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ABSTRACT 

Several feeding-related factors can affect taste sensitivity or 

preferences and therefore may be part of a homeostatic regulatory mech

anism. Cholecystokinin (CCK) , a hormonoe which reduces food intake in 

several species, has also been postulated to interact with the orosen

sory characteristics of food. To test this hypothesis, the effects of 

CCK-8 and food deprivation on the short-term intakes of water, sucrose 

solutions (0.05 to 1.0 M), and saline solutions (0.05 to 0.15 M) were 

determined. 

In most cases, CCK (2 ~g/kg) reduced sucrose intake when mea

sured either as the amount consumed or the number of licks in a short 

period (nine minutes). Additionally, CCK reduced the intake of 0.15 M 

NaCl in satiated rats and water intake in both hungry and satiated rats. 

Rats usually consumed more sucrose when hungry than when satiated or fed 

ad libitum; CCK-induced suppression of intake, however, was generally 

greater in the satiated or ad libitum conditions than in the hungry con

dition. There was no systematic effect of sucrose concentration on the 

amount of CCK-induced suppression of intake, which suggests that CCK 

regulates rather than interferes with ingestion. 

To determine whether the CCK-induced suppression is due to a 

change in the peripheral taste signal, the integrated chorda tympani 

responses to sucrose and NaCl tastes were recorded in rats anesthetized 

with either urethane, Innovar-Vet, or a combination of urethane and 

vii i 
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alpha-chloralose. The only significant effect of CCK was the slight 

increase in the initial response to 0.3 M sucrose after the infusion of 

a total of 10 ~g of CCK-8 into rats anesthetized with Innovar-Vet. In 

general, therefore, the effect of CCK on sucrose intake does not appear 

to be due to a peripheral taste change; an analysis of single taste 

fibers, however, would be more conclusive. An examination of the effects 

of CCK on central gustatory and reward areas might yet provide a mech

anism for the CCK effect on taste-motivated ingestion. 



CHAPTER 1 

INTRODUCTION 

The sense of taste can strongly influence the selection and the 

amount of a substance consumed. For example, laboratory rats will im

mediately reject quinine solutions at very weak concentrations. Animals 

can learn to avoid certain liquids and foods on the basis of taste 

(Garcia, Kimeldorf, and Koelling, 1955; Revusky, 1968). Conversely, 

rats can also learn a preference for a particular taste. Zahorik, 

Maier, and Pies (1974) found that rats prefer a flavored solution that 

is paired with recovery from a thiamine deficiency over another flavor 

that is normally equally preferred. It has also been shown that rats 

consume increasing amounts of food as palatability increases (Corbit 

and Stellar, 1964). As an example, in a 24-hour period some rats will 

consume a glucose and saccharin solution in excess of their body weight 

(Valenstein, Cox, and Kakolewski, 1967). 

It has been shown that an intestinal infusion of glucose reduces 

the subsequent intake of a glucose solution more than it reduces the 

intake of a more palatable sweetened milk solution (Campbell and Davis, 

1974). Thus, the intake of a highly palatable food is less influenced 

by a satiety signal. On the other hand, sweet taste itself may provide 

a satiety signal on a short term basis. It has been found that if rats 

were allowed to ingest six ml of a glucose or saccharin solution, they 
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consumed less glucose in a subsequent 20-minute test period than when 

six ml of water were ingested prior to the test (Hsiao and Tuntland, 

1971). Under some conditions, the intake of saccharin and glucose solu

tions is both initiated and terminated strictly by oropharyngeal fac

tors (Mook et al., 1980). Taste, therefore, can be an important 

regulatory factor in the control of ingestion. 

It is well known that altered physiological and metabolic states 

can affect taste preferences or behavioral taste thresholds in various 

ways, sometimes to homeostatic advantage. For examples, salt-deficient 

rats have a lower salt preference threshold than do controls (Bare, 

1949), and humans with adrenocortical insufficiency have decreased 

thresholds to sweet, sour, salty, and bitter tastes (Henkin, Gill, and 

Bartter, 1963). Copper deficiency has also been found to change taste 

acuity (Henkin, Graziadei, and Bradley, 1969). In many conditions, the 

resulting taste changes may aid the organism in matching food intake to 

the metabolic needs of the body. 

Food intake itself can alter taste preferences or sensitivities. 

Campbell (1958) has shown that satiated rats have decreased taste acuity 

(as determined by preference testing) compared to hungry rats. Cabanac 

and Duclaux (1970) found that normal human subjects rated sucrose solu

tions more pleasant before, as opposed to after, ingestion of a standard 

glucose solution. They also showed that this reduction in pleasantness 

did not occur to the same degree in obese subjects. This effect has 

been termed "all iesthesia" (Cabanac, 1971). Conversely, Briese and 

Quijada (1979) found that insulin injections increased the reported 
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pleasantness of sucrose solutions. Therefore it appears that the level 

of blood glucose can affect the hedonic value of some tastes. 

Gustatory Neuroanatomy 

The following summary of the neuroanatomy of the gustatory sys

tem is presented as a background for understanding how taste acuity may 

be altered and how the changes might affect subsequent food intake. 

Much of the section on central gustatory pathways is abbreviated from a 

more extensive review by Norgren (1977). 

The gustatory receptors, taste buds, are mainly, but not exclu

sively, located within the epithelial covering of three of the four 

types of lingual papillae. The following description of these papillae 

is modified in large part from Weiss and Greep (1977). 

Fi 1 iform (llthread-l ikell ) papi llae have a connective tissue core 

and a heavily cornified epithelial covering, in which the surface squa

mous cells have become hard scales containing shrunken nuclei (Bloom and 

Fawcett, 1975). They are the most numerous of the four types of papil

lae and are arranged in rows on the dorsal surface of the tongue, but 

they have no taste buds. Fungiform (Ilmushroom-l ikell ) papi llae, which 

are scattered among the filiform papillae, have a dome-like appearance 

and a non·cornified epithelial covering. Circumvallate papillae, of 

which the human tongue has from six to twelve, are arranged along a V

shaped line, with the apex of the V pointing posteriorly. This line of 

papillae divides the tongue into anterior and posterior regions. A 

circumvallate papilla resembles a fungiform papilla, but is perhaps 

four to five times greater in diameter. Each circumvallate papilla is 



surrounded by an invagination that forms a deep trench or "moat" around 

it with an adjoining wall; it is the presence of this wall or rim, which 

is lower than the papilla itself, that is the basis for its name. 

Foliate ("folded") papillae are found on the lateral surfaces of the 

tongue, but are not well-developed in man (Weiss and Greep, 1977). 

Additional taste buds are found on the soft palate and palatal 

arches (e.g., the glossopalatine arch), posterior wall of the pharynx, 

a small region of the upper larynx, and on the posterior surface of the 

epiglottis (Bloom and Fawcett, 1975). 

Thus taste buds are found in several regions, both on the tongue 

and in more posterior regions of the oral cavity. In general, three 

regions can be identified on the basis of innervation: the anterior 

two-thirds of the tongue, bearing the fungiform and the more lateral 

foliate papillae, and innervated by the sensory root of the VII (facial) 

cranial nerve; the posterior one-third of the tongue, bearing the cir

cumvallate papillae, and innervated by the IX (glossopharyngeal) cranial 

nerve; and the epiglottal region, bearing scattered taste buds on non

papilliform regions of epithelium and innervated by the X (vagus) cra

nial nerve. In man, the most important of these regions is that of the 

circumvallate papillae; thus the glossopharyngeal nerve is man's most 

important taste nerve. 

Taste buds are oval~shaped groups of cells contained within the 

epithelial covering of those papillae or other regions in which they are 

found. When located in papillae, they are generally located on the 

lateral walls. 
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Many important species differences have been noted in the dis

tribution of taste buds. While human fungiform papillae may bear 

several taste buds (Rhodin, 1974), the fungiform papillae in the rat 

usually have just one taste bud apiece (Bradley, 1971). In humans, 

taste buds are located primarily in circumvallate and foliate papillae 

(Weiss and Greep, 1977), but in rabbit~ they are concentrated mainly in 

the foliate type (Bloom and Fawcett, 1975). Rodents and lagomorphs have 

only one to three circumvallate papillae (Bradley, 1971), while humans 

have from six to twelve (Weiss and Greep, 1977). A comprehensive re

view of species variation in lingual taste bud topology appears in 

Bradley (1971). 

Over each taste bud is the taste pore, a small opening in the 

surface epithel ium. This pore is continuous with the taste pit, a de

pression at the top of the taste bud (Murray, 1973). The taste pit of 

rabbit foliate taste buds is filled with a dense material believed to 

be a product of one of the several cell types (see below) in the taste 

bud (Murray, 1973). The substance in the pit of the rabbit fungiform 

taste buds, however, has a more vesicular structure (Murray, 1973). 

Although there are some minor differences, taste buds appear 

to be simi lar in different species (Graziadei, 1969). In the rabbit 

foliate taste bud, Murray (1973) has described four types of cells, one 

of which is believed to be a basal supporting cell. The other three 

types of cells send microvilli or slender pegs either into or beyond 

the dense substance of the pit. Tight junctions between these cells 

prevent taste substances from directly stimulating nerve endings 
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(Murray, 1973). One type of cell has conventional synaptic contacts 

with nerve endings and is believed to be a gustatory receptor; nerve 

fibers end in grooves in the surface of this type of cell, or are more 

deeply invaginated such that they are surrounded by the cytoplasm of 

the cell (Murray, 1973). The other types of cells have contacts with 

nerve endings, but the contacts are not. as well defined; nerve endings 

on these cells may have a trophic function (Murray, 1971). It has been 

shown that innervation by taste nerves is necessary for the formation 

and maintenance of taste buds in the rat (Oakley, 1972). 

Using radioactive thymidine labelling, Beidler and Smallman 

(1965) have shown that rat taste bud cells are in a state of constant 

turnover, with the average lifespan being approximately ten days. 

Synaptic contacts, therefore, must also be continually reestablished. 

As stated above, gustatory fibers are found in the facial 

(seventh), glossopharyngeal (ninth), and vagus (tenth) cranial nerves 

(CN's). Whatever cranial nerve they arrive i~, all of these aff~rent 

fibers terminate in the rostral part of the nucleus of the solitary 

tract (NTS); this area is often referred to as the gustatory nucleus 

(Carpenter, 1978; Pfaffman, 1959). These inputs terminate in rostro

caudal order in the NTS, with the fibers of CN VII being rostral, the 

fibers of CN IX intermediate in position, and those of CN X most caudal 

(Torvik, 1956). Thus the NTS contains a somatotopic representation of 

the tongue. 

In the facial nerve, it is specifically a small branch, the 

chorda tympani, that contains gustatory fibers. This nerve branches 



off the facial nerve, passes through the middle ear cavity, and joins 

the lingual nerve before it reaches the tongue (Pfaffman, 1959). 

