapp, 1980). These

findings suggest that diabetic animals learn to adjust their nutrient intake in response to

metabolic need and post consumption effects.

Associative Learning

It has also been shown that animals develop a preference for flavours that are

associated with a food item that contains a needed nutrient (Capaldi, 1996; Sclafani,

1990). For instance. Booth (1974) found that learning plays a key role in the selection

patterns of diabetic animals. In order to establish that acquired preferences play a role in

the protein appetite of diabetic rats, Booth paired a distinct odor with each macronutrient.

When these diabetic animals were later allowed to select among three nutritionally

identical diets with distinct odors, they consumed significantly more of the diets whose

odor had been previously paired with protein and fat than the diet with the odor that had

been previously paired with carbohydrate.

It has also been shown that an acquired appetite for a nutrient is dependent on a

nutrient-specific need state. In other words, an animal must be deprived of a nutrient,

experience negative bodily sensation, and have them alleviated by consumption of the

needed nutrient in order to learn the association between the food item and its nutrient

content. Gibson and Booth (1986) were the first to demonstrate that an acquired protein

appetite and a preference for protein-predictive cues depend on protein need. In their

experiment, mildly (4-hr) food deprived rats and sated rats were given successive access

to a protein-containing meal and a protein-free meal. They found the food-deprived rats

consumed significantly more of the protein-containing meal in comparison to the protein-

free meal. In addition, the food-deprived rats developed a preference for an odor that was
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paired with the protein-containing meal. In contrast, no differences in intake between the

protein-containing and protein-free meal was found for the sated rats. Furthermore, the

sated rats did not develop a preference for the odor that was previously associated with
«

the protein-containing meal.

. ...These findings demonstrate that a protein need state is necessary in order to bring

about an acquired protein appetite and a conditioned odor preference. It is hypothesized

that an animal's ability to learn about the nutrient content of a food item is the result of

the animal associating the reduction in negative bodily sensations with the intake of a

particular nutrient. As a result, it is believed that an animal must learn about the

postingestive nutritional consequences of consuming a food item in order for an acquired

appetite to be developed and for a conditioned preference for an odor to occur.

In addition to developing a preference for the odor of a diet paired with a particular

nutrient, rats also develop preferences for different textures that are associated with a

needed nutrient. It has been shown that the preferences for these texture cues are also

dependent on nutrient need. Thus, animals learn to associate the texture of a diet with its

postingestive nutritional consequences (Baker & Booth, 1989; Baker, Booth, Duggan &

Gibson 1987; Booth & Baker, 1990; Gibson & Booth, 1986).

Not only will animals associate a particular food item with its nutrient content, but

they will also associate the nutrient content of a food item with its orosensory properties.

Once this association is made, animals generalize this relationship to other food items

that have similar orosensory properties. Thus, animals will consume different food items

with similar orosensory properties when they are in need of that nutrient.
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DiBattista and Mercier (1999) examined whether protein restricted hamsters were

able to discriminate between intermittently presented protein-rich and carbohydrate-rich

conditioning diets by associating the orosensory properties of the intermittently presented

conditioning diets (i.e., their flavours) with the consequences of their ingestion. In this

experiment, hamsters were maintained for several weeks on either a nutritionally

complete or a protein-deficient maintenance diet, and they were given intermittent access

to the conditioning diets to which different marker flavours (anise and clove) had been

added. After the initial conditioning phase, a series of 30-min preference tests were

conducted in which hamsters were allowed to choose between two diets that differed in

nutritive content, marker flavour, or both. It was found that hamsters maintained on a

protein-free diet demonstrated a significant and selective increase in their consumption of

the intermittently presented protein-rich diet. In contrast, hamsters maintained on the

nutritionally complete maintenance diet consumed similar amounts of both conditioning

- diets. These results indicate that hamsters are able to selectively increase their

consumption of a protein-rich diet in response to dietary protein shortage. In addition, it

was also demonstrated that protein-restricted hamsters learn to discriminate between

intermittently presented protein-rich and carbohydrate-rich diets by associating the

orosensory properties (i.e., their flavour) with the consequence of their ingestion. When

presented with two nutritionally identical diets that carried opposite marker flavours, the

hamsters maintained on the protein-deficient diet showed a significantly greater

preference for the diet containing the flavour previously associated with the high-protein

conditioning diet than did hamsters kept on the nutritionally complete maintenance diet.
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These results suggest that the hamsters learned an association between a marker flavour

and the nutrient content of the food. •, .*

"

- - -.

..^Therefore, it is clear from this line of research that associative learning plays a key

role in the control of food intake and food selection and that various cues may be

involved. Furthermore, the selection of these cues also depends on the need for a specific

nutrient.
,
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,, i Growth Hormone-Releasing Factor and Growth Hormone Release

Growth hormone releasing factor (GRF) is a 44-amino-acid hypothalamic peptide

that is believed to be involved in the control of food intake in general and protein ,

consumption in particular. In addition to its role in the control of food intake, GRF has

also been shown to stimulate the release of growth hormone (GH) via its effects on the

anterior lobe of the pituitary gland (Dickson & Vaccarino, 1990). Many of the neurons

that use GRF as their transmitter substance have their cell bodies located in the arcuate

nucleus of the hypothalamus, and the majority of their fibers extend into the median

eminence of the hypothalamus (Sawchenko, Swanson, Rivier, & Vale, 1985).

It is by means of the terminals in the median eminence that the GRF stimulates

the release ofGH from cells in the anterior lobe of the pituitary gland (Plotsky & Vale,

1985). GH that is released from cells in the anterior pituitary lobe into the blood stream

is involved in the growth of bone and cartilage and in the storage and synthesis of

proteins (Vaccarino, Feifel, Rivier, Vale, & Koob, 1986).
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GRF and Food Intake « ? ^;^ - .•'• -n. .e -. •

In addition to stimulating the release of GH, GRF has also been shown to have a

direct influence on behaviour (Vaccarino, Bloom, Rivier, Vale, & Koob, 1985). More

specifically, exogenously administered GRF has been shown to increase food intake

(Vaccarino & Taube, 1997). Vaccarino and his colleagues (1985) were the first to

demonstrate that centrally administered GRF has a stimulatory effect on the feeding

behaviour of rats. Both deprived and non-deprived rats were found to increase their

intake of solid food by up to 75% over a four-hour period when given an

intracerebroventricular (icv) injection of 0.2 - 40.0 picomoles ofGRF (Vaccarino, 1990).

Vaccarino ( 1 990) also tested the effectiveness of icv administration ofGRF in

doses ranging from 0.4 picomoles to 4.0 nanomoles and found that GRF was most

effective at the 4.0-picomole dose. However, at 40.0 and 100.0 picomole doses GRF was

less effective and at 1 and 4 nanomole doses, GRF was found to be either ineffective or

have suppressive effects on feeding. This study reveals a dose-response curve that

indicates that the effects ofGRF on feeding are most pronounced in doses ranging from

0.2 to 40.0 picomoles, while suppressive effects are associated with nanomole doses.

Furthermore, it has been demonstrated that the facilitatory effects that GRF has on

feeding are not specific to rats. Riviere and Bueno (1987) demonstrated that icv ^

administration ofGRF also increased the food intake of sheep. Using a range of doses

comparable to those of Dickson and Vaccarino (1994), these researchers demonstrated

significant short-term increases in food intake.

Initially it was speculated that GRF's effect on feeding behaviour might be

mediated via the release ofGH into the periphery (\'accarino & Hayward, 1988).
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However, several lines of research have shown that GRF acts directly within the brain to

stimulate food intake, and that the enhancement of food consumption is independent of

peripheral GH release (Feifel & Vaccarino, 1990). For instance, neither peripheral nor

central administration ofGH has an effect on food intake. Furthermore, research has also

demonstrated that peripheral GRF administration does not enhance food intake

(Vaccarino et al., 1988). This outcome suggests that GRF cannot penetrate the blood-

brain barrier and that GRF is unlikely to induce an increase in feeding behaviour through

peripheral mechanisms (Vaccarino, 1990). In addition, the increases in food intake

following GRF administration have been shown to occur even with doses that did not

stimulate GH release (Vaccarino & Taube, 1997). Thus this finding further substantiates

the notion that the influence of GRF on feeding behaviour is centrally mediated.

Moreover, these results suggest that GRF's central effects are independent of its role as a

releasing factor for growth hormone (Vaccarino, Sovran, Baird, & Ralph, 1995).

Although centrally administered GRF enhances food intake, central

administration of structurally related but inactive peptides does not do so. This discovery

indicates that the facilitatory effect of GRF on feeding is not due to a non-specific

consequence of central peptide administration (Vaccarino & Hayward, 1988).

Furthermore, central administration ofGRF does not alter water intake nor does it affect

general locomotor activity, findings which imply that the action of centrally administered

GRF is behaviourally specific (Feifel & Vaccarino, 1990).

Central Site of Action for GRF-Induced Feeding

Immunohistochemical studies by Sawchenko and colleagues (1985) have revealed

that the GRF neurons have projections to numerous hypothalamic sites including the
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median eminence (see figure 1 ). It has been speculated that these other areas may be the

sites of action for GRF's facilitatory effect on feeding. Vaccarino (1990) attempted to

localize the site of action of GRF's effects on feeding by injecting GRF into various

hypothalamic regions that are known to contain GRF terminals. His findings indicated

that the border between the suprachiasmatic nucleus (SCN) and the medial preoptic area

(MPOA) is the most responsive site for the feeding-enhancing effect ofGRF

administration. This finding is consistent with immunohistochemical studies that have

shown that these areas contain GRF terminals (Vaccarino & Hayward, 1988).

Vaccarino (1990) found that injections of GRF into the SCN/MPOA in doses of

0.01, 0.1, and 1.0 picomole were effective at significantly increasing food intake. It was

also found that the greatest increase in food intake following GRF administration in

SCN/MPOA was observed at the 1.0 picomole dose, although doses as low as 0.01

picomole were also effective. Although the administration of small amounts ofGRF into

the SCN/MPOA significantly increases food intake (Dickson & Vaccarino, 1990;

Vaccarino & Hayward, 1988), higher doses have been shown to attenuate feeding (Imaki,

Shibasaki, Hotta, Masuda, Demure, Shizume, & Ling, 1985; Vaccarino et al., 1985).

Thus, the effect of GRF on food intake is dose-dependent.

Behavioural Description of GRF-lnduced Feeding

In addition to increasing food consumption, microinjection of GRF into the

SCN/MPOA also changes meal structure, and the nature of the change varies as a

function of dose. When rats are given moderately effective doses of GRF (0.01 and 0.

1

picomole) into the SCN/MPOA, the resulting increased food intake is associated with an

increase in the length of time spent eating a meal. However, when the animals are given
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the most effective dosage (1.0 picomole), there is no difference in meal duration. Instead,

the enhancement in eating is attributable to an increased rate of feeding. Based on these

findings, it appears that the behavioural features of GRF-induced feeding differ as a

function of dose effectiveness. Although meal duration and rate of feeding may be

affected by GRF injections, latency to meal onset is not, indicating that GRF-induced

feeding is related to meal maintenance rather than meal initiation (Vaccarino, 1990).

It has been theorized that the GRF-induced increase in food intake reflects an

increased motivational state (Vaccarino, 1990). In order to establish whether GRF does

in fact increase the drive to eat, Feifel and Vaccarino (1990) injected GRF into the

SCN/MPOA of rats and examined the effects of this treatment on operant responding for

food reinforcement. They found that doses of 0.4, 4.0, & 40.0 picomoles ofGRF

significantly increased operant responding in a continuous reinforcement task. This

experiment demonstrated that the three doses of GRF cause rats to increase their rate of

responding above baseline levels by 37, 44, and 48% respectively.

Feifel and Vaccarino (1990) also examined the effects of icv administration on

operant responding under a progressive ratio schedule. They found that GRF

administration did not affect either the rate of bar pressing or the latency to bar press, but

GRF-treated animals exerted 65% more effort in order to obtain an equivalent food

reinforcer. In addition, food pellets were always consumed as they were earned instead

of being accumulated while the animal continued to respond. The willingness to endure

increased response demands to obtain food indicates that GRF may be increasing the

reward value of the food (Feifel and Vaccarino, 1990).
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These results imply that the administration ofGRF into the SCN/MPOA does not

merely stimulate motor outputs required for feeding behaviour, but rather actually

enhances the motivation to obtain food (Vaccarino, 1990). In conclusion, the central

administration ofGRF is believed to affect feeding-specific motivation rather than simply

causing non-specific behavioural arousal (Feifel & Vaccarino, 1990).
'

The Mechanism by Which GRF Exerts its Motivational Effects

At present, the exact mechanism by which GRF exerts its motivational effects is

not known. However, it has been speculated that GRF's ability to increase the

reinforcing properties of food may be mediated by endogenous opiates. Evidence for this

proposal stems from the fact that opiates have been implicated in both neural reward

mechanisms and feeding systems. Moreover, pre-treatment with an opiate antagonist

such as naloxone has been shown to attenuate GRF-induced feeding (Vaccarino &

Buckenham, 1987). In light of these findings, it is reasonable to hypothesize that the

feeding facilitatory effects ofGRF are in fact mediated by endogenous opiates.