7 

Where the central components of the gustatory pathway lead is 

not as well known as the peripheral routes. Some authors have written 

that secondary taste fibers ran directly from the NTS to the thalamus 

(Carpenter, 1978; Jensen, 1980). In the rat, however, it has been shown 

that fibers from the NTS ascend ipsilaterally via the brain stem reticu

lar formation and terminate in the two parabrachial nuclei (adjoining 

the medial and lateral edges of the brachium conjunctivum) in the pons 

(Norgren and Leonard, 1971, 1973; Norgren, 1978). From the parabrachial 

nuclei, taste fibers project bilaterally to the thalamus via the central 

tegmental tract, a complex bundle containing many ascending and descend

ing fibers of other subsystems (Norgren and Leonard, 1971; Norgren, 

1976). In the thalamus, the medial part of the nucleus ventralis (ven

trobasal complex) receives gustatory input (Ables and Benjamin, 1960; 

Oakley and Pfaffman, 1962; Norgren and Leonard, 1973). Projection 

neurons of this nucleus send axons to the cerebral cortex. In the rat, 

there are two gustatory cortical areas. Both are dorsal to the rhinal 

sulcus; one is anterior and the other posterior to the middle cerebral 

artery (Yamamoto and Kawamura, 1977). In the human, the gustatory 

cortex is located in the parietal opercular·insular area (Jensen, 1980). 

There is some evidence that some taste fibers from the para

brachial nuclei reach the forebrain without synapsing in the thalamus. 

In the rat, Norgren and Leonard (1973) and Norgren (1974) have shown 

some taste fibers originating in the pons that travel upward in ventral 
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regions of the brain stem to distribute to the anterior subthalamus, 

dorsolateral hypothalamus, and substantia innominata at the base of the 

forebrain. Norgren (1976) has shown that some of the col laterals given 

off by these fibers terminate in the central nucleus of the amygdala 

and possibly in the interstitial (bed) nucleus of the stria terminal is. 

Thus, in the rat there appears to be a pontine input into the limbic 

system; such input might facilitate the integration of taste with 

olfactory, visceral and endocrine signals related to feeding. Norgren 

et al. (1980), however, recently reported that this direct ventral pro

jection is not found in primates. They found that in the monkey, taste 

fibers from the NTS ascend directly to the thalamus. 

Sensory Modulation 

It is well established that in some sensory modalities, affer

ent activity can be modulated. This modulation could be of several 

types. 

An obvious type of sensory modulation is one which reduces the 

amount of energy that reaches the receptor without altering receptor 

sensitivity. For example, pupillary construction and dilation alter 

the amount of light that reaches the retina, but do not directly affect 

the sensitivity of the rods and cones. Another example is the gamma 

efferent system; it adjusts the length of muscle spindles such that the 

stretch receptors are more or less affected by a muscle stretch, but it 

does not act directly upon the receptor endings. Similarly, contraction 

of the tensor tympani and stapedius muscles, innervated by the trigemi

nal and facial nerves, respectively, limit the amount of energy that 



reaches the hair cells in the cochlea, but do not affect hair cell re

sponse per se (as the VI 11th nerve does; see below). 

9 

A second type of sensory modulation does affect the sensitivity 

of the receptor by a direct feedback system. An excellent example is 

found in the auditory system. The olivocochlear bundle is composed of 

efferent fibers from the superior olivary complex; in the sensory 

periphery, these fibers synapse on cochlear hair cells, thereby reducing 

activity in the auditory nerve. 

A third type of sensory modulation has nothing to do with the 

amount of energy arriving or receptor responses to it; it is purely 

central. In illustration, some fibers from sensorimotor cortex termi

nate in nuclei gracilis and cuneatus and affect the patterns of impulses 

transmitted rostrally in the posterior white (dorsal) columns (Brodal, 

1981) . 

A sensory control system has been postulated to modify gustatory 

information peripherally, but the type of modulation (as described above) 

and its mechanism of action (presynaptic inhibition, postsynaptic facil

itation, etc.) are unknown. In the following sections, the evidence for 

such a system and its possible mechanisms will be considered. 

Taste Modulation by Visceral and Neural Factors 

Several visceral factors possibly influencing taste responses 

have been studied over the years. Esakov (1961) reported that disten

tion of the frog stomach increased the lingual nerve response to stimu

lation of the tongue with saline or water; the response to quinine, 

however, was unchanged. Conversely, gastric instillation (by 
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intubation) of 0.5 ml of peptone sclution decreased the nerve response 

to stimulation of the tongue with saline or water. Using toads, Brush 

and Halpern (1970) found that the glossopharyngeal nerve response to 

the lingual application of saline increased after stomach distention, 

while the response to quinine HCl decreased. The response to dextrose 

was unchanged. Since the effect of distention was abolished when both 

glossopharyngeal nerves were cut central to the recording electrode, 

the authors concluded that this nerve contains efferent fibers that 

affect taste input. 

Sharma, Dua-Sharma, and Jacobs (1975) found that in well-fed 

frogs, gastric distention inhibited activity in the glossopharyngeal 

nerve following stimulation of the tongue with glucose or NaCl. 

In hungry frogs, however, distention facilitated the nerve response to 

the same stimuli. They further found that these inhibitory and facil-

itatory effects were mediated by vagal and cervical sympathetic path-

ways, respectively. These findings are important in that they directly 
~. 

implicate level of hunger in the modulation of taste input. 

Recording from neurons in the NTS of the rat, Glenn and Erickson 

(1976) found a decreased response to stimulation of the tongue following 

gastric distention. In humans, Zaiko and Lokshina (1963) measured the 

number of active taste papillae before and after delivery of a meal 

directly into the stomach by intubation through a gastric fistula. They 

found that this intubation reduced the number of active papillae. Thus, 

distention of the stomach and hunger level appear to affect first and 

second order neurons in the gustatory system. 
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The mechanism by which stomach distention or level of hunger 

can affect taste appears to depend on neural efferents. For example, 

Hellekant (1971a) found that efferent activity in the rat chorda tym

pani was decreased by distention of the stomach. Earlier, he also 

demonstrated that some of these efferents went to the tongue, rather 

than the salivary glands or other stru~tures (Hellekant, 1971b). In 

this connection, Glenn and Erickson (1976) have postulated that gastric 

distention modulates the sensitivities of taste receptors by depolariza

tion or hyperpolarization of receptor membranes. On the other hand, 

Farbman and Hellekant (1978) have concluded that few, if any of the 

efferents in the chorda tympani actually synapse on taste cells in rat 

fungiform papillae. Hellekant (1977) did demonstrate, however, vaso

dilator efferents in the chorda tympani. He had shown earlier 

(Hellekant, 1971c) that alterations in blood flow can change taste 

sensitivity. 

Outwater and Oakley (1981) found that intravenous infusion of 

cholinergic blocking agents facilitated the glossopharyngeal nerve re

sponse to ammonium chloride taste in the gerbil. But when the nerve was 

cut central to the recording site, however, the effect disappeared. 

They postulated an efferent system having an inhibitory effect on taste. 

Whether this effect is mediated via vascular changes is not known. It 

would seem, however, than in those cases where the response to one taste 

is affected more than that to other tastes, a direct alteration of re

ceptor sensitivity is more likely. Changes in blood flow would probably 

have a more general effect. 
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Metabolic and Nutritional Factors 

As mentioned earlier, certain metabolic and nutritional abnor

malities can also affect the sensitivity of the taste system. For 

example, zinc deficiency causes a decrease in the chorda tympani re

sponse to all four basic tastes (Catalanotto, Frank, and Contreras, 

1981). These authors suggest that the decrease is due to hyperkeratin

ization of taste papillae, thereby reducing access of the tastant to 

the taste pore. In patients with adrenocortical insufficiency 

(Addison's disease), Henkin, Gill, and Bartter (1963) found a decreased 

threshold to the four basic tastes. 

Richter (1939) found that salt-deficient rats had a lowered 

preference threshold to sodium chloride solutions. Several attempts, 

however, to find a corresponding change in the response of the chorda 

tympani were unsuccessful (Nachman and Pfaffman, 1963; Pfaffman and 

Bare, 1950). With an analysis of single fibers, however, Contreras 

(1977) did show a decreased response to salt tastes to salt-deficient 

rats. Later, Contreras and Frank (1979) reported a decrease in the 

integrated chorda tympani NaCl response in salt-deficient rats. They 

cite a number of reasons why earlier experiments might have failed to 

find this effect. These include method of inducing salt deficiency, 

choice of standard reference response, and choice of anesthetic 

(Contreras and Frank, 1979). Glenn and Erickson (1976) suggested that 

since the experiments of Pfaffman and Bare (1950) were performed with 

cut chorda tympani nerves, the effect of sodium deficiency would be 

eliminated if it were dependent on neural efferents in the nerve. The 
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data of Contreras and Frank (1979), however, were obtained with cut 

nerve preparations which suggests that the effect of salt-need on taste 

is not mediated via a direct neural route. 

Hormonal Factors 

Since two feeding-related factors (distention and level of hun

ger) have been shown to affect peripheral taste responses, it is possi

ble that other sequelae of feeding also affect the taste system. These 

changes in sensitivity may be part of the mechanism by which feeding is 

eventually terminated. A logical inference would be that the mechanism 

included some kind of circulating factor or hormone. Cholecystokinin 

(CCK) is a hormone which reduces food intake in several species and has 

been postulated to be a natural sateity hormone (see Smith et al., 

198Ia). Since several reports suggest that CCK may interact with oro

sensory stimulation to reduce intake (Waldbillig and Bartness, 1982; 

Gosnell and Hsiao, 1981a; Antin, Gibbs, and Smith, 1978), it too may 

affect taste at the peripheral level. In the following sections, CCK 

and its possible role as a satiety hormone will be considered. 

Cholecystokinin 

Cholecystokinin (CCK), a peptide, is a gastrointestinal hormone 

that has some structural similarities to the gastric peptide hormone, 

gastrin (Ganong, 1977). It is secreted by the intestinal mucosa upon 

entrance of amino acids and fat into the small intestine. Carried by 

the bloodstream, it enhances duodenal peristalsis, causes contraction 

of the gall bladder, and stimulates the secretion of pancreatic 
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digestive enzymes (Ganong, 1977). In a thorough review of CCK research, 

Morley (1982) has listed hyperglycemia, hypothermia, catalepsy, and 

analgesia as other reported effects of CCK and its analogs. Addition

ally, CCK has fairly recently been found in various parts of the nervous 

system and is believed to be a neurotransmitter in some cases (see 

Rehfeld et al., 1979). 

CCK was shown to reduce food intake in rats (Gibbs, Young, and 

Smith, 1973a, 1973b); this finding has since been extended to several 

species, including man (Stacher et al., 1982; see reviews by Mueller 

and Hsiao, 1978; Smith et al., 1981a; Morley, 1982). Because the admin

istration of CCK also elicits the behavioral sequence that follows nor

mal satiety, it has been suggested that the hormone is a natural satiety 

signal (Antin et al., 1975). It has been shown that sham-feeding rats 

take larger meals (Kraly, Carty, and Smith, 1978a) or do not become 

satiated (Young et al., 1974). Also, it is known that CCK treatment 

after a meal can delay the onset of the next meal (Hsiao, Wang, and 

Schallert, 1979). When sham-feeding rats are given injections of CCK, 

both meal size and inter-meal interval become normal (Kraly et al., 

1978b). Antin et al. (1978) found a direct relationship between the 

satiating effect of CCK and the amount of sham-feeding that occurred 

prior to the injection. They concluded that pre-gastric cues (such as 

taste, smell, and chewing) and CCK act synergistically to produce 

satiety. 