The paraventricular nucleus of the hypothalamus (PVN) is one brain area that is

thought to be involved in mediating the opiate-dependent effects of GRF-induced

feeding. One reason that the PVN has been implicated in this process is that is has

anatomical connections with the SCN and MPOA (Silerman, Hoffman, & Zimmerman,

1981; Simerly & Swanson, 1986; Simerly & Swanson, 1988; Swanson, Sawchenko,

Wiegand, & Price, 1980; Watts, Swanson, & Sanchez-Watts, 1987). In addition, it has

been documented that the PVN is involved in feeding behaviours that are mediated by

other neurotransmitters such as norepinephrine, galanin, neuropeptide Y, and serotonin

(Leibowitz & Hor, 1982; Leibowitz, Weiss, Walsh, & Viswanath, 1989; Stanley, Chine,
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& Leibowitz, 1985; Tempel, Leibowitz, & Leibowitz, 1988). Furthermore,

microinjections of opiates such as morphine into the PVN have been shown to stimulate

feeding (Gosnell, Morley, & Levine, 1 986). Based on this evidence, it is currently

hypothesized that the PVN contains opiate receptors that play a role in the expression of

GRF-induced feeding (Dickson & Vaccarino, 1994). -

1

Macronutrient-Selective Effects ofGRF i .
•:

Previous studies have found that various neurochemicals involved in the control

of food intake have differential effects on macronutrient intake. For instance, centrally

administered norepinephrine has been shown to increase carbohydrate consumption while

having no influence on fat or protein intake (Leibowitz, 1980). Because of the exclusive

function of other neurochemicals it was speculated that GRF might also selectively affect

macronutrient ingestion (Feifel & Vaccarino, 1994). ?

r . . In order to determine whether GRF's effects are macronutrient selective, a 1 .0

picomole dose ofGRF was administered into the SCN/MPOA of rats that were

habituated to eating their daily fat, protein and carbohydrate intake from separate feeding

cups. During the four-hour feeding test, all three cups were available. Results indicated

that administration ofGRF significantly increased intake of protein, but fat and

carbohydrate consumption were not affected (Feifel & Vaccarino, 1 994). Thus, in

addition to increasing overall food intake, GRF administration selectively increases

protein consumption.

I' Similar results were also found by Dickson and Vaccarino (1994) using two-and

three-choice macronutrient paradigms. In the two-choice macronutrient paradigm the

rats were given a 1 .0-picomole injection ofGRF into the SCN/MPOA and allowed to
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select between isocaloric protein-fat and carbohydrate-fat diets. GRF administration led

to a specific increase in protein intake at 2 and 4 h postinjection. However, GRF did not

enhance carbohydrate intake; rather, there was selective reduction in carbohydrate intake

during the first hour. Comparable results using similar doses ofGRF were found using a

three-choice macronutrient paradigm. In this experiment, GRF was found to selectively

increase protein intake during the first 2 h, while no differences were found for the intake

of either fat or carbohydrate. Thus, these studies demonstrate that injection ofGRF into

the SCN/MPOA selectively stimulates protein intake. .

' ', i

I . PVN Involvement in Macronutrient Selection

Many neurochemicals that act centrally in the PVN to affect feeding behaviour

have also been found to have specific effects on macronutrient selection. For instance,

microinjections of norepinephrine, galanin, and neuropeptide Y into the PVN increase

food intake by selectively increasing carbohydrate consumption (Leibowitz, Brown,

Tretter, & Kirschgessner, 1985; Leibowitz, Weiss, Yee, & Tretter, 1985; Tempel,

Leibowitz, & Leibowitz, 1988; Stanley, Daniel, Chin, & Leibowitz, 1985). Moreover,

administration of serotonin into the PVN has been shown to selectively decrease

carbohydrate intake while not affecting the consumption of either protein or fat

(Leibowitz, Weiss, Walsh, & Viswanath, 1989). Studies by Shor-Posner and colleagues

(1985) have also demonstrated that electrolytic lesioning of the PVN and experimental

manipulations of neurotransmitters such as norepinephrine, galanin, and neuropeptide Y

in the area of the PVN affect macronutrient selection patterns.

As a result of the PVN's established association with macronutrient selection and

its clearly established anatomical connections to the SCN/MPOA, it has been
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hypothesized that GRF-induced feeding may also be dependent on opiate activity in the

PVN. If the selective increase in protein intake which results from GRF's administration

is mediated by the PVN, then opiate injections into the PVN should increase protein

consumption and blockade of opiates in the PVN should abolish GRF induced feeding

(Dickson & Vaccarino, 1994). - :

In order to determine if the effects ofGRF administration are dependent on opiate

activity in the PVN, Dickson and Vaccarino (1994) did a series of experiments to

determine if microinjections of 1 pmol ofGRF into the SCN/MPOA affected PVN-

mediated macronutrient choices. They found that microinjections ofGRF lead to a

selective increase in protein consumption at 2 and 4hr post injection. Moreover, their

results showed that there was a selective reduction in carbohydrate intake and no change

in fat ingestion. Furthermore, Dickson and Vaccarino (1994) discovered that the feeding

induced by GRF was abolished by opioid blockade in the PVN. Specifically, it was

shown that when the opiate antagonist naloxone was injected simultaneously into the

PVN, the selective increase in protein intake that typically follows GRF administration

did not occur. Thus, the findings support the notion that the influence of centrally

administered GRF on protein intake is mediated by opiate activity in the PVN.

Further evidence for the involvement of the PVN in mediating GRF-induced

feeding comes from experiments in which injections of opiate agonists into the PVN have

been shown to stimulate food intake. One report by Dickson and Vaccarino (1994)

demonstrated that centrally administered morphine preferentially increased protein intake

in non-deprived rats. Furthermore, injection of morphine into the PVN has been found to

selectively stimulate protein intake while having no effect on carbohydrate consumption.
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It has also been show that electrolytic lesion to the PVN significantly reduces this effect

on food intake (Shor-Posner, Azar, Insinga, Leibowitz, 1985). •

-

Thus, the available evidence indicates that centrally administered GRF increases

overall food intake by enhancing the motivation to eat. Moreover, it selectively increases

protein intake, and this protein selectivity appears to be the result ofGRF activity in the

SCN/MPOA. Studies using opiate agonists and antagonists indicate that the PVN is

involved in mediating GRF-induced feeding behaviour (Dickson & Vaccarino, 1994).

Phase-Dependent Differences in the Feeding Effects ofGRF

It is well established that rats display a circadian pattern of feeding. Up to 80% of

their daily food intake typically occurs during the dark phase of the light-dark cycle

(Rosenwasser, Boulous, & Terman, 1979). During dark phase, rats consume the majority

of their total daily intake at dark onset, mid-dark, and just before dark offset. Under

normal circumstances, rats show a sharp drop in feeding at light onset (Rosenwasser,

Boulous, & Terman, 1981). Interestingly, intake of the three macronutrients also follows

a circadian pattern. For instance, during the first meal after dark, animals eat

significantly more carbohydrate than fat or protein. However during their second meal,

significantly more protein is consumed (Tempel, Shor-Posner, Dwyer, & Leibowitz,

1989). These circadian patterns of feeding have raised questions about whether GRF-

induced feeding is also phase sensitive (Dickson & Vaccarino, 1994). • '
! •

-'

The SCN is considered to be the body's master clock, and it is believed to be

responsible for generation of all circadian rhythms (Ralph, Foster, Davis, & Menaker,

1990). Because the SCN appears to be the involved in both GRF-induced feeding and
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circadian rhythms, it is perhaps not surprising that GRF-induced protein intake also

follows a circadian pattern (Dickson & Vaccarino, 1994). t - -

In contrast to GRF's stimulatory effects on food intake during the light phase, ^

administration ofGRF into the SCN/MPOA during the dark phase has been shown to

have either no effect or an inhibitory effect on food intake, even at the most effective

dose of 4 pmol (Feifel & Vaccarino, 1989). One possible explanation that may account

for differences found between GRF-induced feeding in the light and dark phases of the

daily cycles is that the body possesses a natural circadian oscillator. Thus, during the

light phase endogenous GRF levels may be relatively low because rats are typically

asleep and consequently would have relatively little need for protein. As a result,

exogenous administration of GRF during the light phase could potentially raise internal

GRF levels into a range that would cause the animal to increase its intake of protein.

However, during the dark phase baseline levels of endogenous GRF may normally be

elevated in order to facilitate optimal protein consumption. Thus, even low doses of

exogenous GRF during the dark phase might act to push internal levels beyond the

optimal range, resuhing in suppressed food intake (Vaccarino, 1990). Consistent with

this hypothesis are findings that higher doses ofGRF must be administered to produce

inhibition of feeding during the light phase than during the dark phase. Interestingly,

similar phase specificity has also been demonstrated in other neurotransmitters involved

in feeding (Feifel & Vaccarino, 1989). Thus, it appears that GRF may be acting in the

SCN to contribute to the timing of food intake, or more particularly, to the timing of

protein intake (Dickson & Vaccarino, 1994).
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The Combined Role of Learning and GRF in Protein Intake

i This review has demonstrated that learning plays a key role in the selection of

protein. In order to survive, animals must be able to select appropriate nutrients from a

complex food environment. To accomplish this, animals learn to make proper dietary

selections that allow them to satisfy their nutritional and energy needs. It has been shown

that animals can acquire a learned preference for protein by forming associations between

the orosensory properties of a food and the consequences of its ingestion. Furthermore,

animals are able to associate the various orosensory cues such as flavour and texture with

the protein content of the food. Thus, animals can learn to use a food's orosensory cues

as an indicator that it contains protein.

In addition, it is now well established that administration ofGRF into the

SCN/MPOA selectively stimulates protein intake in rats. Furthermore, the inclination to

favour protein following GRF administration is not believed to be mediated by the

indirect influence of growth hormone. Instead, GRF appears to act centrally, like a

neurotransmitter, in the SCN and MPOA, and its behavioural effect seems to be

dependent on opiate function in the PVN. In addition to increasing protein intake, GRF

has also been shown to change meal patterns as well as enhance the motivation to obtain

food. Furthermore, GRF-induced feeding is related to the light-dark cycle, with

inhibition of protein consumption occurring during the night period and enhancement of

protein intake taking place during the day. These distinctive functional properties of

GRF are believed to be part of a feedback system that allows organisms to adapt quickly

to local changes in food availability.
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Consequently, these findings suggest that both learning and central appetite

mechanisms are important factors involved in protein selection. Although both learning

and GRF have been shown to be involved in protein intake, research has yet to examine

the combined influences of these two key factors. Accordingly, the experiments

presented here attempt to bring together these two parallel lines of research.

Experiment 1 ,.

Overview 'he ^.. \;.v- :rj |a-r^-ni .is v\ :'... :r;i. :•.<.:•;:.:,..':,=_:.,> ,!:r^-.
• >'-'>.:

This experiment had two major goals. The first goal was to replicate previous

studies that have shown that intracranial administration ofGRF into the SCN/MPOA

causes a selective increase in protein intake in rats. The second goal was to determine

whether the injection ofGRF into the SCN/ MPOA also causes an increased preference

for a marker flavour that has been previously associated with a high-protein diet. ;

There were three phases in the experiment: diet pre-exposure, surgery, and

testing. The pre-exposure process of Phase 1 allowed the rats to gain experience with a

high-protein conditioning diet (HPCD) and a protein-free conditioning diet (PFCD) that

would later be used during Phase 3. During Phase 1, rats had continuous access to a

nutritionally complete diet of standard rodent chow. In addition, the rats were also given

separate 24-hr access to 5g/day of both a HPCD and a PFCD for a period of 10 days.

Only one conditioning diet was given at a time and the diets were presented on alternate

days. During this portion of the pre-exposure phase the rats consumed a total of 25

grams of each conditioning diet. uw*-
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1

Each conditioning diet also had a distinctive marker flavour added to it. The

marker flavours were added in order to estabhsh that the rats would make an association

between a marker flavour and the nutrient content of a particular food item.

During days 11-14 of Phase 1, the same basic procedure was followed. Over

this four-day period, the conditioning diets were presented for 3 hr/day from 1 100 - 1400

h and intake was again recorded. This pre-exposure period allowed the rats to become

familiar with the 3-hr exposure period as well as the testing environment that was to be

used later on during Phase 3. During these four daily 3-hr exposure periods, the rats' did

not have access to their regular Purina Chow diet.

Previous research by DiBattista and Holder (1998) showed that when rats were

maintained on a protein-free maintenance diet and then allowed daily 2-h exposure to

similar conditioning diets, they selectively increased their consumption of the HPCD on

the second day of testing. Thus, these findings indicate that only a small amount of

exposure to these conditioning diets is sufficient for rats to distinguish between the

nutrient compositions of the diets and to selectively increase their intake of the HPCD

when in a protein-need state.

During Phase 2 of the experiment bilateral stainless steel guide cannulae were

implanted in the SCN/MPOA so that either GRF or a vehicle solution could later be

administered. Once the rats recovered from surgery. Phase 3 of the experiment began.