Distribution and Forms of CCK 
in the Nervous System 
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CCK in its several forms is found in many parts of the nervous 

system, particularly the cerebral cortex and caudate nucleus (Lamers 

et al., 1980; Beinfeld et al., 1981). Using radioimmunochemical tech-

niques with the guinea pig brain, Larsson and Rehfeld (1979) found the 

peptide to have lengths of 4, 8, 12, and 33 amino acids (referred to as 

CCK-4, etc.). It is not known which lengths represent true biological 

transmitters or hormones, but it is believed that the larger forms are 

precursors for the more active smaller ones (Rehfeld et al., 1979). 

Straus and Yalow (1979) reported a lower concentration of CCK in the 

brains of genetically obese mice, but others have not found this reduc-

tion (see review by Morley, 1982). It has been suggested that the com-

plexity of CCK assay techniques might account for some of the 

discrepancies from different labs (Morley, 1982). 

CCK-4 has been found in nerve terminals in the pancreas 

(Rehfeld et al., 1980), and CCK receptor substances (i.e., pharmacologic 

receptors) have been shown to flow proximodistally in the rat vagus 

nerve (Zarbin et al., 1981). This latter finding provides a possible 

mechanism by which afferent vagal fibers might be able to carry a CCK 

message to the brain. 

Possible Sites of Action in Satiety 

As concerns satiety, the possible site of action of CCK is un-

known, and in fact there may be several sites. Smith et al. (1981b) 

reported that gastric vagotomy abolishes the CCK satiety effect in rats; 
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therefore, they postulated a peripheral site of action. This idea is 

supported by Nemeroff et al. (1978), who found that intracerebroventri

cular (i.c.v.) injections of CCK were no more effective than intra

peritoneal (i.p.) injections in reducing intake (but see criticism by 

Morley, 1982). However, Anika, Houpt, and Houpt (1977) reported that 

vagotomy had no effect on CCK-induced suppression of feeding, and 

Maddison (1977) reported that i.c.v. infusions of CCK were effective in 

reducing bar-pressing for food in rats (however, the time course of the 

effect was longer). On the other hand, Dela-Ferra and Baile (1979) 

have found CCK to be quite effective in suppressing feeding in sheep 

when infused i.c.v., and have shown that i.c.v. infusions of CCK anti

body actually increase food intake (Dela-Ferra et al., 1981). Similar-

ly, Parrott and Baldwin (1981) have shown that i.c.v. infusions of CCK 

reduce food, but not water, intake in pigs. Thus, while there may be 

species differences, the evidence for a peripheral site of action for 

the CCK satiety effect is not conclusive. 

Motor Effects 

In theory, at least, CCK might reduce intake by acting at sen

sory, central, or motor levels. The findings, however, that CCK does 

not reduce water intake in rats or pigs (Mueller and Hsiao, 1977; 

Parrott and Baldwin, 1981) suggest that its satiety effect is not due 

to a generalized motor impairment. If this were the case, the ingestion 

of all substances would be impaired. Yet, one report (Koopmans, 

Deutsch, and Branson, 1972) has shown that water intake in mice is 

reduced following CCK administration. Another study which implicates 



motor effects is that by Crawley et al. (1981); they found that CCK 

reduced exploratory behavior in the mouse and rat. Therefore, it is 

possible that reduced food intake is simply the result of decreased 

activity. 

Work in progress by a fellow student in this laboratory sug

gests that CCK may impair the rat1s abi'lity to lick at a spout. 
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Spencer (unpublished) has found that following an i.p. injection of 

CCK, there is a significantly greater number of inter-lick intervals 

that are roughly twice as long as normal. He has also observed that 

CCK-treated rats approach the spout and obviously try to lick, but 

appear unable to protrude their tongues far enough outside the cage to 

make contact with the spout. Similarly, a seven peptide fragment of 

CCK has been found to produce rotatory movements of the animal and 

other motor abnormalities when injected into the ventricles of rats 

(Mann, Boucher, and Schiller, 1980). The issue of motor effects of CCK 

is unsettled, however, since others (Antin et al., 1975) have observed 

no unusual behavioral effects of CCK. 

Malaise as a Possible Effect 

It has been suggested that CCK reduces intake by causing sick

ness in the rat, thereby reducing its motivation to eat. Deutsch and 

Hardy (1977) created a conditioned taste aversion to a novel flavor by 

injecting rats with CCK after giving them access to the flavor. They 

concluded that the aversion was due to sickness or nausea caused by the 

CCK. This conclusion is supported by the occasional reports of nausea 

by human subjects following intravenous (i.v.) CCK infusions (Greenway 
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and Bray, 1977). Holt et a1. (1974), however, could not produce a taste 

aversion with CCK injections and concluded that the CCK inhibition of 

feeding is not due to sickness. Based on the lack of reported toxic 

effects of CCK, the unsuccessful attempts to produce a taste aversion 

with CCK, and the lack of effect on meal pattern, Mueller and Hsiao 

(1978) concluded that sickness or malaise is not the cause of the sup

pressive effect on feeding. At this point, ~he discrepancies in the 

literature have not been resolved. 

Motivational Effects 

It is possible that the CCK effect is due to a central reduction 

in hunger drive or arousal related to the nutritional state induced by 

food deprivation. It was found, however, that CCK is not effective in 

reducing food-seeking in the absence of actual food ingestion (Gosnell 

and Hsiao, 1981). Additionally, CCK reduces food intake in rats that 

are not food deprived. When milk ingestion is induced by the injection 

of hypertonic saline, CCK is effective in reducing milk intake (Mueller 

and Hsiao, 1979). CCK also reduces sucrose intake in rats fed ab 

libitum (Wa1dbi11ig and 0'Ca11aghan, 1980). Since the presence of a 

hunger state is not necessary for CCK to be effective in reducing in

take, it is unlikely that a reduction of some central state of hunger 

is the mechanism by which CCK has this effect. 

Sensory Effects 

In humans, it has been reported that CCK reduces activation (a 

term for general arousal, as measured by self-report) more in the 
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presence than in the absence of food-related cues (Stacher, Bauer, and 

Steinringer, 1979). In water deprived rats, CCK suppresses milk intake 

but not water intake (Mueller and Hsiao, 1977). Therefore, the sensory 

cues related to feeding may be an important determinant of the effects 

of CCK. 

There is some evidence that CCK may affect taste preferences. 

Waldbillig and O'Callaghan (1980) reported a reduced intake of sucrose 

in non-deprived rats following CCK injections. Since this effect was 

apparent during the first three minutes of access to sucrose, they sug

gested that CCK alters the hedonic value of the taste. Waldbillig and 

Bartness (1982) measured the effect of CCK on the intakes of three 

different concentrations of sucrose and reported that the suppression 

due to CCK increased with sucrose concentration. They hypothesized 

that CCK becomes more effective in reducing intake as the substance be

comes more "food-like." Similarly, in the author's lab, the effects of 

CCK on the preference for a wide range of sucrose concentrations were 

tested (Gosnell, unpubl ished). CCK injection reduced the number of 

licks at a spout when the higher concentrations were given. Since the 

rats were licking for one minute or less, it is unlikely that the post

ingestional consequences of sucrose were affecting the data. 

Since CCK appears to suppress the intake of some solutions more 

than others, and the amount of suppression may depend in part on the 

taste of the solution, it is possible that CCK alters the preference 

or the taste of some solutions more than others. 
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Rationale for Experiments 

The literature reviewed above shows that taste can be affected 

by various factors related to feeding. CCK is also a feeding-related 

factor and is thought to affect the "hedonic" aspect of sweet taste 

(Waldbillig and O'Callaghan, 1980). The following series of experiments 

was designed to measure wheth~r CCK (rn the form of CCK-8) affects 

taste preference or sensitivity. 

The intakes of several sucrose and saline solutions were mea

sured with two methods that have been shown to reflect palatability. 

The effects of CCK and huriger state on these measures were determined 

to test the hypothesis that CCK reduces palatability. It was hypoth

esized that the effect of CCK might vary according to the concentration 

of the solution. Further, preference for the various solutions was ex

pected to be less in satiated than in hungry rats. 

The expected preference changes shown in the intake experiments 

could be the result of changes at central or peripheral levels. To 

determine whether the effect was at the peripheral level, the integrated 

chorda tympani responses to several taste stimuli were recorded with 

standard electrophysiological techniques for peripheral nerve recording. 

As mentioned earlier, the chorda tympani contains fibers that innervate 

taste buds on the anterior part of the tongue. Diamont et al. (1965, 

p. 68) have stated that lithe summated response of the whole chorda 

tympani nerve is a valid and relevant measure of taste activity." 

Taste response amplitudes were measured both before and after 

the i.v. infusion of CCK or saline. It was hypothesized that the size 



of the integrated response would be affected by the infusion of CCK. 

Since efferent impulses in the chorda tympani have been shown to be 

sensitive to the type of anesthetic used (Hellekant, 1971b), the 

effects of CCK on integrated taste responses were measured with three 

different methods of anesthesia (urethane, a combination of urethane 

and alpha-chloralose, and the neuroleptanalgesic, Innovar-Vet). 
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CHAPTER 2 

EXPERIMENT ONE 

To assess taste preference or acceptability, the amount of a 

substance consumed over a period of time is usually measured. Although 

the procedure in which two bottles (containing two different solutions) 

are offered to the subject is believed to be a more sensitive measure 

of taste preference (see Young and Greene, 1953), the one-bottle proce

dure has been used in short term tests (Cagan and Maller, 1974). In 

the following experiments, a one-bottle, short term measure was used to 

assess the effects of CCK on the amount consumed of various concentra

tions of sucrose and sodium chloride. 

Methods 

Part One: Sucrose Intake 

. Subjects were eight Long-Evans hooded rats weighing from 357 to 

494 grams on the first day of testing. These rats had been used in a 

small pilot experiment earlier, and therefore had experience with the 

intake of sucrose, with Similac infant formula, and with i.p. injections 

of CCK and saline solutions. They were housed singly in conventional 

stainless steel wire mesh cages, and were on a 12:12 light-dark cycle. 

They were placed on a feeding schedule in which food (Wayne Lab Chow) 

was available only for three to four and one-half hours each day in the 
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latter half of the light cycle. This schedule was maintained for seven 

days prior to the beginning of the experiment. On each of these days, 

the rats were given a brief (eight to twelve minutes) exposure to 0.3 

molar (M) sucrose solution. Water was provided ad lib for the entire 

experiment. 