Testing involved giving all of the subjects four unilateral injections into each cannula

over a period of sixteen days. Two GRF and two vehicle injections were administered to

each side of the brain.
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Following each injection of 1.0 picomole of GRF, rats were placed individually

into testing cages for three hours and were given free access to two food dishes, is

Vaccarino (1990) has previously shown that this dose ofGRF is the most effective dose

for stimulating protein intake. In half the tests, rats were given access to the flavoured

conditioning diets that they had previously been exposed to during Phase 1 . Based on the

research by Vaccarino and colleagues, it was hypothesized that intracranial

administration ofGRF would lead to a selective increase in the intake of the flavoured

HPCD. In the remaining four tests, both food dishes contained a mixed diet that

consisted of equal portions of the unflavoured conditioning diets. The mixed diet in one

dish carried the marker flavour previously associated with the HPCD (Mixednp-f diet),

and the mixed diet in the other dish carried the marker flavour previously associated with

the PFCD (MixedpF-t diet). If rats learned during Phase 1 to associate the nutrient

composition of a conditioning diet with its marker flavour, then rats injected with GRF

should consume more of the Mixednp-f diet. That is, they should consume more of the

mixed diet with the flavour that was previously paired with the HPCD, despite the fact

that the two diets presented to them would now be nutritionally identical.

'

Method '..-.

Subjects

Subjects were 16 male Wistar albino rats obtained from Charles River Canada (St.

Constant, Quebec, Canada) and weighing 205 - 245 g at the start of the experiment. All

rats were housed separately in clear hanging polycarbonate cages (45 x 23 x 21 cm).

During feeding tests the rats were placed in individual hanging wire cages (43 x 25 x 18).

Rats were housed in a room with controlled temperature (21 - 23° C) and humidity
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conditions and a 12: 12-hr light-dark cycle (lights on at 0700). Except during the tests of

Phase 3, rats had ad libitum access to standard Purina Rodent Chow (No. 5001, Ralston-

Purina, St. Louis, MO). Rats always had access to tap water. *^

All experimental procedures involving the use of rats were approved by the Brock

University Animal Care and Use Committee prior to the commencement of the study and

were performed in accordance with the guidelines of the Canadian Council on Animal

Care.

Materials

Two conditioning diets were used, one that was high in protein and one that

contained no protein. These isocaloric conditioning diets (3.83kcal/g) have been

previously used in research on protein selection in rats (DiBattista & Holder, 1998). A

mixed diet consisting of equal amounts of unflavoured HPCD and PFCD was also

prepared for use during Phase 3. All diet compositions are presented in Table 1.

Insert Table 1

In addition, one oftwo different marker flavours was added to each of the

conditioning and mixed diets presented to each animal. The marker flavours were ground

marjoram and ground allspice (McCormick Canada, London, Ontario), with 1 g of spice

being added to each 99 g of diet. Preliminary unpublished data demonstrated that rats

consume equal amounts of food from two simultaneously presented dishes of mixed diet,

one of which contains one marker flavour and the other one containing the other marker

flavour (Hague, unpublished observations).
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i \ • The conditioning diets that were given during the pre-exposure phase were

presented in containers made by gluing a glass cup with a 60-ml capacity to the center of

a flat ceramic plate (7x7 cm). Conditioning diets and mixed diets that were given

during the testing phase were presented in containers made by gluing a glass cup with a

60-ml capacity to the center of a flat ceramic plate (4 x 4cm). Food containers were held

in place with springs that were attached to the wire floor.

The GRF for intracranial injections (Rat: Synthetic, Sigma-Aldridge Chemical

Co, Oakville, Canada) was dissolved in 0. 1% ascorbic acid to yield a solution containing

1 picomole/0.5 \i\. A 0.1% ascorbic acid solution was used for vehicle injections.

Surgical Procedure i

All rats were subjected to stereotaxic surgery in which bilateral stainless steel

guide cannulae (640 pm o.d.) were implanted in the border of the SCN/MPOA, which has

been demonstrated to be the area most sensitive to GRF administration (Vaccarino,

1990). Each rat was given an injection of the analgesic buprenorphine, 0.01 mg/ kg

subcutaneous (s.c), prior to surgery and was subsequently anaesthetized with ketamine

hydrochloride, 50 mg/kg intraperitoneal (i.p.; Ketalean, MTC Pharmaceutical,

Cambridge, Ont.) and xylazine hydrochloride (6 mg/kg i.p.; Rompun, Bayvet Div.

Chemargo, Ldt., Etobicoke, Ont.). The rat was then placed in a Kopf stereotaxic

apparatus for surgery. The ear bars were coated with lidocaine hydrochloride (20mg/ml,

Xylocaine Viscous 2%, Astra Pharma Inc., Mississauga, ON), a topical anesthetic. The

stainless steel guide cannulae, which were constructed from a 16-mm length of 23 -gauge

hypodermic needle tubing, were implanted bilaterally into the SCN/MPOA using

stereotaxic coordinates obtained from the Paxinos and Watson (1986) stereotaxic atlas.
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The stereotaxic coordinates used were: Anterior = 8.0 mm from the interaural plane,

Lateral = 0.6 mm from the midline, and Ventral = 7.8 mm below the surface of the cortex

for which the skull landmark bregma served as the zero reference point (Myers, 1971).

The guide cannulae were inserted into the brain with the tip 1 mm above the target

location and were fastened to the skull with stainless steel jewelers' screws and dental

acrylic (Perm, Hygenic Co., Acron, OH). The guide cannulae were sealed with sterile

wire pins in order to prevent occlusions and the introduction of foreign particles into the

brain (Myers, 1971). Following surgery the rats received a s.c. injection of saline (3 ml)

to prevent dehydration and to increase the rate of elimination of the anesthetic, and

remained in a heated recovery cage until they regained consciousness.

Injection Procedure :.:'.:

In order to administer an intracranial (i.e.) injection, the rat was restrained by

wrapping it in a cotton blanket while leaving its head exposed. An injection cannula,

which was constructed out of 30-gauge hypodermic stainless steel tubing, was used to

administer the injections. The injection cannula was constructed to extend 1 .0 mm

beyond the tip of the guide cannula so that it reached the SCN/MPOA. The injection

cannula was connected to a 10-cm length of PE-10 polyethylene tubing (Clay Adams,

Parsippany, NJ), which was, in turn, attached to a CR-700 microliter syringe (Hamilton

Corp., Reno, Nevada). Solutions were injected at a rate of 0.2 |j1/10s. Once the injection

cannula was removed, the guide cannula was sealed with the wire pin, and the rat was

placed immediately into the testing cage.
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Experimental Design and Procedure

The experiment consisted of three phases: diet pre-exposure, surgery and

recovery, and testing. During Phase 1, the rats were pre-exposed to the two flavoured

conditioning diets. For half of the rats, the HPCD was paired with the allspice flavour

and the PFCD was paired with the marjoram, and for the remaining rats these marker

flavours were reversed. On days 1-10 of Phase 1, all rats had continuous access to Purina

Chow, as usual. In addition to receiving their normal diet, each day a dish containing 5.0

grams of one of the conditioning diets was placed in each rat's cage. Half of the rats

received the flavoured PFCD on the odd-numbered days and the flavoured HPCD on the

even-numbered days, and for the remaining rats, the presentation schedule was reversed.

Intake of the conditioning diets was recorded daily.

On days 11-14 of Phase 1, the same basic procedure was followed. However,

on these days the individually offered conditioning diets were presented for only 3 hr/day

from 1 100 - 1400 h and they were given in the testing cage, with intake again being

recorded. This allowed the rats to become accustomed to the 3-hr exposure period and to

the testing environment that was to be used later during Phase 3. During these 3-hr

exposure periods, the rats did not have access to their regular Purina Chow diet.

•
- Phase 2 of the study began on the day following the end of Phase 1 . During this

phase, rats had cannulae implanted bilaterally into the SCN/MPOA according to the

procedure described above. Rats were given 1 days to recover form the surgery before

Phase 3 of the experiment commenced. During this recovery period, the rats were

handled frequently and were familiarized with the test conditions. Because the animals

would later have to be restrained to administer injections during Phase 3, they were
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habituated to the restraint procedure in order to reduce stress during testing. Rats were

restrained once a day for a 2-minute period over a three-day period before injections

started.

During Phase 3 of the study, feeding tests were conducted in the testing cages on

nine occasions over a period of eighteen days. During each feeding test, two food dishes

were presented, and the Purina Chow was not available. Each test session was 3 hrs in

duration from 11 00 - 1400 h and intake was recorded at +1, +2, and +3 hrs.

Rats did not receive an i. c. injection before the first test. Instead, rats were

restrained for two minutes, as described previously, and placed into their test cages for 3

hrs with both of their usual conditioning diets (i.e., conditioning diets flavoured as they

were during phase 2), and intake was recorded.

After this initial feeding test, the rats underwent 8 subsequent feeding tests.

Before each test, the rat was injected i.e. with either vehicle (0.5 pi of 0. 1% ascorbic acid

solution) or GRF (1 picomole in 0.5 pi of 0.1% ascorbic acid solution). This dose of

GRF has been shown to selectively increase protein intake by up to 75% in non-deprived

rats when injected into the SCN/MPOA (Dickson & Vaccarino, 1994). Immediately

following the injection, the rats were then given access for 3 hrs either to both of their

usual conditioning diets or to two mixed diets having opposite flavours one of the flavour

previously associated with the HPCD (MixedHP-r diet) and one being the flavour

previously associated with the PFCD (MixedpF-r diet). See Appendix A for a complete

summary of the eight injection test conditions used for each rat.

The order of tests was completely counterbalanced with respect to the nature and

side of the injections. Thus, both the drug administered (GRF versus vehicle) and the
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injection location (right versus left hemisphere) were counterbalanced across days. In

addition, all injections were administered every second day in order to ensure that there

were no drug carry-over effects. » «c .1 •

Histological Verification and Staining Procedures ^

Upon completion of the final feeding test, the rats were deeply anesthetized and

underwent a transcardial perfusion with 10% formalin and their brains were extracted.

The brains were placed in 10% formalin solution for a minimum of 24 hrs to ensure

complete fixation. Coronal sections of 60 pm were then taken using a freezing

microtome (Hacker Instruments Inc., Fairfield, NJ). The coronal sections were mounted

on gelatinized glass slides, allowed to air dry for 24 hrs, and stained with thionin

(Humason, 1972). Cover slips were placed on top of dehydrated and cleared preparations

to guarantee that the sections were protected, and the stained histological sections were

examined under the projection microscope for verification of injection sites, which were

determined by the location of the injection lesion. Paxinos and Watsons' s (1986)

stereotaxic atlas was used to create the map of injection sites. Comparisons were made

between the stained sections and the atlas sections by matching distinctive anatomical

landmarks on the sections being studied. . f'^ .

The staining of the mounted sections was performed using the thionin fast Nissl

staining technique (Humason, 1972, p. 220 - 221). This staining procedure involves four

main stages: delipidization, staining, differentiation, and clearing. In the first stage, lipids

were removed by placing the sections in a 50% alcohol solution for 5 minutes. Following

delipidization, the sections were rinsed in distilled H2O and then placed in 0. 1% thionin

solution in H2O for approximately 20 minutes. Thionin stain is a dye that identifies
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nucleic acids in the cell and stains them purple. Once the sections were stained, they

were rinsed again in distilled H2O and then dehydrated by placing them in a series of

increasingly concentrated ethyl alcohol solutions, with concentrations ranging from 50%

to 100%. This dehydration process, know as differentiation, prepares the sections for

clearing in xylene, a chemical that does not mix with water. Once the sections were

differentiated they were placed in 100% xylene, which makes the unstained structures

transparent. Following clearing, slides were covered with Permount (Capital, Fisher

Scientific) and cover-slipped. Xl>.i, -. . .•. - r

Statistical Tests • ^
'-'

;> ' . ' '

Diet intake during Phase 3 was analyzed using a three-way repeated measure

ANOVA, with treatment condition (GRF, vehicle, and the no injection) and time (hour 1

- 3), and nature of the diet (either HPCD versus PFCD or Mixed HP-rdiet versus Mixed

PF-f diet) as the independent variables. All significant interactions and main effects were

followed up using paired sample /-tests. Holm's sequential Bonferroni procedure was

used for comparisons among means, with the familywise type I error rate set at .05

(Green, Salkind, & Akey, 1997, p. 274 - 275). All analyses were conducted using the

Statistical Package for the Social Sciences (SPSS Inc., 2002, version 1 1.0, Chicago,

Illinois). •:'

w c ^
. -

. .
r Results •

Phase 1

In order to establish that rats had an equal opportunity to learn about the flavoured

conditioning diets during the first 10 days of Phase 1, intake of these two diets was

compared. This comparison revealed no difference in intake between the FIPCD and the
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PFCD. It was found that all of the rats ate all of the presented flavoured conditioning

diets during Phase 1 . Thus by the end of the first part of Phase 1, all rats had consumed

25 grams of both the HPCD and the PFCD. Therefore, each rat had an equal opportunity

to learn about the diets and their nutrient content during this portion of the experiment.