During the experiment, food was' given for three hours each day 

in the latter half of the light cycle, and sucrose intake was measured 

in a ten minute test either before (hungry condition) or after feeding 

(satiated condition). Ten minutes before testing, rats were injected 

with either the C-terminal octapeptide of CCK (CCK-8, 2 pg/kg~ Squibb) 

or an equal volume of normal saline. The sucrose concentration was 

either 0.0 (water), 0.1,0.3,0.5, or 1.0 M. All solutions were made 

of reagent quality sucrose and distilled water. Solutions were refrig

erated when not in use and allowed to warm to room temperature before 

use. Each rat was tested under each injection, sucrose concentration, 

and hunger condition, thus forming a total of twenty treatment combina

tions. Rats were divided into groups of four, and each group was tested 

in a separate random sequence of the twenty combinations. 

Intake was measured by taking a reading (to the nearest 0.1 ml) 

from the graduated drinking burets every minute for ten to twelve min

utes. Testing four rats at a time, the experimenter was seated directly 

in front of the test cages for the entire session. Movement was kept to 

a minimum, and no distraction due to the experimenter was noticed. 
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Part Two: Sucrose Intake Replication 

In a partial replication of the sucrose tests, another group of 

eight Long-Evans hooded rats (313 to 441 grams) were tested in a manner 

similar to that in Part One, with sucrose concentrations of 0.05,0.1, 

and 0.3 M. The training and testing of these rats was similar to the 

procedures described above in Part One, except that these rats had had 

no experience with any type of injection and hap been on the limited 

feeding schedule for a longer period of time prior to the beginning of 

the test (at least two weeks, before which they were trained on various 

food and water deprivation schedules). The rats had been trained to 

drink sucrose prior to this two week period, and were given two training 

trials again on the two days immediately preceding testing. 

Part Three: Saline Intake 

Following Part One, the same rats were maintained on a similar 

feeding schedule for 16 days (food available for two to five and one

half hours per day in the latter half of the light cycle). Water was 

again provided ad lib. During this time, they were given occasional 

access to 0.15 M sodium chloride solution (NaCl) to allow them to be

come familiar with the taste. Following this period, the rats were 

tested again, either before or after their daily feeding, and injected 

ten minutes prior to testing with either CCK-8 (2 ~g/kg, Squibb) or an 

equivalent volume of normal saline. Ten minutes after injection, their 

intake of either 0.05 or 0.15 M NaCI was measured in a ten minute test 

identical to that described above for sucrose intake. The eight treat

ment combinations were presented in two random sequences to two groups 



of four rats each. After the completion of this series, these rats 

were placed on an ad lib food and water regimen and used in another 

series of experiments to be described later. 

Results 
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At each taste and deprivation combination, the differences be

tween the NaCl and CCK-8 treatments were analyzed with t-tests for re

peated measures. After three minutes of drinking, CCK reduced the 

intake of 0.5 M sucrose in the hungry condition (p <.0.05), and the 

intakes of water, 0.1, and 0.5 M sucrose in the satiated condition 

(piS <.0.05). After nine minutes, the cumulative intake was signifi

cantly reduced at all levels except 0.1 and 1.0 M in the hungry condi

tion and 0.3 M sucrose in the satiated condition (see Figure 1). At 

all but two combinations of taste and injection (0.3 M, CCK and 1.0 M, 

NaCl), the mean intake was greater when the rats were hungry than when 

satiated. Therefore, both CCK and natural satiation clearly reduced 

sucrose intake. 

These conclusions were confirmed by an overall analysis of vari

ance for repeated measures (taste x injection x deprivation). Because 

of the low intakes, water intake data were. excl uded from this analysis. 

The taste effect was significant (F(3,21)=8.82, p <0.005), as was the 

injection effect (F(l ,7)=27.69, p <0.005). Additionally, the depriva

tion effect and the injection x deprivation interaction were significant 

(F(I,7)=6.74, p <0.05), and ~(1,7)=9,47, p <0.05), respectively. 
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HUNGRY SATIATED 

• NACL 

D CCK 

H20 0.05 0.1 0.3 0.5 1.0 H20 0.05 0.1 0.3 0.5 1.0 

Sucrose Concentration (Molar) 

Figure 1. Amount of sucrose solution consumed in Part One in each 
hunger, taste, and injection combination. Data for 0.05 M 
sucrose are from a different group of rats (Part Three) and 
are presented here only for comparison. Asterisks (*) 
denote significant difference from the corresponding saline 
condition, p <0.05, N = 8 for each condition. 



To determine whether the reduction due to CCK varied across 

taste or deprivation levels, suppression scores were computed at each 

taste and deprivation combination (nine-minute intakes) with the 

formula: 

Intake(NaCl injection) - Intake(CCK injection) 
Intake(NaCl injection) X 100 

The median suppression scores for each condition are shown in 
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Table 1. Within each level of deprivation, a Friedman two-way analysis 

of variance (subjects x taste) was performed (Kirk, 1968). This is a 

non-parametric test to determine whether the suppression scores at one 

taste level tend to be higher (or lower) than those at other levels. 

This test was used because of the skewed distribution of the suppres-

sion ratios. 

Table 1. Median suppression (%) of sucrose intake by CCK (Part One) 

Hunger Condition 
Sucrose Solution (M) Hungry Satiated 

0.0 (water) 34.15% 64.55% 

O. 1 11. 15% 34.85% 

0.3 23.85% 1.90% 

0.5 14.90% 36.50% 

1.0 1.35% 27.45% 



After nine minutes there was a significant effect of taste on 

suppression scores in the hungry condition (x2=10.5, df=4, p <0.05). 
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In order of most suppression to least, the tastes were 0.3 M, water, 

0.5, 0.1, and 1.0 M sucrose (according to mean rank ordering). It 

should be noted, however, that the average amount of water consumed in 

the NaCl condition was relatively small (3.0 ml) and therefore the sup

pression scores based on these data are subject to more fluctuation 

than those computed on greater intakes, since accuracy in measurement 

was only to nearest 0.1 mI. 

Of the four sucrose conditions, there was more suppression by 

CCK of the intake of the two intermediate concentrations (0.3 and 0.5 M) 

than of the two extreme concentrations (0.1 and 1.0 M). 

In the satiated condition, there was no significant effect of 

taste on the amount of intake suppression due to CCK (x2=3.1, df=4, 

N.S.). 

Toe median suppression scores in Table 1 suggest that CCK sup

pressed intake more in satiated than in hungry rats. This effect, how

ever, was significant (p <0.05) only in the 1.0 M sucrose condition 

(Wilcoxon signed-rank test, hungry vs. satiated suppression scores at 

each taste level). The one exception to the trend is in the 0.3 M 

sucrose condition, in which CCK suppressed intake more in the hungry 

condition than in the satiated condition, although the difference was 

not significant. 

Some authors studying intake refer to the amount of solute in

gested rather than the amount of solution (see Young and Greene, 1953; 
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Waldbillig and Bartness, 1982). When expressed in this way, the data 

from Part One have a different appearance (see Figure 2). Amount of 

sucrose ingested increases with concentration, and the absolute differ

ence between intakes in NaCl and CCK treated rats increases with con

centration. These apparent trends were confirmed with a three-way 

repeated-measures ANOVA (taste x depriv~tion x injection). The taste 

and injection effects were significant (F(3,21)=111.52, p <.001; 

F(1,7)=10.83, P <.05) as well as the injection x deprivation and taste x 

injection x deprivation interactions (F(1,7)=15.59, p <.01; F(3,21)=6.14, 

p <.01). Tests for simple main effects indicated a significant taste 

effect in the hungry and satiated conditions (F(3,21)=83.9, p <.001; 

F(3,21)=89.06, P <.001), an injection effect in the satiated condition 

(F(1,7)=18.22, p <.005), and a taste x injection interaction in the 

hungry condition (F(3,21)=3.21, p <.05). The taste x injection inter

action in the satiated condition approached the 5% significance level 

(p <.07). Therefore, as shown in Figure 2, the CCK-induced reduction 

in amount of sucrose ingested tends to increase with increasing sucrose 

concentrations. 

Data from the partial replication (Part Two) were analyzed with 

t-tests in a manner identical to that in Part One. Due to a procedural 

error, data from four rats in the satiated 0.1 M condition had to be 

discarded. At nine minutes, CCK reduced the intakes of 0.05 and 0.3 M 

sucrose in the hungry condition and 0.05 and 0.1 M sucrose in the sati

ated condition. This pattern is the same as that found for the first 

group (see Figure 3). 
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Data from the saline intake study (Part Three) were also ana

lyzed with t-tests at each level of taste and deprivation (NaCl vs. 

CCK). CCK was effective in reducing saline intake only when the rats 

were satiated and drinking 0.15 M NaCl (p <.05; see Figure 4). 

Discussion 
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An important consideration in interpreting these results is 

whether liquid intake should be expressed in terms of amount of solution 

or amount of sucrose solute ingested. As Figures 1 and 2 show, solution 

intake has a curvilinear relationship to sucrose concentration (NaCl in

jection), while grams of sucrose ingested has a positive monotonic rela

tionship to concentration. Sucrose preferences as measured by brief 

exposure preference tests generally show a linear relationship with 

concentration (see Young and Greene, 1953; Pfaffman, 1960). Preferences 

over a longer time period show a curvilinear relationship to concentra

tion (Cagan and Maller, 1974; Khavari, 1970). The difference between 

the two relationships has been attributed to post-ingestional factors 

(such as osmolarity and caloric balance) that affect long-term measures 

(see McCleary, 1953; Cagan and Maller, 1974). Intake during a ten

minute test period has been reported to be a valid index of stimulus 

intensity (Cagan and Maller, 1974). Although the nine-minute period 

used in the present experiment is relatively short, the curvilinear 

relationship between liquid intake and concentration suggests that even 

this interval is long enough to allow post-ingestional factors to 

affect the results. 
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Figure 4. Amount of saline solution consumed in the four combinations 
of deprivation and injection conditions for two concentra
tions of saline. Asterisk (*) denotes a significant differ
ence from the corresponding saline injection condition, 
p <0.05. N=8 in each condition. 
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Another important consideration is whether CCK-induced reduc

tions in intake should be expressed in terms of suppression ratios or 

as absolute amounts of liquid intake reduction. The results show that 

while the difference in intake between the NaCl and CCK conditions 

tends to increase with sucrose concentration (at least in the satiated 

condition), there is no clear effect of concentration on percent sup

pression by CCK, despite the fact that intake is affected by concentra

tion. In hungry rats, however, there was a tendency for the intakes of 

the middle range sucrose solutions (0.3 and 0.5 M) and water to be sup

pressed by CCK more than the intakes of the two extreme solutions (0.1 

and 1.0 M) . 

Waldbillig and Bartness (1982) measured the effects of CCK-8 on 

the intakes of three different concentrations of sucrose (0.2, 10.0, 

and 35.0%, w/v, which correspond roughly to 0.006,0.3, and 1.0'~). 

They reported that the amount of suppression with the 10% solution was 

greater than that with the 0.2% solution. However, they found no sig

nificant effect of CCK with the 0.2% solution, and that there was no 

difference between the amounts of suppression with the 10% and 35% 

solutions. Therefore, their results do not suggest a trend so much as 

they suggest that CCK does not suppress the intake of a very dilute 

sucrose solution. The authors, however, interpreted their results to 

mean that the CCK effect increases as the solution becomes more IIfood-

1 ike .11 Since 0.2% sucrose is lower than the sucrose preference thresh

old of 0.45% as reported by Campbell (1958), the lack of a CCK effect 

at this concentration may be due to the ratls insensitivity or 
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indifference toward the solution in the two-bottle preference test. 