In addition to the conditioning diets given over the first 10 days, the rats were also

given four, three-hour individual access period to each of the conditioning diets. Intake

of the conditioning diets on day 11-14 was analyzed using a 2 x 2 repeated measures

ANOVA. This Conditioning Diet X Day analysis revealed only a main effect of diet.

The data for this analysis are shown in figure 2. It was found that the rats consumed

significantly more of the HPCD, F (1,13) = 17. 1 15, p = .001 than the PFCD during this

pre-exposure phase. See Appendix B for a complete ANOVA summary table.

( i-i. c :'f^':;, - <r,'r-''n:jrn Insert Figure 2

^!"0'--'

Thus, a comparison of the total intake of the conditioning diet during the pre-

exposure phase revealed that the rats consumed significantly more of the HPCD t (13)

4.137, p. = 001 than the PFCD. Figure 3 shows the data for this analysis. Thus, even

though the rats had equal exposure to both conditioning diet during days 1-10, they

were found to consume more of the HPCD during the 3-hr individual access period on

days 11-14. ^ ::
•'

- \' \ r .•

^ - u^ Insert Figure 3 ^ .
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Phase 3 ; ^ . ^ •

Eight preliminary ANOVAs were conducted to determine if there were any

differences in intake resulting from injections given in the left hemisphere versus the

right hemisphere. The independent variables for these 3X2 repeated measures ANOVAs

were Time (hour 1, hour 2, hour 3), and Hemisphere (right and left). The dependent

variables were the intake of the four different diets (HPCD, PFCD, MixedHP-p, MixedpF-r)

presented during the tests of Phase 3. These initial analyses indicated that neither main

effects nor interactions effects for the hemisphere variable were significant. Thus, there

were no differences in intake of any of the diets as a ftinction ofwhich hemisphere was

administered with GRF. As a result, the data for the left and right hemisphere was

combined for the remainder of the analyses. See Appendix C for ANOVA Summary

table.

One goal of this experiment was to examine whether GRF administration causes

an increase in protein intake. It was predicted that when the rats received GRF they

would develop a protein appetite and as a result would consume more of the HPCD than

when they received a vehicle injection or no injection at all.

For this 3x3x2 ANOVA, the independent variables were Treatment (no

injection, vehicle, and GRF), Time (hour 1, hour 2, and hour 3), and nature of the

conditioning diet (HPCD and PFCD) and the dependent variable was the amount

consumed. See Appendix D for ANOVA summary table. There were significant main

effects of treatment, F (2, 12) = 23.665 p = .001; time, F (2,12) = 36.675, p = .001; and

conditioning diet, F (1,13) = 18.259, p = .001. In addition, three significant two-way

interactions were found, but the three-way interaction was not significant. Because the
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nature of the two-way interactions explains the main effect differences, the main effects

are not discussed here. .
. 1 .

' '.v .

The first significant finding was a Treatment X Conditioning Diet interaction, F

(2,12) = 6.080, 2=015. Figure 4 demonstrates the characteristics of this interaction.

Results from the post hoc comparisons indicated that the rats ate significantly more

HPCD when given no injection than they did when given either vehicle, t (13) = 5.386, p.

= 001, or GRF, t (13) = 4.252, p. = 001. Furthermore, PFCD intake did not differ

significantly across treatments. Thus, contrary to the initial hypothesis no significant

differences were found between GRF and vehicle administration with regards to HPCD

consumption. These findings are surprising given that GRF has been previously shown

to increase protein intake (Vaccarino, 1990). !'' '
'' .

.

' ' '
'

" '

. Insert Figure 4

Another interesting outcome of this analysis was that rats consumed significantly

more HPCD than PFCD in all three treatment conditions: no injection, t (13) = 4.91 1, p =

.001; vehicle, t (13) = 2.767, p = .015; and GRF, t (13) = 3.614, p = .003. Thus, even in

the no-injection condition, the rats had a strong preference for the F[PCD. The interaction

was a result of the decreased consumption ofHPCD over time and the constant intake of

the PFCD. is^ ;. . . • • . • .
i

•

V •: .• i V

' ' The Treatment X Time interaction, which is shown in Figure 5, also proved to be

significant F (4, 10) = 4.237, £ = .029. Mean intakes for all treatment conditions were

significantly greater during hour 1 than during hour 2: no injection, t (13) = 9.209, p =
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.001; vehicle, t (13) = 6. 175, p = .001; and GRF, t (13) = 5.535, p = .001. A significant

difference was also found between hour 2 and hour 3 for the vehicle condition t (13) =

2.922, p = .012. Thus, intake in all treatment conditions decreased over time. ,

,

Insert Figure 5

' - In addition to the decreased consumption over time, there were also intake

differences between the treatment groups. During hour 1, rats ate significantly less in the

vehicle, t (13) = 5. 148, p = .001 and GRF, t (13) = 3.747, p = .002, conditions than in the

no-injection condition. In the vehicle condition rats ate significantly less during hour 3, t

(13) = 3.3 1 8, p = .006 than they did in the no injection condition. These results indicate

that administration of vehicle and GRF significantly reduced food intake compared to the

no injection condition, especially during the first hour of testing. The findings that both

vehicle and GRF injections reduced food intake are surprising given that the vehicle

solution would not be expected to have an effect on food consumption and GRF is

believed to increase food intake. This interaction was a result of the large decrease in

consumption of the conditioning diets in the no injection treatment condition from time 1

to time 2. In the GRF and vehicle treatments this decrease in consumption was not as

drastic. . , . t

The final two-way interaction that was discovered was a Conditioning Diet X

Time interaction F (2,12) = 5.646, p = .019. Figure 6 indicates the nature of this

interaction. As expected, follow up tests showed that the rats ate significantly more of

the HPCD during hour 1 than they did during either hour 2, t (13) = 8.477, p = .001 or
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hour 3, t ( 1 3) = 8.955, p = .00 1 . Furthermore, the rats ate significantly more PFCD at

hour 1 than they did at hour 2, t (13) = 4.300, p = .001 or at hour 3, t (13) = 3.926, p =

.002. The rats also consumed significantly more HPCD than PFCD at hour 1, t (13) =

4.031, p = .001, at hour 2, t (13) = 3.163, p = .007, and at hour 3, t (13) = 2.725, p = .017.

In view of the fact that previous analyses showed that the rats generally prefer the HPCD

to the PFCD, these findings are not surprising. This interaction was a result of the large

decrease in consumption of the HPCD from time 1 to time 2 and a more moderate

decrease in PFCD intake over time. - - .

Insert Figure 6

L ''V/*;-. r-

A second goal of this experiment was to determine whether injections ofGRF

into the SCN/MPOA cause an increased preference for a marker flavour that has been

previously associated with the HPCD. If so, the rats would be expected to consume more

of the Mixednp-r diet as compared to the MixedpF-r diet when they are given GRF. For

this 3x3x2 repeated measure ANOVA, the independent variables were treatment (no

injection, vehicle, and GRF), time (hour 1, hour 2, and hour 3), and diet flavour

(MixedHp-r diet and MixedpF-r diet), and the dependent variable was the amount of the

mixed diets consumed. See Appendix E for ANOVA summary table. This analysis

revealed significant main effects for time F (2, 12) = 26.400, p = .001 and diet flavour F

(1,13) = 55.974, p = .001. In addition to these main effects, a significant Time X Diet

Flavour interaction was also found. Figure 7 illustrates the significant interaction

between time and diet flavour for the mixed diets F (2,12) = 10.946, p = .002. Because
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the nature of this interaction explains the main effects, the main effect of time and diet

flavour will not be discussed individually. v ../ i-.

Insert Figure 7

Follow up tests of the Time X Diet interaction showed that rats consumed

significantly more of the Mixednp-f diet during hour 1 as compared to hour 2, t (13) =

7.728, p = .001 and hour 3, t (13) = 7.115, p = .001. In addition, these results showed that

the rats consumed significantly more of he MixedpF-r diet during hour 1, as compared to

hour 2, t (13) = 3.367, p = .005 and hour 3, t (13) = 3.237, p =. 001. In addition, intake of

MixedHP-f diet vvas significantly greater than intake of MixedpF-fdiet at hour 1, t (13) =

6.067, p = .001; hour 2, t (13) = 5.687, p = .001; and hour 3, t (13) = 5.837, p = .001.

These findings are not entirely surprising, as rats generally preferred the HPCD to the

PFCD. However, what is interesting is that it appears that the rats learned to prefer the

flavour that was previously associated with the HPCD. Thus, the results showed that the

rats developed a preference for the marker flavour that was previously paired with the

HPCD, and demonstrated this preference even when the diets presented were

nutritionally identical. This interaction was a result of the large decrease in consumption

of the Mixednp-r diet from time 1 to time 2 in comparison to the moderate decrease in

MixedpF-f. ' •' - - '
• ' ' -«- 1/

Histological verification of injection location revealed that all cannulae were

placed within or at the border of the SCN/MPOA. See figure 8 for location of injection

points. Furthermore, it is well established that a 0.5pl injection droplet diffuses
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t,

•
f approximately 1 mm from the injection point (Myers, 1971). Accordingly, it was

^ appropriate to include data from all subjects in the foregoing analyses.

Insert Figure 8

Discussion

Previous research has demonstrated that injections ofGRF into the SCN/MPOA

cause a selective increase in protein intake (Feifel & Vaccarino, 1994). Accordingly, one

major hypothesis of Experiment 1 was that intracranial injections ofGRF into the

SCN/MPOA would result in a selective increase in HPCD consumption. However, the

resuhs of Experiment 1 failed to support this hypothesis. In contrast, the administration

ofGRF significantly reduced consumption ofHPCD as compared to the no-injection

condition. In addition, no differences in the intake of the HPCD were found between the

GRF and vehicle conditions. Thus, even if something inherent in the injection procedure

caused the suppression ofHPCD intake, administration ofGRF did not alter its influence.

The failure to replicate results of previous research (Dickson & Vaccarino, 1994;

Vaccarino, 1990; Vaccarino, Feifel, Rivier, Vale, & Koob, 1988) cannot be attributed to

inaccuracy of the cannulae placement because histological examination showed that most

of the cannulae were placed in the appropriate location or sufficiently close to it.

Moreover, the method of injection, nature of vehicle, and dose ofGRF in Experiment 1

were also similar to those used by Dickson and Vaccarino (1994). Thus, differences in

results cannot simply be attributed to differences in the injection procedure.
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In addition, research by DiBattista and Holder (1998) showed that rats maintained

on a protein-free diet are able to successfully discriminate between the HPCD and PFCD

diets after having only had two days of two-hour exposure to the diets. During these

exposures, rats consumed an average of 3.56 g of each of the diets. Because the rats in

Experiment 1 had all consumed a mean of at least 29g of each of the two conditioning

diets during Phase 1 of the experiment, the differences in results are not attributable to the

animals having had an inadequate amount of pre-exposure to the diets. Furthermore, in

Experiment 1 the rats did discriminate successfully between the two conditioning diets.

That is, their intake of the HPCD, but not their intake of the PFCD, was significantly

lower when they received either vehicle or GRF injections than when they did not. Thus,

the rats did discriminate, but the effect that was observed was not the effect that had been

hypothesized. /jku- : im.v,;= f;f-r.> ; :; :

i)j di\ Another unexpected finding of Experiment 1 was that the rats preferred the FIPCD

to the PFCD even when they were given no injection. This finding was surprising

because previous studies using these conditioning diets showed that rats consumed equal

amounts of both diets when they were presented separately. However, in the previous

research rats of the Sprague-Dawley strain were used (DiBattista & Holder, 1998),

whereas in Experiment 1 the rats used were of the Wistar strain. Thus, it appears that

differences in preference for these two diets may exist between Sprague-Dawley and

Wistar rats. '-

The other major hypothesis in Experiment 1 was that GRF administration would

cause a selective increase in preference for the MixedHP-r diet. However, there was no

difference between the intakes of the two mixed diets as a resuh ofGRF or vehicle
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administration. Given that there was no increase found in the intake of the two

conditioning diets as a function of treatment condition, this result is not surprising. That

is, because the rats did not increase their intake ofHPCD in response to GRF

administration, they would not be expected to increase their intake of the MixedHp-r diet

in response to GRF administration.

. One surprising finding was that the inhibitory effects of the injection procedure

were not observed with the mixed diets. Thus, this resuh indicates that the suppressive

effects that GRF and vehicle administration had on HPCD consumption did not

generalize to consumption of the mixed diets. Consequently, it appears that something

inherent in the injection ofGRF and Vehicle decreased HPCD intake.

Furthermore, it was found that the rats consumed significantly more of the

MixedHP-f than the MixedpF-f during all three-treatment conditions. Because there were

no differences between the mixed diets except for their flavour, these findings indicate

that the rats learned to prefer the flavour that was previously associated with the HPCD.

During days 11-14 of Phase 1 it was found that the rats consumed more HPCD than

PFCD. Because the rats initially consumed more of the HPCD they may have developed

a preference for the marker flavour associated with the HPCD. This increase in

preference for a flavour paired with a liked food is known as flavour-flavour learning.

Research has shown that when a neutral flavour is paired with a liked flavour, preference

for the neutral flavour increases (Weingarten, 1990). ^
.
v

Given the results of Experiment 1, several aspects of the research procedures need

to be reconsidered. The 1.0 picomole dose used in Experiment 1 was previously found to

be the most optimal dose for eliciting a selective increase in protein consumption
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(Dickson & Vaccarino, 1994). However, Dickson and Vaccarino found that a wide range

of doses (0.01 - 4.0 picomoles) were effective at stimulating a selective increase in

protein intake. Because no differences in intake were found in Experiment 1, it may be

appropriate to select a higher dose from the range of effective doses that these earlier

researchers reported. _ u i
.- Ii.i: ( Ki » > V:;'* t'"^ ^

Another methodological consideration that needs to be addressed is the

composition of the conditioning diets that were used. Because the rats in Experiment 1

preferred the HPCD to the PFCD even when no injection was given, it would be .•

advisable to change the composition of these diets in order to ensure that the rats will

initially consume similar amounts of the diets. In Experiment 1 dextrose was used as the

carbohydrate source in the PFCD. Unpublished observations by Hague (2001) have

shown that Wistar rats consume equal amounts of the HPCD and PFCD when sucrose

rather than dextrose is used as the carbohydrate in the PFCD. Accordingly, the

carbohydrate used in the PFCD was changed from dextrose to sucrose in Experiment 2.

In addition, preliminary training should be conducted before GRF administration

to provide rats with the opportunity to consume the flavoured conditioning diets both

when protein replete and when in a state of protein need. Accordingly, in Phase 1 of ,,

Experiment 2, rats will be maintained at different times either on a protein-restricted

maintenance diet, or on a nutritionally complete maintenance diet, and allowed access to

the two flavoured conditioning diets. Furthermore, it is also hypothesized that protein

restriction will bring about a selective increase in Mixednp-t intake. If the rats are able to

discriminate between the conditioning diets and between their marker flavours when they
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are in a protein-need state, this will increase the likelihood that they will discriminate in

the same way when injected with GRF. ,,^

^ %»^ r • t :? r Experiment 2 « -. '^

Overview % , « ^ >

Previous research has established that GRF acts a neurotransmitter in the

SNC/MPOA to stimulate food intake in rats. Furthermore, it has also been shown that

when rats are allowed to select among macronutrients, administration ofGRF into the

SCN/MPOA stimulates a specific preference for dietary protein (Dickson & Vaccarino,

1994). It has been shown that dietary protein restriction also stimulates selective protein

intake in rats. When rats are maintained on a protein-free maintenance diet (PFMD), they

significantly increase their intake of a high-protein conditioning diet (HPCD) over a 2hr

test period, but they do not alter their intake of a protein-free conditioning diet (PFCD).

In contrast, when rats are maintained on a nutritionally complete maintenance diet

(NCMD), they consume equal amounts of both conditioning diets (DiBattista & Holder,

1994). ^„

V
, Thus, there were three primary goals to this experiment. The first goal was to

confirm that rats could learn to associate the flavours of the conditioning diets with their

nutrient content. This was accomplished by maintaining the rats at various times on

either a PFMD or NCMD while simultaneously giving them intermittent access to the

flavoured HPCD and PFCD. Maintaining the rats on the PFMD should induce a state of

protein need, which should in turn result in a selective increase in HPCD consumption. A

selective increase in HPCD consumption would indicate that the rats were able to

associate the conditioning diets with their nutrient content. Once it has been established





GRF and Protein 51

that the rats are able to make this association, then the next goal will be to examine

whether the rats have learned to associate the marker flavours of the diets with their

nutritional content^. If so, then they should also selectively increase their consumption of

the MixedHP-fdiet when maintained on the PFMD. After these two associations have

been confirmed administration of intracranial injections ofGRF in the SCN/MPOA will

occur. The third goal of this experiment is to establish that i.e. injections of GRF cause

an increase in protein consumption. Therefore, it is speculated that administration of

GRF will result in a significant increase in HPCD intake. In addition, if the rats have

learned the association between the marker flavours and the conditioning diet, there

should also be an increase in Mixednp-f diet intake following GRF administration.

^ - '
•

•'-''
- r -' - Method ' ' ' ' ^

.

" .;.

Subjects '-

^

This study used 20 male Wistar albino rats from Charles River Canada (St.

Constant, Quebec, Canada). The rats were housed and tested individually in clear

hanging polycarbonate cages (45 x 23 x 21 cm) with removable wire floors. All rats

were exposed to a 12: 12-hr light-dark cycle (lights on at 0700). The rats were housed

under controlled temperature (21 - 23 "C) and humidity conditions and had continuous

access to water throughout the experiment. - • •• -^

Materials
'

• Except as noted below, the rats had ad libitum access to standard Purina Rodent

Chow (No. 5001, Ralston-Purina, St. Louis, MO). During the first phase of the

experiment the rats had the standard Purina Rodent Chow removed from their cage, and

were maintained on one of two maintenance diets, a nutritionally complete maintenance
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diet (NCMD), which contained 4.78 kcal/g, or a protein free maintenance diet (PFMD),

which contained 4.38 kcal/g. The composition of each of these two diets is described in

Table 2. The maintenance diets were given in food containers that were made by gluing

a 250 ml glass jar inside a larger glass cup. The glass cup caught the spillage from the

inner jar. These food containers had a flat piece of aluminum (12 x 12 cm) glued to the

bottom, and the aluminum base was secured to the cage floor with springs. Although

spillage was uncommon, it sometimes occurred despite these precautions.

Insert Table 2

The HPCD was the same as that used in Experiment 1 . However, the PFCD used for

this experiment was altered from the one used in Experiment 1. In contrast to the PFCD

used in Experiment 1 this conditioning diet used sucrose as its carbohydrate source.

Previous unpublished research (Hague, 2001) showed that intake of this sucrose-based

PFCD was similar to that of the HPCD.

In addition to the two conditioning diets, a mixed diet was also used which

contained equal portions of the two conditioning diets. The make up of the conditioning

and mixed diets is described in Table 3. Both the conditioning and mixed diets had the

two different marker flavours (marjoram and allspice) added that were used in

Experiment 1.

Insert Table 3
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During the preference test sessions, the mixed and conditioning diets were

presented in the same containers used in Experiment 1. Once again the diets were

presented in these containers were placed at the front of each cage and the location of

each individual diet was varied each day. «« ^f. ..

•'i Experiment 2 rats were also given intracranial injections ofGRF and a vehicle

solution. The GRP (Rat: Synthetic, Sigma-Aldridge Chemical Co, Oakville, Canada)

was dissolved in 0.01% ascorbic acid and a 4 picomole dose ofGRF was administered in

0.5 \i\ of the 0.01% ascorbic acid solution. For the vehicle condition, 0.5 \i\ of 0.01%

ascorbic acid was injected. In order to ensure that the ph balance of the injection solution

was not influencing the results, the percentage of ascorbic acid used in Experiment 2 was

lowered from that used in Experiment 1

.

. :
; .-

!
--<:

Design and Procedure >^' '-'
;

There were four phases to this experiment: diet pre-exposure, associative learning,

surgery and recovery, and testing. During the Phase 1 , the rats were pre-exposed on days

1-6 to the two flavoured conditioning diets. In addition to their normal diet of Purina

Rodent Chow, each rat received 2 grams of each conditioning diet every day for a period

of six days. All the rats consumed a total of 12 grams of each conditioning diet.

Phase 2 of the study began on day 9 and involved maintaining the rats on either

the NCMD or on the PFMD at various times over a period of four weeks. The rats were

kept on these maintenance diets from Sunday at 1200 h to Friday at 1200 h, with the

Purina Chow being removed from the cages when the maintenance diets were available.

During the first and third week, the rats were maintained on the NCMD, and during the

second and fourth week the rats were maintained on the PFMD. In addition to the
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maintenance diets, the rats were given access for 30 minutes a day to flavoured HPCD

and PFCD from Monday to Friday. The rats were given access to one conditioning diet

from 0930 - 1000 h and to the other conditioning diet from 1230 - 1300 h. Each day the

order of presentation of the conditioning diets was reversed so that on half of the test

sessions the rats received the HPCD in the morning and for the other half they received

the PFCD in the morning.

During Phase 2, the rats were also given two preference tests per week, one on

Thursday and one on Friday. During all of these weekly preference tests the maintenance

diets were removed from the rats' cages. During the first two weeks, the Thursday test

compared the intake of rats' usual conditioning diets when they were presented

simultaneously from 0800 - 0830 h. The Friday test compared intake of the Mixednp-f

and MixedpF-f diets, which were presented simultaneously from 0800 - 0830 h.

During the final two weeks of Phase 2, the rats were again given two preference

tests per week, one on Thursday and one on Friday. During the final two weeks, the

Thursday test compared the intake of the Mixednp-rand MixedpF-r diets when presented

simultaneously from 0800 - 0830 h. The Friday test compared intake of the Mixednp-f

and MixedpF-f diets, when presented individually from 0930 - 1000 and fi-om 1230 -

1300 h. For half of the rats the Mixednp-fwas presented in the morning session and for

the MixedpF-fwas presented in the afternoon session and for the other half of the rats the

presentation was reversed.

During the third phase of the study, the rats were maintained on Purina Rodent

Chow. All rats had a guide cannula stereotaxically implanted with its tip aimed at the
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SCN/MPOA. All surgical procedures were similar to those used in Experiment 1

.

Following recovery from surgery. Phase 4 of the experiment commenced.

. Rats did not receive an i. c. injection before the first test. Instead, rats were

restrained for two minutes, as described previously, and placed into their test cages for 3

hrs with both of their usual conditioning diets (i.e., conditioning diets flavoured as they

were during phase 2), and intake was recorded. The rats then received a series of eight

i.e. injections. Each rat received four injections into each hemisphere (left versus right),

two ofwhich were GRF and the other two were vehicle. Following injections

administered to the left hemisphere the rats were given access to either the Mixednp-r or

MixedpF-f diet for a 3-hr period. Following injections administered to the right

hemisphere, the rats were given access to either the two flavoured conditioning or the two

flavoured mixed diets, which were presented simultaneously for a 3-hr period. A

complete description of the injection locations and the diets given following injections

are described in Appendix F. In addition, the rats also received a preference in which no

injection was given.

A day after the completion of Phase 4, the animals were sacrificed and histology

was carried out. All sacrifice and histology procedures were similar to those used in

Experiment 1. , *

Statistical Tests

. Repeated measures analysis of variance (ANOVA) techniques were used to

analyze the results. All significant effects were followed up using paired samples t-tests

to determine whether there were significant differences between means. All comparisons

among the means were significantly controlled for familywise error at the .05 level, using
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the Holm's sequential Bonferroni procedure (Green, Salkind, & Akey, 1997, p. 274 -

275).
'

:

< . Results !

Phase 2: Intake of Maintenance Diets on Days 1 - 3 for Weeks 1 and 2

>i V During the first week the rats were maintained on the NCMD and during the

second week the rats were maintained on the PFMD. The difference in caloric intake of

the two maintenance diets was examined using a two-way 2x3 repeated measure

ANOVA (Maintenance Diet X Day). The independent variables for this analysis were

maintenance diet (NCMD and PFMD), and the day of the week (days 1 - 3), and the

dependent variable was the amount of energy consumed. This analysis revealed a

significant main effect of maintenance diet, F (1,19) = 29.215, p = .000, and day, F (2,18)

= 79.778, £ = .000. Figure 9 illustrates these significant differences.

Insert Figure 9

Follow up tests showed that rats consumed significantly more calories when kept

on the NCMD than the PFCD on day 2, t (19) = 3.345, p = .003. In addition, it was found

that the rat's consumption of the NCMD decreased significantly from day 1 to day 2, t

(19) = 7.925, p = .001, and day 3, t (19) = 7.559, p = .001. Consumption of the PFMD

also decreased significantly from day 1 to day 2, t (19) = 8.210, p = .001 and day 3, t (19)

= 7.328, p = .001. See Appendix G for ANOVA summary table.
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Phase 2: Intake of Maintenance Diets on Davs 1 -3 for Weeks 3 and 4

/ During the third week the rats were once again maintained on the NCMD, and

during the fourth \yeek the rats were maintained on the PFMD. The differences in caloric

intake of the two maintenance diets for the third and fourth week were examined using a

two-way 2x3 repeated measure ANOVA (Maintenance Diet X Day). The independent

variables for this analysis were the two maintenance diets (NCMD and PFMD), and the

days of the week (days 1-3), and the dependent variable was the amount of energy

consumed. This analysis revealed a significant main effect of day, F (2,18) = 1 13.610, jg

= .001 and maintenance diet, F (1,19) = 10.095, ^ = .005; and a significant two-way

interaction between maintenance diet and day, F (2,18) = 6.683, p = .007. Figure 10

demonstrates the nature of this interaction. Since the two-way interaction explains the

main effect of day this effect will not be discussed. See Appendix G for a complete

ANOVA summary table. ;

Insert Figure 1

Follow up test revealed that the rats consumed significantly more calories when

maintained on the NCMD than when maintained on the PFMD on day 2, t (19) = 3.664, p

= .002. In addition, it was found that the rat's consumption of the NCMD decreased

significantly from day 1 to day 2, t (19) = 7.847, p = .001, and day 3, t (19) = 10.01 1, p =

.001 . Consumption of the PFMD also decreased significantly from day 1 to day 2, t (19)

= 9.058, p = .001 and day 3, t (19) = 9.213, p = .001. See Appendix G for ANOVA

summary table.
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Phase 2: Intake of Conditioning Diets on Davs 1 - 3 of Weeks 1 and 2

One goal of this experiment was to confirm that dietary protein restriction would

stimulate a selective increase in protein consumption in rats. It was hypothesized that

when the rats were maintained on the PFMD they would selectively increase their intake

of the HPCD while it was presented during the daily 30-min single diet test sessions. In

addition, it was speculated that no differences in intake would occur between the HPCD

and the PFCD when the rats were maintained on the NCMD because the rats would not

be in a protein-need state.