However, the authors reported that the rats drank significantly more of 

the 0.2% solution than of water. Nevertheless, a more conservative 

interpretation of the Waldbillig and Bartness (1982) da~a is that when 

clearly distinguishable from water, the intake of sucrose solutions is 

reduced by CCK. 

The present study, however, has shown that even water intake 

can be reduced by CCK. Previously, several studies have concluded that 

water intake is not affected by CCK (Mueller and Hsiao, 1977; Parrott 

and Baldwin, 1981; Gibbs et al., 1973a). Although there is one report 

of CCK reducing food and water intake in mice (Koopmans et al., 1972), 

the prevailing belief is that water consumption is unaffected (see 

reviews by Mueller and Hsiao, 1978; Smith et al., 1981a). 

A possible explanation for the present finding of a water in

take reduction is that the rats were not deprived of water beforehand. 

TypicallYJanimals are made thirsty by water deprivation for some length 

of time, injected with either NaCl or CCK, and then measured for water 

intake (Mueller and Hsiao, 1977, for example). In the present experi

ment, water was given ad lib at all times except during the ten-minute 

test period. Water was presented as a condition among sucrose solutions 

of varying concentrations. It is possible that the expectation of a 

sweet tasting sucrose solution had some effect on the amount of water 

consumed. Since a sweet taste was encountered in most of the training 

and testing sessions, conditioning might explain why more water was 

consumed during the test sessions than non-deprived naive rats would 
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normally consume in the same interval. Still, the effect of CCK on this 

intake raises the possibility that something other than satiety is being 

affected by CCK. The suggestions that CCK causes sickness, motor abnor

malities, or a number of other disruptions have been discussed earlier. 

Another interesting result of this set of experiments is that 

the intake of one concentration of NaCl' (0.15 M) was reduced in the 

satiated condition. Since only two conc~ntrations were tested, it is 

difficult to interpret this differential effect. To adequately test the 

suggestion that the effect of CCK increases as the solution becomes more 

"food-like" (Waldbillig and Bartness, 1982), more work is needed on the 

effects of CCK on the intakes of saline and other simple as well as 

complex taste solutions. 

The question these experiments were designed to answer is 

whether CCK changed the preference-concentration curve for sucrose. 

When comparing change in sucrose intake (in grams) with increasing con

centrations in NaCl and CCK treated rats (Figure 2), there is a sugges

tion that the slope of the line representing the CCK treatment is less 

than that for the NaCl treatment. In this view, it appears that CCK 

tends to reduce the normal response to increasing the concentration of 

the solution (at least in satiated rats). The reduction due to CCK is 

adjusted such that a constant suppression ratio is maintained. If the 

amount of sucrose ingested is accepted as a measure of palatability, 

then one might conclude that under some conditions, CCK reduces the 

palatability of higher sucrose concentrations. However, because the 

volume of liquid consumed does not steadily increase with sucrose 
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concentration (a relationship which other palatability measures have 

shown (Young and Greene, 1953; Weingarten and Watson, 1982), it may be 

that the present method is inadequate to test hypotheses about pala

tability. The pleasantness of the taste of a food is by no means the 

only variable which can affect the amount consumed, and perhaps the 

present methodology was also sensitive to one of these other variables. 

In the next experiment, another technique for measuring palatability 

will be used to determine whether a relationship exists between CCK 

and taste. 



CHAPTER 3 

EXPERIMENT TWO 

Because the results from the previous experiments may have been 

confounded by post-ingestional factors, no strong conclusions can be 

drawn about the palatabilities of sucrose solutions. In this experi

ment, a different measure of intake will be used. A count of the number 

of licks in a short period of time has been used by a number of investi

gators as an index of palatability (Xenakis and Sclafani, 1981; Young 

and Trafton, 1964; Weingarten and Watson, 1982). In this experiment, 

intake is more restricted than in the previous experiment because the 

spout is located outside the test cage. The use of this procedure, 

then, might allow a better test of the hypothesis that CCK affects 

palatability. 

Methods 

Subjects 

Subjects were 14 Long-Evans hooded rats (365 to 546 grams on 

the first day of testing) that were used in the previous series of ex

periments. Therefore, all were quite experienced with the taste of 

sucrose and injections of NaCl and CCK. There were at least 18 days 

of ad lib feeding between the previous experiments and these tests, and 

no ill effects from the previous feeding schedules were noted. Midway 
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through the tests, however, one rat developed a sore on its abdomen and 

was removed from the experiment. All data collected from this rat were 

excluded from the statistical analysis. 

Rats were housed individually in wire mesh, stainless steel 

cages and given ad lib tap water except during testing. Access to food 

varied and is described below. The rats were on a 12:12 light-dark 

schedule (lights on at 8:00 a.m.), and all testing was done in the 

latter half of the light cycle. 

Apparatus 

The test apparatus was a standard stainless steel, wire mesh 

cage fitted with supports and placed in a stainless steel tray such that 

the bottom of the cage was held approximately 2 cm from the floor of the 

tray. A small clamp mounted on the front of the cage held a 25 ml buret 

(graduated to 0.1 ml) fitted with a standard drinking spout. The buret 

was held such that the tip of the spout was approximately 4 mm outside 

the cage at a height convenient for normal adult rats. The cage and 

tray were grounded and the spout was made positive with respect to 

ground such that when the circuit from cage to spout was completed (by 

tongue contact with the spout), a series of relays, timers, and counters 

were activated such that each lick was counted on a cumulative counter. 

A timing circuit was activated by placing the lid on the cage; this 

timer caused a printing mechanism to print out the cumulative number 

of licks each minute. 

The tray was filled with water such that the bottom of the cage 

was just touching the water. This procedure moistened the rat's feet 
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enough to lower the electrical resistance at this point and insure that 

the counting circuit was completed with each lick. Once adapted to the 

testing, the rats were not noticeably distracted by the water or the 

small current passing through them (approximately 0.5 milliamps, if the 

resistance of the rat is assumed to be 10,000 ohms). 

Procedure 

For training, the rats were placed in the test cage one at a 

time for at least ten minutes at a time, during which they licked at 

sucrose solutions of various concentrations. This procedure was re

peated daily until the rats consistently began to lick within one minute 

of being placed into the cage. During training and testing, the output 

from a noise generator was used to mask the noise from the counting 

apparatus and other extraneous noise. 

Once the lick patterns of the rats became consistent, they were 

given four additional training sessions (one per day) with 0.1 M 

sucrose. Formal testing occurred on six of the next seven days, during 

which the rats were tested while either hungry (overnight deprived), 

fed ad lib (overnight feeding), or just-fed (allowed one hour access to 

food after overnight deprivation). These conditions were alternated 

such that the rats were deprived every other night. Ten minutes before 

each rat was tested, it was injected with either CCK-8 (2 pg/kg) or an 

equal volume of normal saline. One at a time, rats were placed into the 

test cage and the number of licks at the spout were recorded for ten 

minutes. The sucrose concentration was 0.1 M. Each rat was tested 

under all injection and deprivation combinations. 
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After the above tests were completed, the rats were given five 

training sessions (one per day) with 0.5 M sucrose. The testing proce-

dures described above were then repeated in an identical manner, except 

that 0.5 M sucrose was the test solution. Following these,tests, the 

rats were given four training exposures to 0.05 M sucrose, and the 
L 

above t~st procedures were repeated again with 0.05 M sucrose as the 

test solution. For the tests at this concentration, however, the ani-

mals were not tested in the just-fed condition. 

Results 

For sucrose concentrations of 0.1 and 0.5 M, data were collected 

when the rats were hungry, fed ad lib, and just-fed. A visual inspec-

tion of the graphs of these data indicated no differences between the 

ad lib and just-fed conditions. Therefore, for simplicity in completing 

and analyzing the experiment, the just-fed condition was not used when 

testing the intake of 0.05 M sucrose, and the data already collected in 

the just-fed condition was not used for further analysis. 

The cumulative number of licks after three and nine minutes 

under the various treatment combinations are summarized in Figure 5. 

At each taste and deprivation level, the difference between the NaCl 

and CCK treatments was analyzed with a t-test for repeated measures. 

As the figure indicates, CCK significantly reduced the intakes of all 

sucrose solutions in the ad lib condition after the third minute of 

licking; there was no effect of CCK in the hungry condition. After 

nine minutes of licking, CCK had reduced intake in all taste and 

deprivation combinations. 
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Figure 5. Number of licks at three concentrations of sucrose at each 
combination of the deprivation and injection conditions. 
Asterisks (*) denote significant difference from the 
corresponding saline condition, p <0.05. Numbers on top 
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of the dark bars indicate number of rats for each taste and 
deprivation condition. 
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It is evident from Figure 5 that after nine minutes, the intake 

in the ad lib condition for a given taste and injection combination is 

less than that in the corresponding combination in the hungry condi

tion. Additionally, the reduction caused by CCK is greater in the ad 

lib condition than in the hungry condition. 

These conclusions are supported by an overall analysis of vari

ance for repeated measures performed on the nine-minute data (taste x 

injection x deprivation). Data for one rat were incomplete and were 

excluded from this and all further analyses. The taste and injection 

effects were both significant (F(2,22)=5.44, p <0.05, and F(l,11)=45.54, 

p <0.001, respectively). Additionally, the deprivation effect and the 

injection x deprivation interaction were significant (F(l,11)=43.42, 

p <0.001, and F(1,11)=12.62, p <0.005, respectively). 

To determine whether the suppression of intake due to CCK varies 

according to the concentration of the sucrose, suppression scores were 

computed according to the formula in Experiment One. A Friedman two-way 

analysis (subjects x taste) was performed at each deprivation level at 

three minutes and at nine minutes. The median suppression scores for 

each condition are presented in Table 2. 

After three minutes, there was no significant effect of taste 

on the amount of suppression in either the hungry or the ad lib condi

tions (X2=0.167, df=2, N.S., and x2=3. 167, df=2, N.S., respectively). 

To determine whether the amount of suppression was greater in 

the hungry or ad lib condition, a Wilcoxon signed-rank test was per

formed on the suppression scores at each taste level. While the amount 
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Table 2. Median suppression scores (%) for CCK-induced suppression of 
licking at three concentrations of sucrose. A negative 
percentage indicates more licks in the CCK than in the NaCl 
condition. 

Sucrose Three Minutes Nine Minutes 
Concentration Hungry Ad Lib Hungry Ad Lib 

0.05 -3.45 36.65 17.55 53.70 

0.10 -7.60 8.75 13.05 53.90 

0.50 9.30 37.80 25.20 39.90 

of suppression was greater in the ad lib condition at all three taste 

levels, this difference was significantly only for 0.5 M sucrose 

(p <0.05). 

After nine minutes, there was again no effect of taste in either 

deprivation condition (x2=1.167, df=2, N.S., for the hungry condition; 

x2=0.00, df=2, N.S., for the ad lib condition). A comparison of the 

two deprivation conditions at each taste level indicated that for each 

sucrose concentration, CCK suppressed intake more when the rats were 

fed ad lib than when hungry (all piS <0.05, Wilcoxon signed-rank test). 