Because preference tests were done on the fourth and fifth days of the week, the

intake measures for these days were not used in this analysis because they could have

influenced the rats' consumption of the individually presented diets later on in the day.

Thus, intake of the two conditioning diets was analyzed using a 2 x 2 x 3 repeated

measures ANOVA (Maintenance diet X Conditioning diet X Day). The independent

variables for this analysis were the maintenance diets (NCMD and PFMD) for the first

two weeks, the two conditioning diets (FEPCD and PFCD) that were presented

intermittently and the days of the week (day 1, day 2, and day 3), and the dependent

variable was the amount consumed. This analysis revealed significant main effects for

conditioning diet, F (1,19) = 38.877, p = .001 and maintenance diet, F (1,19)= 86,136, p

= .001 . Although the three-way interaction was not significant, there were three

significant two-way interactions. Because the two-way interactions explain the main

effects, they will not be discussed. See Appendix H for the ANOVA summary table.

•- ti •.-. The first significant interaction was a Maintenance diet X Conditioning diet

interaction, F ( 1 , 1 9) = 7 1 .6 1 6, p = .00 1 . The nature of this interaction can be seen in
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Figure 1 1. Follow up test revealed that the rats consumed significantly more of the

HPCD while maintained on both the NCMD, t (19) = 3.327, p = .004 and PFMD, t (19) =

-1 1.504, p = .001. These findings show that the rats prefer the HPCD to the PFCD

regardless of the diet that they are being maintained on. However, the results also

indicated that the rats consumed significantly more of the HPCD while being maintained

on the PFMD than they did with the NCMD, t (19) = 7.629, p = .001. This finding shows

that the rats compensated for the lack of protein in the PFMD by increasing their intake

of the HPCD.

Insert Figure 1

1

The second significant interaction was a Maintenance diet X Day interaction, F

(1,19) = 71.616, £ = .001. Figure 12 demonstrates the nature of this interaction. The

results from the follow up tests indicated that the rats ate significantly more of the

conditioning diets on dayl than they did on day 2, t (19) = -7.061, p = .001 and day 3, t

(19) = -10.349, p = .001 when maintained on the NCMD.

Insert Figure 12

In addition, the rats were found to consume significantly more of the conditioning

diets on day 2, t (19) = 3.732, p = .001 and day 3, t (19) = 4.604, p = .001 when

maintained on the PFMD as compared to when they were maintained on the NCMD.
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The third significant interaction was a Day X Conditioning diet interaction, F

(2,18) = 3.727, e = .044 (see figure 13). Post hoc tests showed that the rats consumed

significantly more of the HPCD compared to the PFCD on all three days, t (19) = 2.799,

p = .010; t (19) = 6.052, p = .001; t (19) = 6.824, p = .001. However, it was found that

the animals significantly reduced their intake of the PFCD from day 1 to day 2, t (19) =

2.483, p = .023 and day, 3 t (19) = 4.488, p = .001.

Insert Figure 13

Phase 2: Intake of Simultaneously Presented Conditioning Diets on Day 4 of Weeks 1

and 2

In addition to the daily single conditioning diet tests, the rats also received two

30-min preference tests on days 4 and 5. During the first preference test that was

conducted on day 4, rats were given access to both conditioning diets. It was

hypothesized that there would be a selective increase in HPCD when the rats were

maintained on the PFMD. Furthermore, it was predicted that there should be no

differences in the consumption between the conditioning diets while the rats are

maintained on the NCMD.

A 2 X 2 repeated measure ANOVA was conducted. The independent variables

were maintenance diet (NCMD and PFMD) and conditioning diet (HPCD and PFCD),

and the dependent variable was the amount consumed. The 2x2 repeated measures

ANOVA revealed main effects for conditioning diet, F (1,19) = 45.471, p = .001 and

maintenance diet, F (1,19) = 82.774, p = .001. In addition, there was also a significant
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two-way interaction, F (1,19) = 78.337, p = .001. Figure 14 illustrates this interaction.

Because the interaction explains the main effects, the main effects are not discussed. See

Appendix I for ANOVA summary table.

Insert Figure 14

Paired sample t-tests revealed that rats ate significantly more of the HPCD when

maintained on the PFMD as compared to the NCMD, t (19) = -10.070, p = .001. In

addition, the rats consumed significantly more of the HPCD in comparison to the PFCD, t

(19) = - 8.234, p = .001 when maintained on the PFMD. Thus, these resuUs show that

intake of the PFCD did not differ as a function of maintenance diet given. Furthermore,

when the rats were maintained on the PFMD they selectively increased their consumption

of the HPCD and decreased their consumption of the PFCD as compared to when they

were kept on the NCMD.

Phase 2: Intake ofMixed Diets on Day 5 ofWeeks 1 and 2

The second 2x2 repeated measures ANOVA looked at the differences in intake

of the mixed diets. For this analysis the independent variables were maintenance diet

(NCMD and PFMD) and diet flavour (Mixednp-t diet and MixedpF-t diet), and the

dependent variable was the amount consumed. It was hypothesized that the rats would

demonstrate a preference for the Mixednp-r while maintained on the PFMD, but not when

maintained on NCMD. This 2x2 repeated measures ANOVA revealed significant main

effects of maintenance diet, F (1,19) = 56.556, p = .001 and mixed diet, F (1,19) =

30.585, p = .001 as well as a significant two-way interaction, F (1,19) = 35.065, p = .001
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Figure 1 5 demonstrates the nature of this interaction. Because the interaction explains

the main effects so they will not be discussed. See Appendix J for ANOVA summary

table. j<ii.-'. 'i"'-^nj . -u j'".\. < '
^ :-

^'
ft ij*- ;

, } >.• -
'•' p^

iu -! •'vH!;ft:\':' ; ::j Insert Figure 1
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- '
'-^ It was found that rats consumed more of the MixedHp-r when the maintained on

the PFMD rather than they did while kept on the NCMD, t (19) = 7.932. However, no

differences were found in the intake of the MixedpF-tas a function of maintenance diet.

Although no difference in intake was found between the MixedHP-r diet and the MixedpF-r

diet while the rats were kept on the NCMD, it was found that they consumed significantly

more of the Mixednp-f in comparison to the MixedpF-f while maintained on the PFMD, t

(19) = - 7.516, p = .001. These results indicate that the rats have learnt to associate a

marker flavour with the nutrient composition of the diets. From these findings we can

conclude that the increase preference for the Mixednp-r while maintained on the PFMD is

the result of the rats making the association between the nutrient content of the diets and

the marker flavours that they carry. c ' '^ ^

Phase 2: Intake of Conditioning Diets on Days 1 - 3 of Weeks 3 and 4

. : During the third and fourth week, the rats underwent the same experimental

conditions as in weeks 1 and 2. Once again it was hypothesized that dietary protein

restriction would stimulate a selective increase in protein consumption in rats. The

differences in intake of the two conditioning diets were analyzed using a 2 x 2 x 3

repeated measures ANOVA (Maintenance diet X Conditioning diet X Day). Since
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preference tests were performed on the fourth and fifth days of the week, the intake

measures for these days were not used in this analysis. Thus the independent variables

for this analysis were the maintenance diets (NCMD and PFMD), the conditioning diets

(HPCD and PFCD) and the days of the week (day 1, day 2, and day 3).

This analysis revealed three significant main effects for conditioning diet, F (1,19)

= 220.633, E = 001, maintenance diet, F (1,19)= 87.397, p = .001 and days,_F (2,18) =

12.083, p = .001 . Although the three-way interaction was not significant, there were two

significant interactions, which will be discussed below. Because the two-way

interactions explain the main effects, they will not be discussed. See Appendix K for

ANOVA summary table. ; o'
'<

. , r The first significant two-way interaction was Maintenance Diet X Conditioning

Diet, F (1,19) = 30.875, p = .001. Figure 16 shows the nature of this interaction. Follow

up tests revealed that rats consumed significantly more of the FIPCD than the PFCD

while maintained on both the NCMD, t (19) = 9.039, p = .001 and PFMD, t (19) =

1 6.049, p = .001 . Thus, these findings suggest that even when the rats have no need

protein, they prefer the HPCD to the PFCD. In addition to preferring the HPCD, it was

found that the rats significantly increased their intake of the HPCD, t (19) = - 8.228, p =

.001 and PFCD, t (19) = - 4.781 when maintained on the PFMD. This finding indicates

that the rats are consuming more of both conditioning diets when maintained on the

PFMD. However, the increase in the HPCD was larger than the increase in the PFMD

when the rats were maintained on the PFCD.
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Insert Figure 1

6

• (v

The second significant interaction was a Maintenance Diet X Days interaction, F

(2, 1 8) = 6.889, £ = .006. Figure 17 demonstrates the nature of this interaction. It was

discovered that the rats consumed significantly less of the conditioning diets while

maintained on the NCMD from day 1 to day 3, t (19) = 4.434, p = .001. It was also found

that the rats consumed significantly more of the conditioning diets when maintained on

the PFMD rather than the NCMD over all three days, t (19) = - 4.708, p = .001; t (19) = -

4.243; and t (19) = - 8.725. However, no differences the intake of the conditioning diets

was found when the rats are maintained on the PFMD. These findings show the rats are

consuming more of the conditioning diets when maintained on the PFMD and that there

is a decrease in consumption of the conditioning diet over day when the rats are

maintained on the NCMD. .
• \. t •,

. c -picLv

. vuvxvc; i'^, Insert Figure 1 7 ..

Phase 2: Intake of Mixed Diets on Day 4 ofWeeks 3 and 4

In addition to the daily single conditioning diet tests, two tests with mixed diets

were also conducted on days 4 and 5 of the third and fourth week. During the first test,

which was conducted on day 4, the rats were given 30-minute access to both mixed diets

simultaneously. The independent variables for this analysis were the maintenance diets

(NCMD and PFMD) and diet flavour (MixedHP-rdiet and MixedpF-r diet), and the
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dependent variable was the amount consumed. A 2 x 2 repeated measures ANOVA

revealed significant main effects of maintenance diet, F (1,19) = 9.302, p = .007 and

mixed diet, F (1,19) = 38.185, p = .001. See Appendix L for summary table. Because a

two-way interaction between maintenance diet by mixed diet, F (1,19) = 4.843, p = .040

was also found, the main effects are not discussed. The nature of this interaction is

shown in figure 18.

Insert figure 1

8

Follow up analysis indicated that the rats consumed significantly more of the

MixedHp-f than the MixedpF-rwhen maintained on both the NCMD t (19) = - 5.046, p =

.001 and PFMD t (19) = - 6.403, p = .001. Thus, these findings suggest that the rats have

developed a preference for the flavour that was previously paired with the HPCD

regardless of the maintenance diet. In addition, it was found that the rats consumed

significantly more of the Mixednp-r while maintained on the PFMD as compared to the

NCMD. This result shows that the rats selectively increase their consumption ofthe

MixedHP-rwhen in a protein-need state.

Phase 2: Intake of Mixed Diets on Day 5 ofWeeks 3 and 4

For the second mixed diet test, which occurred on day 5 of weeks 3 and 4, the rats

were given 30-minutes individual access to the two mixed diets test. The independent

variables for this analysis were maintenance diets (NCMD and PFMD) and diet flavour

(Mixednp-fdiet and MixedpF-rdiet), and the dependent variable was the amount consumed.

A 2 x 2 repeated measures ANOVA was used to determine if there were any significant
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differences. See appendix M for the ANOVA summary table. Although the interaction

for this analysis was not significant, there were two significant main effects for

Maintenance Diet^ F (1,19) = 1 1.381, ^ = 003 and Mixed Diet, F (1,19) = 7.532, p = .013

Figure 19 illustrate the nature of this difference. It was found that the rats ate

significantly more of the MixedHP-f diet regardless of the maintenance that they were on.

Therefore, it appears that the rats have developed a preference for the MixedHP-r, which is

not dependent on protein need. In addition, the rats also consumed significantly more of

both mixed diets when maintained on the PFMD as compared to the NCMD. Thus, when

the mixed diets are presented separately, the rats do not selectively increase their

consumption of the Mixednp-f when they are maintained on the PFMD.