Discussion 

These results confirm those from Experiment One that suggest 

that CCK is more effective in suppressing sucrose intake in rats that 

are not hungry. They also indicate that, all else being equal, hungry 

rats consume slightly more sucrose solution than ad lib fed rats. 
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Further, these results show that the CCK effect appears earlier 

in rats fed ad lib than in hungry rats. One interpretation of this 

result would be that at the beginning of the test, the rats fed ad lib 

are already nearer to the point of sucrose "satiation" than the hungry 

rats; with the introduction of exogenous CCK, they therefore reach the 

satiated state earlier. 

Although Davis (1973) found a positive relationship between 

sucrose concentration and the number of licks in a short period of time 

(lick rate), the relationship between concentration and the number of 

licks in the present experiment is not clear. After three minutes, the 

number of licks of 0.05 M sucrose is intermediate to that of 0.1 and 

0.5 M sucrose (Figure 5, NaCl injection). The range and number of 'con

centrations tested may have been too small to indicate a clear relation

ship. After nine minutes of licking, however, a positive relationship 

between the number of licks and the sucrose concentration is more evi

dent. Pearson's correlation coefficients of +0.53 and +0.39 for the 

hungry and ad lib NaCl conditions, respectively, suggest a positive 

linear relationship between the number of licks and the log molar con

centration. With CCK injections, these correlation values become +0.37 

and +0.12 for the hungry and ad lib conditions, respectively. It is 

possible, however, that these correlations are "artifacts" due to the 

restricted range of sucrose concentrations tested here. Data from 

Experiment One, in fact, suggest that had 1.0 M sucrose been included 

as a test solution, the number of licks of it would be less than of 

some of the weaker concentrations resulting in a curvilinear 



relationship to concentration. Clearly, a wider range of concentra

tions must be tested before a conclusion can be drawn about the rela

tionship between sucrose concentration and licking as a measure of 

preference for a given concentration. 
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One aspect of the procedure may have obscured a clear effect of 

concentration. In this experiment, each taste was presented at least 

eight days in a row (four as training, four to six as testing), after 

which a new taste was presented. The familiarity gained with each con

centration over the course of training and testing may have partially 

masked the contribution of palatability to the number of licks made. 

This masking might have been eliminated if the concentration of the 

solution being tested varied from day to day. 

The analysis of the suppression ratios confirms that CCK re

duces intake less in hungry rats than in rats fed ad lib. This tendency 

is apparent after just three minutes of licking. The amount of suppres

sion after three minutes varied, but not to a significant degree, with 

sucrose concentration. In the hungry condition, CCK slightly decreased 

the intakes of 0.05 and 0.5 M sucrose, while the intake of 0.1 M sucrose 

was slightly increased (indicated by a negative suppression ratio in 

Table 2). In the ad lib condition, a similar pattern was found, with 

the intake of 0.1 M sucrose being decreased much less than the intakes 

of the other solutions. After nine minutes, taste (sucrose concentra

tion) again had no significant effect on the amount of suppression of 

intake due to CCK. 
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This experiment, as well as Experiment One, shows no clear 

relationship between the satiating effect of CCK and the concentration 

of the sucrose solution being ingested, at least in terms of per cent 

suppression. This finding is in opposition to that of Waldbillig and 

Bartness (1982), who found that CCK suppressed the intake of high 

sucrose concentrations more than that of a lower concentration (but 

see discussion in Experiment One). 

That the suppression ratio does not appear to change across 

tastes does not exclude the possibility that taste is somehow altered 

by CCK. The response to a given taste may simply be reduced to a con

stant percentage of its normal response. To test this possibility, 

electrophysiological measures of neural activity in the chorda tympani 

are measured in the next section. 



CHAPTER 4 

EXPERIMENT THREE 

In the rat, preference measures. correlate well with integrated 

chorda tympani responses for a certain range of sodium chloride and 

sucrose solutions (see Pfaffman, 1960). Taking advantage of the passage 

of the chorda tympani through the middle ear, Diamant et al. (1965) 

obtained chorda tympani recordings from human patients undergoing middle 

ear surgery; they found good agreement between these recordings and 

psychophysical measures of sweet taste intensity. They therefore con

cluded that lithe summated response of the whole chorda tympani nerve is 

a valid and relevant measure of taste activity" (Diamant et al., 1965, 

p. 68). 

If the rat chorda tympani is properly exposed and maintained, 

stable records can be obtained for a number of hours. Therefore, with 

a standardized procedure, it is possible to detect changes in the taste 

response due to neural, hormonal, or vascular changes. Because the 

preceding experiments demonstrated that CCK causes a reduction in 

sucrose intake in non-deprived rats, and because of the suggestion that 

CCK reduces the hedonic value of sucrose taste (Waldbillig and 

O'Callaghan, 1980), the following experiments were performed to deter

mine whether these reductions in intake are related to a change in the 

peripheral nerve response to the taste of sucrose. 
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Methods 

.. 
Anesthesia 

Animals were anesthetized with either urethane, a combination of 

alpha-chloralose and urethane, or Innovar-Vet. Barbiturates such as 

sodium pentobarbital were avoided because they have been shown to reduce 

(or eliminate) the activity of efferent fibers in the chorda tympani 

(Hellekant, 1971b). Hellekant (197lb) used a combination of fenthanyl 

and fluanison to produce neuroleptanalgesia in rats. This combination, 

sold in a single solution as "Hypnorm," was not available for the 

present experiments. It is similar, however, to Innovar-Vet, which is 

a combination of the opiate fentanyl and the tranquilizer droperidol. 

Because of its poor muscle relaxant properties, lnnovar-Vet was supple

mented with Flaxedil (gallamine triethiodide), which is a synthetic 

curare-like compound. When Flaxedil was used, animals were artificially 

respirated (Harvard Rodent Respirator). 

Tracheal Cannulation 

To avoid interfering with respiration while taste solutions were 

placed on the tongue, a tracheal cannula was inserted. A one-inch in

cision was made'in the ventral neck region. The submaxillary salivary 

glands and the underlying sternohyoideius muscle were separated at the 

midline to expose the trachea. A small incision was made in the trachea 

between two cartilage rings, and a short piece of metal tubing was in

serted and tied securely into place with one suture around the trachea. 



Intravenous Catheter 

For the rapid infusion of CCK, an intravenous catheter was 

placed into the rat's right external jugular vein. In the ventral 

region just anterior and medial to the animal's right front leg, a 
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small pulse can be observed. A one-inch incision was made in the re

gion of the pulse and the underlying tissue was pulled aside to expose 

the vein. When the vein was cleared of its connective tissue, a small 

incision was made in it and a short length (approximately 2 mm) of 

heparinized polyethylene tubing (Intramedic, PE-50) was inserted toward 

the heart. The tube was tied into place and then anchored to nearby 

muscle. The observation of blood in the tubing when suction was applied 

was taken as evidence that the catheter was correctly inserted. 

Chorda Tympani Dissection 

The animal was placed into a non-traumatic head holder 

(Erickson, 1966) that allowed free access to the tongue and right side 

of the head. The right chorda tympani was exposed at a point between 

its entrance into the tympanic bulla and its junction with the lingual 

nerve, by means of the following procedure. 

A round piece of skin (about 2 cm in diameter) was removed from 

the right side of the rat's head just anterior to the ear. The exact 

location was determined by finding the zygomatic arch by pressing on 

the posterior jaw area and removing the skin such that the arch is 

located under muscle in the upper third of the exposed area. Parts of 

the external lachrymal gland and the temporal is and masseter muscles 

were cut away or pushed aside to expose the zygomatic arch. The arch 
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was cut and removed from a posterior point near its junction with the 

squamosal bone to a point about one quarter inch anteriorly. Further 

removal of the masseter and temporal is muscles exposed the condyloid 

process of the mandible. The condyle was removed with special care to 

avoid disturbing the sinus in the mandible located anteriorly and ven

trally. Upon removal of the pterygoideus muscles that attach to the 

medial aspect of the mandible, several branches of the trigeminal nerve 

can be seen passing ventrally, spreading out to form an inverted "V" 

pattern. The chorda tympani is a small nerve that runs approximately 

perpendicular to these nerves, crossing under them to form the cross

piece of the letter "A." The trigeminal branches were cut (usually) 

and deflected away from the chorda tympani. 

With fine forceps and g~ass needles, the chorda tympani was 

freed from much of its connective tissue. Special care was taken to 

avoid stretching the nerve. When a short distance of the nerve was 

freed, it was gently lifted and two fine platinum hook electrodes were 

maneuvered into position such that the uncut nerve was draped over both 

electrodes and not touching any surrounding tissue at that point. Small 

wisps of cotton were used to absorb moisture in the area, and the entire 

wound was then filled with mineral oil. Occasionally, this oil was re

moved and replaced with fresh oil. 

The tongue was gently pulled out and clamped with forceps on 

the left side to hold it in an extended position with free access to 

the right anterior dorsal surface. Special care was taken not to touch 

this region, which contains the taste buds innervated by the right 

chorda tympani. 
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Notes on Dissection Procedure 

The chorda tympani, like any nerve, is sensitive to stretch and 

therefore should be treated gently. The conductile properties of the 

nerve fibers can be destroyed by stretch!ng or pinching them. 

Therefore, when freeing the nerve for recording, touching the 

nerve with forceps should be avoided. If the connective tissue around 

the nerve is held with forceps, the nerve can usually be separated with 

fine glass needles. Still, some irritation is inevitable. It was noted 

that the integrated responses obtained immediately after the nerve is 

freed are often smaller than those obtained ten to twenty minutes later. 

This change is probably due to a recovery from a transient irritative 

depression in nerve response. It is therefore advisable to allow approx

imately thirty minutes from the time of the first test of the preparation 

to the beginning of actual data collection. 

Another factor that can affect the size of the integrated re

sponse is the conductivity of the fluid environment of the nerve and 

electrodes. If exposed to air, condensation at the nerve-electrode 

interface can short out the two electrodes. A more stable preparation 

can be obtained by filling the wound with mineral oil. Mineral oil is 

non-conducting and therefore isolates the nerve and electrodes while 

keeping the nerve from drying out. 

The slow accumulation of blood and other body fluids in the 

wound can also cause an electrical short. Therefore, certain precau

tions should be taken to keep bleeding to a minimum. Obviously, the 

large blood vessels in the vicinity of the chorda tympani should be 



53 

avoided. To further reduce bleeding, tissues should be separated by 

blunt dissection with forceps rather than cut with scissors, when pos

sible. The amount of bleeding can also be affected by the type of 

anesthetic used. Bleeding seemed much more controllable with Nembutal 

or urethane than with Innovar-Vet or alpha-chloralose. 

Recording Equipment 

The two platinum electrodes, by way of a Grass High Impedance 

Probe, led to the input of a Grass 7P5 A.C. Preamplifier. The output 

from its corresponding driver amplifier led to the input of a Grass 7P3 

Integrator/Amplifier. The output from the driver amplifier of the 7P3 

was displayed on a Grass pen writer, a Telequipment oscilloscope, and 

a Grass AM4A audio amplifier. The integrator is of the resistance

capacitance type and the time constant was 2.0 seconds. Lights used 

for surgery were turned off during recording to reduce electrical noise. 

StimulatiQn of the Tongue 

Each taste solution was applied to the tongue via a hand held 

medicine dropper. For each stimulus, approximately 0.25 ml (5 drops) 

was applied, and special care was taken to hold the dropper in the same 

place each time and to deliver the drops at a constant steady rate. 

Prior experience has shown that minor variations in this procedure have 

relatively little effect on the size of the integrated response. Each 

stimulus remained on the tongue for approximately 40 seconds, and then 

was rinsed off with distilled or de-ionized water until the pen writer 

returned to baseline. The next stimulus was not applied until at least 
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one minute later, and another rinse of water was given in this period. 

Stimulus and rinse solutions drained from the tongue into a small 

plastic container that emptied into a larger one under the table. 

All solutions were made with distilled or de-ionized water and 

reagent grade chemicals. They were made immediately prior to use, or 

were made beforehand and refrigerated when not in use. Solutions re

mained usable for several weeks in this manner, but were discarded when 

their normal colorless appearance changed in any way. 

Procedure for Part One: Urethane Anesthesia 

Eight male hooded rats (Long-Evans, 335 to 552 grams) were 

initially anesthetized with urethane (930-1150 mg/kg) and prepared for 

electrical recording in the manner described above. Additional smaller 

doses of urethane were given when needed. 

When a stable baseline was obtained, the following taste stimuli 

were presented in varying orders: 0.01,0.025, and 0.05 M NaCl, and 

0.05,0.1, and 0.3 M sucrose. 

To reduce the possibility of adaptation, special care was taken 

not to follow a strong solution of a given taste with a weaker one. 

When all the taste stimuli had been administered at least twice, one ml 

of either CCK-B (5 pg/ml, dissolved in saline) or 0.15 M NaCl was infused 

over a period of approximately two minutes. Each taste stimulus was 

again applied twice, also in varying order. After the infusion, there 

was a one- to three-minute pause. 
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Procedure for Part Two: 
Urethane and Alpha Chloralose Anesthesia 

In a second group of rats (Long-Evans hooded males, 327 to 424 

grams), a different anesthetic and procedure were used. Rats were 

initially anesthetized with alpha-chloralose (90-250 mg/kg) and a 

smaller dose of urethane (approximately 90-830 mg/kg). Large doses 

of urethane were occasionally required for adequate anesthetization. 

Additional smaller doses of both drugs were given when necessary. Taste 

stimuli were 0.1 M NaCl and 0.3 M sucrose, both of which rats normally 

prefer over water. Stimuli were applied and rinsed from the tongue 

with the standardized procedure described above. After at least three 

applications of each stimulus, 0.1 ml of CCK-8 (50 ~g/ml dissolved in 

0.3 M NaCl) or 0.3 M NaCl was infused via jugular catheter. Each stimu-

Ius was applied again at least three times, after which another 0.1 ml 

of CCK or NaCl was infused and the stimulus applications repeated. 

After each infusion of CCK or NaCl, there was a five-minute pause be-

fore stimulus applications were resumed. 

Due to instability or movement of the nerve on the electrodes, 

post-CCK data for two rats could not be collected at the time specified 

by the procedure (five minutes after infusion). Rather than end the 

experiments, these rats were maintained on anesthesia for at least two 

and one-half hours, at which time the entire procedure was carried out 

from the beginning. It was assumed that this interval was long enough 

such that any effects of CCK from the first attempts had dissipated 

by the time new baseline data were collected. 
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Procedure for Part Three: 
Innovar-Vet Anesthesia 

For a third group of rats (Long-Evans hooded males, 315 to 412 

grams) ~ the same procedure as in Part Two was followed, except that the 

rats were anesthetized with Innovar-Vet (initial dose of 0.5 ml/kg, 

followed by approximately 50% of this dose as necessary). Additionally, 

the rats were given a muscle relaxant, Flaxedil, via jugular catheter. 

Flaxedil (10 mg/ml) was infused until breathing and twitches of the 

tongue stopped. The tracheal cannula was then attached to a Harvard 

Rodent Respirator to ventilate the animal. Additional Flaxedil was 

infused when muscle twitching was noticed. There was a two-minute in-

terval after the infusion of CCK or NaCl before stimulus applications 

resumed. 

Results 

The amplitude of the integrated response was measured directly 

from the chart paper of the pen writer. Figure 6 illustrates typical 

responses to a series of saline and sucrose solutions. The chorda 

tympani response to salts consists of a large initial transient response 

followed by a smaller steady state response; this pattern is seen in the 

recordings of single fibers as well as whole nerve recordings (see 

Bartoshuk, 1978). Responses to sugars develop more slowly (Beidler, 

1953). In Part One, only the tonic (steady state) parts of the re-

sponses were analyzed, since previous work suggested that the concen-

tration-response curve for the tonic part was steeper than for the 

initial transient (Gosnell and Hsiao, unpublished). 
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The baseline was defined as the lowest point of the integrated 

activity in the 24 seconds preceding the application of the taste 

stimulus. The amplitude lin mm) of the integrated response was then 

measured from the point on the baseline representing 30 seconds after 

the onset of the taste. Since the pen writer was not rectilinear, this 

procedure often resulted in measuring the response at a point repre

senting less than 30 seconds from the onset of the stimulus. For a 

given pen deflection, however, this error in timing would be constant, 

and no correction was made in determining the point on the baseline 

from which measurements were made. 

There are a number of factors which can influence the amplitude 

of the response to a given taste. Damage to the chorda tympani and the 

completeness of its separation from connective tissue are perhaps the 

most important. Since these factors varied from rat to rat, along with 

the exact placement of the nerve on the electrodes, the data obtained 

from one rat cannot be directly compared to data from another rat. Con

sequently, the gain settings for the recording of each chorda tympani 

were adjusted such that, when possible, the response to 0.1 M NaCl 

caused slightly less than the maximum excursion of the pen on the 

oscillograph. 

In Part One and for each rat, the mean amplitude of the re

sponses to each taste solution was then expressed as a percentage of 

the mean amplitude of the response to 0.05 M NaCI prior to the CCK in

fusion (not all rats were tested with 0.1 M NaCI). These percentages 

are graphed in Figure 7. Data from the rats infused with saline were 
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Figure 7. Mean amplitudes of the integrated responses to six sucrose 
and saline concentrations before and after the infusion of 
5pg CCK. Amplitude was measured 30 seconds after the 
onset of the stimulus. For each rat, each response is 
converted to a percentage of the response to 0.05 M NaCl. 
prior to CCK infusion. N = 6. 
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not analyzed; the data were similar to that obtained from CCK-infused 

rats and would have been important only if a significant CCK effect had 

been found under these conditions. 

CCK obviously had no effect on the magnitude of the response 

to any of the taste solutions in this experiment. A two-way analysis 

of variance for repeated measures (pre-post infusion vs. taste concen

tration) confirms this lack of CCK effect for both NaCl solutions 

(F(1,S)=0.82, N.S.) and sucrose solutions (F(1,S)=0.42, N.S.). . . 

In Parts Two and Three, both the initial transient and the 

tonic parts of the integrated responses were analyzed. For each rat, 

all pre-infusion trials with each stimulus were averaged to give four 

baseline measures: 0.1 M NaCl peak (transient response), NaCl tonic 

response, 0.3 M sucrose peak, and sucrose tonic response. Similar 

means were obtained for each rat based on the trials after the first 

CCK or NaCl infusion. A third set of means was based on the responses 

obtained after the second infusion. These means are given in Tables 3 

and 4. Also given are the mean percent changes in the responses after 

infusions as compared to the pre-infusion baseline. A one-way analysis 

of variance was performed on the means of the components of each taste 

for each drug treatment condition (pre-infusion vs. post-infusion 1 vs. 

post-infusion 2). 

As the tables indicate, there were no large effects of either 

CCK or NaCl with either anesthetic. The largest change, a 20.3% de-

crease in the tonic response to 0.3 M sucrose following the second CCK 

infusion, was not significantly different fpom the baseline amplitude 
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Table 3. Mean amplitudes of the integrated responses to 0.1 M NaCl and 
0.3 M sucrose with alpha-chloralose and urethane anesthesia. 
Means are given for peak and tonic portions of the responses 
before and after infusions of CCK (n=5) and NaCl (n=3). Also 
given is the mean amount of change (%) from the baseline con
dition. There were no significant changes due to the infu
sions. A negative percentage indicates a decrease in response. 

0.1 M NaCl Taste 
(NaCl infusions; n=3) 

Basel ine 

After 1st NaCl infusion 

After 2nd NaCl infusion 

0.1 M NaCl Taste 
(CCK infusions; n=5) 

Basel ine 

After 1st CCK infusion 

After 2nd CCK infusion 

0.3 M Sucrose Taste 
(NaCl infusions; n=3)' 

Basel ine 

After 1st NaCl infusion 

After 2nd NaCl infusion 

0.3 M Sucrose Taste 
(CCK infusions; n=5) 

Basel ine 

After 1st CCK infusion 

After 2nd CCK infusion 

Peak 

47.06 

46.18 

45.89 

41.60 

41.59 

41 .31 

12.32 

12.86 

12.94 

13.37 

12.63 

12. 17 

% Change 

-2.1 

-2.8 

-0.2 

-0.9 

+4.2 

-0.3 

-6.3 

-10.0 

Tonic 

30.54 

29.79 

29.45 

33.17 

33.60 

32.91 

9.06 

8.56 

9.61 

9·73 

9.27 

8.26 

% Change 

-2.3 

-3.3 

+0.7 

-1.5 

-6.5 

+0.3 

-5.5 

-20.3 



62 

Table 4. Mean amplitudes of the integrated responses to 0.1 M NaCl and 
0.3 sucrose with Innovar-Vet anesthesia. Means are given for 
peak and tonic portions of the responses before and after in
fusions of CCK (n=6) and NaCl (n=4). Also given is the mean 
amount of change (%) from the baseline condition. A negative 
percentage indicates a decrease in response. Asterisk (*) 
indicates a significant difference from baseline (Newman
Keuls test, p <.05). 

0.1 M NaCl Taste 
(NaCl infusions; n=4) 

Basel ine 

After 1st NaCl infusion 

After 2nd NaCl infusion 

0.1 M NaCl Taste 
(CCK infusions; n=6) 

Base 1 ine 

After 1st CCK infusion 

After 2nd CCK infusion 

0.3 M Sucrose Taste 
(NaCl infusion; n=4) 

Basel ine 

After 1st NaCl infusion 

After 2nd NaCl infusion 

0.3 M Sucrose Taste 
(CCK infusions; n=6) 

Basel ine 

After 1st CCK infusion 

After 2nd CCK infusion 

Peak 

43.65 

43.18 

43.20 

46.57 

47.20 

47.81 

10.95 

11 .33 

10.48 

9.51 

10. 11 

10.83* 

% Change 

-1.1 

-1.1 

+1.4 

+2.7 

+3.4 

-4.7 

+5.0 

+13.3 

Tonic 

32.06 

32.10 

31.40 

34.98 

35.88 

36.70 

6.57 

6.63 

6.48 

5.34 

5.93 

6.11 

% Change 

-0.2 

-2.2 

+2.5 

+4.9 

+0.6 

-0.5 

+9.0 

+13.6 



(see Table 3). With Innovar-Vet anesthesia (Table 4), the peak re

sponses to 0.3 M sucrose increased after the two CCK infusions 

(F(2,10)=5.95, p <0.025). The Newman-Keuls procedure indicated that 

the mean amplitude after the second infusion, but not the first, was 

significantly greater than the baseline amplitude (p <0.05). 