Insert Figure 1

9

Phase 4: Intake of Conditioning Diets as a Result ofGRF Administration

Another purpose of this study was to examine whether the amount of protein

consumed is affected by GRF administration. For this study, rats' intake ofHPCD and

PFCD was measured following i.e. injections of either GRF, vehicle, or no injection

condition. The amount ofHPCD and PFCD consumed over a period of three hours was

measured. It was predicted that when the rats received an injection ofGRF into the

SCN/MPOA they would consume more of the HPCD than when they received a vehicle

injection or no injection at all.

In order to determine if the rats ate significantly more HPCD following GRF

administration a 3 x 3 x 2 repeated measures ANOVAs was conducted. For this repeated
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measure analysis the independent variables were treatment condition (no injection,

vehicle, and GRF), time (hour 1, hour 2, hour 3), and conditioning diet (HPCD and

PFCD), and the dependent variable was the amount consumed. This analysis revealed a

significant three-way interaction, F (4,14) = 4.504, ^ = .015. See Appendix N for a

complete ANOVA summary table. In addition, significant main effects were found for

time, F (2,16) = 36.574, p = .001 and treatment condition, F (2,16) = 4.397, p = .030, and

significant two-way interactions were found for conditioning diet by treatment condition,

F (2,16) = 10.954, p = .001 and time by treatment condition, F (4,14) = 5.131, p = .009.

Follow up tests for the Conditioning diet X Treatment condition interaction

revealed that when rats were given an intracranial injection of either vehicle, t (17) =

3.836, p = .001 or GRF, t (17) = 4. 139, p = .001, they ate significantly less of the HPCD

Figure 20 demonstrates the nature of this interaction. However, consumption ofPFCD

did not differ as a function of treatment condition, and no difference in intake were found

between intake of the HPCD and the PFCD when no injection was given. These findings

imply that injection of vehicle or GRF causes a selective decrease in HPCD consumption.

Therefore, contrary to the initial hypothesis no significant differences were found

between GRF and vehicle administration with regards to HPCD intake.

Insert Figure 20

' • Follow up tests for the Time X Treatment condition interaction revealed that when

rats were given no injection, they decreased their intake of the conditioning diets from

hour 1 tohour2,t(18) = 9.272,p = .001 and hour 3, t (18)= 10.1 10, p = .001. Figure21
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illustrates this interaction. Similar pattern were also found when rats were given vehicle,

t (17) = 6.429, p = .001; t (17) = 8.421, p = .001 and GRF injections, t (17) = 4.671, p =

.001; t (17) = 4.378, p = .001. In addition, it was found that during the first hour, rats ate

significantly less of the conditioning diets when they were given a vehicle, t (17) = 3.078,

p = .007 and GRF injection, t (17) = 3.189, p = .005 as compared to no injection at all.

These findings indicate that the rats decreased their consumption of the conditioning diets

over time and that the rats decreased their intake of the conditioning diets as a result of

vehicle and GRF administration.

Insert Figure 2

1

. ": • .

Phase 4: Intake of Singly Presented Mixed Diets as a Result ofGRF Administration

Another purpose of this experiment was to determine whether rats were able to

associate a marker flavour with the nutritional content of food consumed. If the rats are

able to make this association then it is predicted that that they will consume more of the

Mixednp-t than the MixedpF-fwhen they are given an injection of GRF. However, we

expect that there will be no differences in intake of the two mixed diets when they are

given a vehicle injection, or no injection at all. •

In order to determine if the rats ate significantly more Mixednp-f following GRF

administration a 2 x 3 x 2 repeated measures ANOVAs were conducted. For this analysis

the independent variables were treatment condition (vehicle and GRF), time (hour 1, hour

2, hour 3), and diet flavour (Mixednp-t and MixedpF-r), and the dependent variable was the

amount consumed. This analysis revealed only a main effect of time F (2,16) = 29.644, p
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= .001 . See Appendix O for a complete ANOVA summary table. Follow up tests

revealed that the rats consumed significantly more of the mixed diets during hour 1 as

oppose to hour 2 and hour 3. Figure 22 shows that nature of this effect.

l't\^«-. -^ o'M . i K-^h •
'

' ••>r^ Insert Figure 22

Phase 4: Intake of Simultaneously Presented Mixed Diets as a Result ofGRF ;
•

Administration , »- ,«
, :

•"

The purpose of this analysis is to determine whether rats will selectively increase

their intake of the Mixednp-r following an injection of GRF when the mixed diets are

presented simultaneously. It is predicted that the rats will consume more of the Mixednp-r

than the MixedpF-twhen they are given an injection of GRF. However, we expect that

there will be no differences in intake of the two mixed diets when they are given a

vehicle injection, or no injection at all.

For this repeated measure analysis the independent variables were treatment

condition (no injection, vehicle, and GRF), time (hour 1, hour 2, hour 3), and diet flavour

(MixedHP-f and MixedpF-t), and the dependent variable was the amount consumed. This

analysis also revealed only a main effect of time F (2,16) = 29.505, p = .001. See

Appendix P for a complete ANOVA summary table. Follow up tests revealed that the

rats consumed significantly more of the mixed diets during hour 1 as oppose to hour 2

and hour 3. Figure 23 illustrates the nature of this effect
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Insert Figure 23

Thus, contrary to the initial hypothesis no significant differences were found

between GRF and vehicle administration with regards to mixed diet consumption. These

findings were unanticipated given that it was hypothesized that GRF administration

would selective increase intake of the HPCD as well as consumption of the mixed diet

with the flavour previously associated with the HPCD.

Histological verification of injection location showed that all cannulae were

placed within or close to the SCN/MPOA. Figure 24 shows the location of injection

points. Furthermore, the O.Spl injection droplet that was used diffuses approximately 1

mm from the injection point (Myers, 1971), so the drug should affect a larger area of

brain. Accordingly, it was appropriate to include data from all subjects in the foregoing

analyses.

Insert Figure 24

Discussion

Previous research has demonstrated that animals are able to compose nutritious

diets when they are allowed to select among separate sources of nutrients (Larue-

Achagiotis, Martin, Verger, Louis-Sylvester, 1992; Richter, 1942). It has also been

shown that rats can adapt their dietary selection patterns successfully in the face of

changing macronutrient requirements and availability (Booth, 1974; Anderson & Can,
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1979; Leathwood & Ashley, 1983; Piquard, Shaefer, & Habery, 1978). In particular, it

has been demonstrated that when access to dietary protein is restricted for a period of

time, rats selectively increase their consumption of a protein-containing diet when it

becomes available (DiBattista, 1991; Deutsch, Moore, & Heinrichs, 1989; Li &

Anderson, 1982). It is believed that rats are able to learn about the nutrient content of

food by attending to the consequences of its ingestion (Capaldi, 1996, Sclafani, 1990).

Furthermore, it has been shown that animals are able to associate various orosensory cues

with a food's nutrient content (Booth, 1974, Booth & Simson, 1971; DiBattista &

Mercier, 1999).

Accordingly, one major hypothesis of Experiment 2 was that rats would

successfully alter their dietary selection patterns in response to protein restriction. It was

speculated that rats kept on a NCMD would consume equal amount of the intermittently

presented HPCD and PFCD. However, it was hypothesized that rats kept on a PFMD

would selectively increase their intake of the HPCD. It was demonstrated that rats did in

fact selectively increase their consumption of the HPCD when kept on the PFMD.

Another hypothesis of this experiment was that rats would learn to associate a particular

marker flavour with the nutritional content of the diets. Results from this experiment

confirm that when the rats were maintained on a PFMD they did in fact selectively

increase their consumption of the MixedHP-rdiet. Although, the rats also increased their

consumption of the PFCD and the MixedpF-f the differential in the intake ofHPCD and

Mixednp-f was still greater. Furthermore, the reduction in intake of the number of

calories that accompanied being kept on the PFMD was compensated for by increase in

intake of the conditioning and mixed diets. Thus, it appears that the rats successfully
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learned about the nutrient content of the conditioning diets and were able to associate the

marker flavour with the diets. :.»'>••.

Another important factor involved in the control of protein intake is GRF. :
•

Previous research by Feifel and Vaccarino (1994) demonstrated that an injection ofGRF

into the SCN/MPOA causes a selective increase in protein consumption. Accordingly,

another major hypothesis of Experiment 2 was that intracranial injection ofGRF into the

SCN/MPOA would result in a selective increase in HPCD consumption. However, the

results of Experiment 2 failed to support these findings. In contrast, the administration of

GRF significantly reduced consumption ofHPCD during the first hour of testing as

compared to the no injection condition. In addition, no differences in the intake of the

HPCD were found between the GRF and vehicle condition. Although administration of

GRF reduced HPCD consumption it had no effect on PFCD consumption. Thus, even if

something inherent in the injection procedure caused a nonspecific suppression ofHPCD

intake, administration ofGRF did not attenuate this influence.

.

•

It was also speculated that if the rats had learned the association between a marker

flavour and protein intake, then GRF administration would result in a selective increase

in Mixednp-t consumption. Because GRF did not selectively increase HPCD consumption

it was not surprising that GRF also did not increase Mixednp-f intake. What was

interesting was that administration of GRF and vehicle did not reduce Mixednp-f

consumption as it had decreased HPCD consumption. ... . .lo-- :•

The failure to replicate results of previous research (Dickson & Vaccarino, 1994;

Vaccarino, Feifel, Rivier, Vale, & Koob, 1988) cannot be attributed to inaccuracy of the

injection points because histological examination showed that a sufficient number of
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cannulae were placed in the appropriate location. Furthermore, the method of injection,

nature of vehicle, and dose used in Experiment 2 were similar to those used by Dickson

and Vaccarino (19^4). As a result, the contrasting findings cannot simply be attributed to

differences in the injection procedure.

.: ^ . In addition, failure of the rats to selectively increase their consumption of the

HPCD and Mixednp-t diets following GRF administration cannot be attributed to the

animals not discriminating between the two conditioning and mixed diets. In Phase 1 of

Experiment 2 it was successfully demonstrated that the animals could differentiate

between both the conditioning diets as well as the flavoured mixed diets.

,
- Suggestions for future research

Because Experiments 1 and 2 failed to replicate previous findings that GRF

causes a selective increase in protein and that rats are able to learn association between

the orsosensory properties of a diet and the nutrient content, several aspects of the

experiment need to be considered. Since a selective decrease in the HPCD was found for

both the vehicle and GRF injections we need to once again reevaluate the solution used to

dissolve the GRF and the methods used to inject the drug. Because no changes were

found in PFCD intake as a result ofGRF and vehicle administration it appears that the

vehicle used in these experiments may be responsible for the decrease in HPCD.

Although the vehicle used in Experiment 2 was the same as that used by Dickson and

Vaccarino (1994) another vehicle solution may need to be considered.

'' • • M' .-;;'-d' - L •' _ . .. , r\
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Table 1

Experiment 1: Composition of diets as a percentage of total weigtit

' Conditioning Diets^

HPCD PFCD Mixed Diets^

Casein
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Table 2

Experiment 2: Composition of maintenance diets as a percentage of total weight

Protein Free

Maintenance Diets

Nutritionally Complete

Soy Protein'

Methionine"

Vegetable Oil"

Cornstarch*^

Vitamin mixture'

Mineral mixture^

Alphacel*^

20.0

74.0

1.5

3.5

1.0

24.5

0.5

20.0

49.0

1.5

3.5

1.0

' ICN Canada. Isolated soy protein contains 92% protein, 4.1% ash, 1% fat, plus fibre and moisture.

''ICN Canada. . . ...

^ Crisco oil, Procter and Gamble
"* AIN Vitamin Mixture 76, ICN Canada. Contains 97.3% sucrose.

® AIN Mineral Mixture 76, ICN Canada. Contains 1 1 .8% sucrose.
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Table 3

Experiment 2: Composition of diets as a percentage of total weight

Conditioning Diets^

HPCD PFCD Mixed Diets^

Casein
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Interaural 7.60 mm

Figure 1. Coronal section of the rat brain (Paxinos & Watson, 1986), which indicates the

projection sites that the growth hormone-releasing (GRF) neurons have projections to.

Immunohistochemical studies have shown that GRF neurons project to the paraventricular

nucleus of the hypothalamus (PVN) as well as to the median eminence (ME). This figure also

indicates the areas of the rat brain, which GRF will be administered to bring about a selective

increase in protein intake. The suprachiasmatic nucleus (SCN) and the medial preoptic areas

(MPOA) are two hypothalamic areas that contain GRF terminals, and the border between them

has been found to be the most responsive to GRF administration. Thus, GRF administration was

made on the border of the SCN/MPOA.
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H No injection
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Figure 5. Experiment 1 : Combined intake of conditioning diets (HPCD and PFCD) as a

function of treatment condition (no injection, vehicle, and GRF) and time (hour 1-3).