The only trend noticed in the data was the tendency for the 

responses in the CCK-treated rats to increase more (or decrease less) 

than the responses in the NaCI-treated rats. However, most of the 

changes were, on the average, less than 5% of baseline amplitudes, 
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and only the above-mentioned sucrose response was changed to a signifi

cant degree. 

Discussion 

Throughout the course of data collection and in preliminary 

experiments, there was often a suggestion that taste responses were in

creased after CCK administration. As Tables 3 and 4 indicate, however, 

there was only one instance where a taste response (as measured at the 

primary sensory neuron) was significantly increased after CCK infusion. 

Further, the total amount of CCK infused was over ten times the amount 

that reduced sucrose intake in Experiments One and Two. 

Assuming that there actually is an effect of CCK on primary 

gustatory neurons, there are several possible explanations for the 

present lack of success in demonstrating it. 

The integrated nerve response is similar to the electroen

cephalogram in that both are the product of a large number of neurons. 

It is possible that only a small but behaviorally important fraction 



of the fibers in the chorda tympani are affected by CCK. In such a 

case, a single fiber analysis of taste fibers would be necessary to 

detect the change (see Contreras, 1977). 

It may be that the method of stimulus application introduced 

too much variability into the responses. Overall, however, the re

sponses from each rat were fairly consistent. While the medicine 

dropper method was used in several early studies (e.g., Pfaffman, 
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1955; Pfaffman and Bare, 1950), flow chambers and automated liquid flow 

equipment are now common (see Halpern, 1973; Andersson et al., 1971). 

These methods reduce variability in stimulus applications and therefore 

would lead to more consistent nerve responses. 

Since Hellekant (1971b) has shown that the activity of efferent 

fibers in the chorda tympani can be affected by the type of anesthetic 

used, it may be that the hypothesized CCK effect is similarly sensi

tive. However, three different anesthetics were used in the present 

experiments, including one (Innovar-Vet) which is similar to that used 

by Hellekant (1971b) in studying chorda tympani efferents. 

The nerve responses recorded from rats anesthetized with 

Innovar-Vet were much larger and more stable than those obtained while 

using other anesthetics; consequently, the amplifier gain was turned to 

a lower setting than was usual for the other anesthetics. However, 

Innovar-Vet was used only in the final series of rats, by which time 

the experimenter had acquired considerable skill in exposing and free

ing the chorda tympani. Therefore, the strong signals obtained might 

be attributable to an experimenter practice effect rather than a drug 



effect. Nevertheless, a systematic study of the effects of various 

anesthetics may provide important information regarding the neuro

chemical nature of the taste system. 
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Bealer (1978) has reported that the initial transient part of 

the integrated response reflects information that is behaviorally 

necessary for taste intensity discrimination. Therefore, this measure 

might be expected to be most affected by feeding-related factors. In 

the present experiments, a time constant of two seconds was used. 

Since the amplitude of the initial transient becomes progressively 

smaller with an increasing time constant, the relatively long constant 

used here may have obscured any CCK effect on the transient response. 

However, because there will be some information lost with any amount of 

integration, it is difficult to specify an appropriate time constant. 

As previously mentioned, an analysis of single unit discharges may be 

necessary to detect an effect. 

Since changes in blood flow to the tongue have been shown to 

affect taste responses (Hellekant, 1971c), it is possible that CCK 

affects taste through vascular changes. In some animals in the present 

experiments, it seemed that the CCK infusion increased heart rate after 

an initial slowing. Heart rate was monitored in several rats, though 

it was not systematically analyzed. The possibility that CCK affects 

the cardiovascular system deserves further consideration. 

Obviously, the possibility that CCK has no effect on taste re

sponses at the peripheral level cannot be overlooked. The opportunities 

for the integration of two kinds of signals (such as CCK release and 
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taste responses) greatly increase at progressively higher levels of the 

nervous system. The next experimental step, therefore, would be to 

measure taste responses (and possible CCK effects) in the thalamus or 

in any of the limbic structures which may receive taste input (see 

earlier discussion on gustatory neuroanatomy). 



CHAPTER 5 

GENERAL DISCUSSION 

These results confirm those of others in showing that CCK re

duces sucrose intake (Waldbillig and O'Callaghan, 1980). Further, they 

have shown that under some conditions, the intakes of water and 0.15 M 

NaCI can be reduced by CCK. These effects occur in rats given ad lib 

food and water, which are presumably neither hungry nor thirsty. Under 

these conditions, it is reasonable to assume that the rats are drinking 

the sucrose solutions because they like the taste. Pfaffmpn (1960) has 

proposed that sweet taste is reinforcing in itself and that the prefer

ence for it does not have to be learned. 

It also seems reasonable to suggest that a substance that will 

reduce sucrose intake in animals given ad lib food and water might do 

so by reducing the pleasure derived from the sweet taste. Such a sug

gestion has been made by Waldbillig and O'Callaghan (1980) to account 

for CCK-induced reduction of sucrose intake. Their experiments and 

those presented here have shown that the CCK effect appears as early as 

three minutes after the onset of drinking. 

No support was found for the suggestion that the effect of CCK 

on sucrose intake increases with sucrose concentration (Waldbillig and 

Bartness, 1982). Rather, the CCK effect was found to be fairly con

sistent across concentrations. 

67 



68 

Such a consistency in suppression may indicate that intake is, 

in some manner, being regulated rather than being interfered with. For 

an example, assume that rats normally consume 10, 15, and 20 mls of 0.1, 

0.3, and 0.5 M sucrose, respectively. If some drug alters intake such 

that only 5 mls of all three solutions are consumed, suppression scores 

of 50%, 67%, and 75% would be calculated for the solutions. One would 

then need to establish that some side effect of the drug (such as rota

tory body movements, mental confusion, etc.) was not artificially limit

ing the amount which could be consumed. On the other hand, if the post

drug intakes were 5, 7.5, and 10 mls, respectively, then one would 

assume that intake is being regulated to a lower amount, rather than 

being artificially curtailed. The present experiments, then, suggest 

that intake is being regulated rather than restricted. 

There are several examples in the literature which demonstrate 

the effect of feeding (or related factors) on taste acuity and prefer

ences. Cabanac and Duclaux (1970) have shown that the ingestion of a 

glucose load reduces the reported pleasantness of sucrose solutions. 

Similarly, Kaplan and Powell (1969) have shown that in humans, the sen

sitivity to quinine increases after a meal. In rats, Campbell (1958) 

has shown that the taste acuity of satiated rats is less than that of 

hungry rats. These shifts in taste preferences and sensitivities that 

occur after feeding might actually be part of the mechanism by which 

feeding is terminated. 

A shift in the pleasantness of a taste may be the result of a 

change in the interpretation of a constant gustatory input by some 



69 

reward or pleasure system in the brain. On the other hand, a shift in 

perceived intensity might explain a pleasantness shift. It is possible 

that some efferent system, such as has been demonstrated in some other 

modalities (see Brodal, 1981), is capable of varying the input to the 

central gustatory system. The evidence for such an efferent taste 

modulatory system has been discussed in earlier sections. Two factors 

related to ingestion (gastric distention and hunger state) have been 

shown to affect the responses of primary gustatory neurons (see Brush 

and Halpern, 1970; Sharma et al., 1975). 

Because CCK is also a feeding-related factor and because of 

evidence that suggests that it interacts with orosensory cues (Gosnell 

and Hsiao, 1981; Antin et al., 1978), it was hypothesized that it too 

might affect the responsiveness .of peripheral taste fibers. Experiment 

Three of the present work does not support this hypothesis. While 

there was a slight tendency for the taste responses in CCK-treated rats 

to increase following CCK infusion, in only one case (peak response to 

0.3 M sucrose, Table 4) was the effect statistically significant. 

Several aspects of the methodology which might have obscured a CCK 

effect have been discussed earlier. 

A strong CCK effect would have provided a relatively simple 

mechanism for its effect on food intake. Instead, the mechanism remains 

unclear. 

Mook et al. (1980) have shown that oropharyngeal factors can 

both initiate and terminate the ingestion of saccharin and glucose. 

In various experiments, they eliminated gut distention, cellular 



hydration, and nutrient repletion as controlling factors, yet intake 

was still regulated, or "mouth-metered" (authors' phrase). By some 

poorly understood mechanism, the taste seems to lose its appeal. 

As already mentioned, Pfaffman (1960) has proposed that sweet 

tastes are intrinsically rewarding. This view is consistent with the 

findings of Xenakis and Sclafani (1981), who have shown that the 

dopamine blocker, pimozide, reduces the intake.of a saccharin and 

glucose solution. According to a hypothesis advanced by Wise et al. 

(1978), such a blockade renders the animal "anhedonic." The diverse 

inputs of taste information into the limbic system offer a number of 

possible sites where this effect might occur (see studies by Norgren 

and his colleagues referred to above). It remains to be seen whether 

natural satiety or CCK-induced "satiety" involve a similar mechanism. 
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CHAPTER 6 

SUMMARY 

The following points summarize the major conclusions of this 

study on the taste effects of CCK-8. 

1. CCK reduced sucrose intake when measured as the amount consumed 

in nine minutes or as the number of licks in nine minutes. 

This effect occurred over a wide range of sucrose concentra-

tions. 

2. In a nine minute sucrose intake period, there was no signifi-

cant effect of sucrose concentration on the suppressive effect 

of CCK. 

3. When water intake trials were interspersed among sucrose intake 

trials, CCK reduced the intake of water in hungry and satiated 
.. 

rats. 

4. In satiated rats, the intake of 0.15 M NaCl 'was reduced by CCK; 

the intake of 0.05 M NaCl was unaffected. 

5. In most cases, sucrose and water intakes were greater in hungry 

than in satiated rats or rats fed ad lib. 

6. The suppressive effect of CCK tended to be larger and to appear 

earlier in satiated rats (or those fed ad lib) than in hungry 

rats. 
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7. Attempts to find an effect of CCK on the integrated chorda 

tympani response to sucrose or saline were unsuccessful. How

ever, a slight trend toward increased responses after CCK in

infusions suggests that a more rigorous methodology (especially 

in the methods of ~timulus application and anesthesia) and an 

analysis of single taste fiber 'responses might be more fruit

ful. 

Taken together, these results indicate that while CCK reduces 

the intake of sucrose solutions as measured with techniques believed 

to be sensitive to stimulus intensity, the effect is apparently not due 

to a change in the peripheral taste signal. 
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