Each bar represents the combined average intake (+ SEM) of the two conditioning diets

during a one-hour period. Significant differences between treatment conditions are

indicated by different letters. Groups with the same letter are not significantly different.
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Interaural 7.60 mm

Figure 8. Experiment 1: Histological localization of injection points using a coronal

section of the rat brain (Paxinos & Watson, 1986). Black dots indicate the location

where the cannulae tips were placed and where the injections ofGRF and vehicle were

made. Dots represent the position of an injection point for each rat used in the study.

Injection points ranged from anterior interaural 8.20mm to posterior 6.88mm. Rats

had an injection made in both the left and right hemisphere. Analysis of the injection

points indicated that all cannulae were placed in or close to the desired location. As a

result, all the data was included in the subsequent analyses.
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Figure 10. Experiment 2, Phase 2, Weeks 3 and 4: Caloric intake (+

SEM) as a function of maintenance diet (NCMD and PFMD) and day
(day 1-3) for the last two weeks. Each bar represents the intake of

one of the maintenance diets for each day. Significant differences

between treatment conditions are indicated by different letters.

Groups with the same letters are not significantly different.
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Figure 12. Experiment 2, Phase 2, Weeks 1 and 2: Combined intake (+ SEM) of the

conditioning diets (HPCD and PFCD) as a function of maintenance diet (NCMD
versus PFMD) and day (day 1 - 3). Each bar represents the intake of one of the two

conditioning diets over a three day period while on one of the maintenance diets.

Significant difference between treatment conditions are indicated by different letters.

Groups with the same letter are not significantly different.
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D Mixed HP-f

Mixed PF-f
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Figure 15. Experiment 2, Phase 2, Weeks 1 and 2: Intalce of simultaneously present

mixed diets as a flinction of maintenance diet (NCMD and PFMD) for the first two

weeks. Each bar represents the intake (+ SEM) of one of the two mixed diet while

maintained on either the NCMD or PFMD. Significant differences between treatment

conditions are indicated by letters. Groups with the same letter are not significantly

different.
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Figure 16. Experiment 2, Phase 2, Weeks 3 and 4: Intake of conditioning diets as a

function of maintenance diet over a three day period for the last two weeks. Each bar

represents the total intake (+ SEM) of one of the two conditioning diets over a three

day period. Significant differences between treatment conditions are indicated by

letters. Groups with the same letter are not significantly diff'erent.
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Figure 20. Experiment 3, Phase 4: Intake of conditioning diets as a function of

treatment condition (no injection, vehicle, and GRF). Each bar represents the

intake (+ SEM) of one of the two conditioning diets following one of the three

treatment conditions. Significant differences between treatment conditions are

indicated by different letters. Groups with the same letter are not significantly

different.
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D No injection

Vehicle

0GRF

Figure 21. Experiment 3, Phase 4: Combined intake of conditioning diets as

a function of treatment condition (no injection, vehicle, and GRF) over a three

hour period. Each bar represents the intake (+ SEM) of one of the two

conditioning diets following one of the three treatment conditions during one
of the three hours. Significant differences between treatment conditions are

indicated by different letters. Groups with the same letter are not significantly

different. -
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Figure 22. Experiment 3, Phase 4: Combined intake of individually

presented mixed diets as a function of treatment condition (no

injection, vehicle, and GRF) over a three hour period. Each bar

represents the intake (+ SEM) of one of the two mixed diets following

one of the three treatment conditions during one of the three hours.

Significant differences between treatment conditions are indicated by

different letters. Groups with the same letter are not significantly

different.
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Interaural 7.60 mm

Figure 24. Experiment 2: Histological localization of injection points using a coronal

section of the rat brain (Paxinos & Watson, 1986). Black dots indicate the location where
the injection cannulae tips were placed and where the injections of GRF and vehicle were
made. Each dot represents the position of an injection point for each rat used in the study.

Injection points ranged from anterior interaural 8.74mm to posterior 7.20mm. Rats had an

injection made in both the left and right hemisphere. Analysis of the injection points

indicated that all cannulae were placed in or close to the desired location. As a result, all the

data was included in the subsequent analyses.
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Appendix A

Experiment 1: Summary of the eight Injection test conditions
^'

Hemisphere Drug

Left GRF

Vehicle

Right GRF

Vehicle

Diet

HPCD & PFCD

MixedHP.f & Mixedpp.f

HPCD & PFCD

MixedHP.f & MixedpF.f

HPCD & PFCD

MixedHP-f & MixedpF.i

HPCD & PFCD

MixedHP-f & Mixedpp.:

* Each rat was subjected to each one of these test conditions and the order of these

eight conditions was completely counterbalanced across days.
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Appendix B

Experiment 1: ANOVA Summary table for Intake of conditioning diets during Days 11 - 14 of
Phase 1

Source of variation Sum of Squares df Mean Square

Day
Error (Day)

Conditioning Diet

Error (Conditioning Diet)

Day * Conditioning Diet

Error (Day*Conditioning Diet)

0.475

4.031
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Appendix C

Experiment 1: ANOVA Summary table for intake of conditioning diets and mixed diets as a result

of hemispheric (left verus right) GRF administration

Source of variation Sum of Squares df Mean Square

GRF HPCD
Error (HPCD)

0.617

5.037

1

13

0.617

0.387

1.593

PFCD
Error (PFCD)

0.308

2.916

1

13

0.308

0.224

1.375

Mixednp.f

Error (MixedHP.f)

1.36

17.655

1

13

1.36

1.358

1.002

Mi)«dpF.f

Error (Mixedpp.f)

0.509

3.259

1

13

0.509

0.251

2.031

Vehicle HPCD
Error (HPCD)

0.0792

4.083

1

13

0.0792

0.314

0.252

PFCD
Error (PFCD)

0.0195

0fr4;

1

13

0.0195

0.0569

0.342

MixedHP.f

Error (Mixednp-f)

4.508

39.44

1

13

4.508

3.034

1.486

Mixedpp.f

Error (Mixedpp.f)

0.0213

3.266

1

13

0.0213

0.251

0.085

Note. * e < .05 fi<.01 E<.001
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Appendix D

Experiment 1: ANOVA Summary table for Intake of the conditioning diets as a function of treatment
condition and time

Source of variation Sum of Squares df Mean Square

Treatment

Error (Treatment)

Time

Error (Time)

Conditioning Diet

Error (Conditioning Diet)

Treatment * Time

Error (Treatment*Time)

Treatment * Conditioning Diet

Error (Treatment*Conditioning Diet)

Time * Conditioning Diet

Error (Time*Conditioning Diet)

Treatment * Time * Conditioning Diet

Error (Treatment*Time*Condltioning Diet)

5.86
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Appendix E

Experiment 1: ANOVA Summary table for the intake of the mixed diets as a result of treatment
condition and time

Source of variation Sum of Squares df Mean Square

Treatment

Error (Treatment)

Time

Error (Time)

Diet Flavour

Error (Diet Flavour)

Treatment * Time

Error (Treatment*Time)

Treatment * Diet Flavour

Error (Treatment*Diet Flavour)

Time * Diet Flavour

Error (Time*Diet Flavour)

Treatment * Time * Diet Flavour

Error (Treatment*Time*Diet Flavour)

0.603
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Appendix F

Experiment 2: Summary of the eight Injection test conditions

Hemisphere Drug

Left GRF

Vehicle

Right GRF

Vehicle

Diet

Mixed PF-f

Mixed HP.i

Mi;«dpF.f

Mixednp-i

HPCD & PFCD

Mixednp.f & Mixedpp.f

HPCD & PFCD

MixedHP.f & MixedpF.,

Note * Half the rats were subjected to each one of these test conditions and the

order of these eight conditions was completely counterbalanced across days. The

other half of the rats were also given the same drug injections and diets. However,

these rats were given the injection into the opposite hemisphere.



H



GRF and Protein 1 1

9

Appendix G

Experiment 2: ANOVA Summary table for caloric intake as a function of maintenance diet

Source of variation
'

Sum of Squares df Mean Square F

Weeks 1-2

29.215***

79.778***

0.577

Error (Maintenance Diet*Day) 274.624 38 7.227

Weeks 3-4 ^ -^
;^-' - .

91.246 1 91.246 10.095**

171.735 19 9.039

1012.753 2 506.377 113.610***

322.309 38 8.482

39.075 2 19.538 6.683**

148.2
^'

38 ^
3.9

Note. *e<.05 **fi<.01 *"e<.ooi

Maintenance Diet
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Appendix H

Experiment 2: ANOVA Summary table for intake of conditioning diets over a three day period
(first two weel(s)

Source of variation Sum of Squares df Mean Square

Maintenance Diet

Error (Maintence Diet)

Day
Error (Day)

Conditioning Diet

Error (Conditioning Diet)

Maintenance Diet * Day
Error (Maintenance Diet*Day)

Maintenance Diet * Conditioning Diet

Error (Maintenance Diet*Conditioning Diet)

Day * Conditioning Diet

Error (DayXonditioning Diet)

Maintenance Diet * Day * Conditiong Diet

Error (Maintenance Diet*Day*Conditioning Diet)

63.695
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Appendix I

Experiment 2: ANOVA Summary table for intake of the conditioning diets as a function of

maintenance diet (first two weel(s)

Source of variation Sum of Squares df Mean Square

Conditioning Diet

Error (Conditioning Diet)

Maintenance Diet

Error (Maintenance Diet)

Conditioing Diet* Maintenance Diet

Error (Conditioning Diet*Maintenance Diet)

62.216

25.997
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Appendix J

Experiment 2: ANOVA Summary table for intake of the mixed diets as a function of maintenance diet

(first two weel(s)

Source of variation Sum of Squares df Mean Square

Diet Flavour

Error (Diet Flavour)

Mai.ntenance Diet

Error (Maintenance Diet)

Diet Flavour * Maintenance Diets

Error (Diet Flavour*Maintenance Diets)

121.377

75.402
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Appendix K

Experiment 2: ANOVA Summary table for Intake of conditioning diets as a function of maintenance
diets over a tiiree day period (last two wee/rsj

Source of variation Sum of Squares df Mean Square

Maintenance Diet

Error (Maintence Diet)

Day

Error (Day)

Conditioning Diet

En^or (Conditioning Diet)

Maintenance Diet * Day

Error (Maintenance Diet*Day)

Maintenance Diet * Conditioning Diet

Error (Maintenance Diet*Conditioning Diet)

Day * Conditioning Diet

Error (Day*Conditioning Diet)

Maintenance Diet * Day * Conditiong Diet

Error (Maintenance Diet*Day*Conditioning Diet)

66.876
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Appendix L

Experiment 2: ANOVA Summary table for intake of the simultaneously presented mixed diets as a

function of maintenance diet (last two wee/csj

Source of variation Sum of Squares df Mean Square

Diet Flavour 152.297 1 152.297 38.185'

Error (Diet Flavour)

Maintenance Diet 3.925 1 3.925 9.302*

Enror (Maintenance Diet)

Diet Flavour * Maintenance Diet 3.073 1 3.073 4.843*

Error (Diet Flavour*Maintenance Diet)

Note. *e<.05 **e<.01 ***B<001

152.297

75.78
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Appendix M

Experiment 2: ANOVA Summary table for the individually presented mixed diets as a function of
maintenance diet (last two weeks)

Source of variation Sum of Squares df Mean Square

Diet Flavour

Error (Diet Flavour) '

Maintenance Diet

Error (Maintenance Diet)

Diet Flavour * Maintenance Diets

Error (Diet Flavour*Maintenance Diets)

50.387

127.111
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Appendix N

Experiment 2: ANOVA Summary table for intake of conditioning diets as a function of treatment
condition and time

Source of variation Sum of Squares df Mean Square

Conditioning Diet

Error (Conditioning Diet)

Time

Error (Time)

Treatment

Error (Treatment)

Conditioning Diet * Time

Error (Conditioning Diet*Time)

Conditioning Diet * Treatment

Error (Conditioning Diet*Treatment)

Time * Treatment

Enror (Time*Treatment)

Conditioning Diet * Time * Treatment

Error (Conditioning Diet*Time*Treatment)

0.81
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Appendix

Experiment 2: ANOVA Summary table for Intake of the Individually presented mixed diets as a
function of treatment condition and time

Source of variation Sum of Squares df Mean Square

Diet Flavour

Error (Diet Flavour)

Time

Error (Time)

Treatment

Error (Treatment)

Diet Flavour * Time

Error (Diet Flavour*Time)

Diet Flavour * Treatment

Error (Diet Flavour*Treatment)

Time * Treatment

Error (Time*Treatment)

Diet Flavour * Time * Treatment

Error (Diet Flavour*Time*Treatment)

6.033
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Appendix P

Experiment 2: ANOVA Summary table for intake of the simultaneously presented mixed diets as a
function of treatment condition and time

Source of variation Sum of Squares df Mean Square

Diet Flavour

Error (Diet Flavour)

Time

Error (Time)

Treatment

Error (Treatment)

Diet Flavour * Time

Error (Diet Flavour*Time)

Diet Flavour * Treatment

Error (Diet Flavour*Treatment)

Time * Treatment

Error (Time*Treatment)

Diet Flavour * Time * Treatment

Error (Diet Flavour*Time*Treatment)

3.079
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