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ABSTRACT 

The effects of intraperitoneal injections of the 

C-terminal octapeptide of cholecystokinin (CCK) upon the 

consumption of a liquid diet were examined in rats. A 

detailed analysis of meal pattern and licking performance 

was conducted. No linear trends were found for licking or 

meal pattern related variables as the course of a meal pro

gressed. CCK was found to significantly reduce the amount of 

milk intake. It also affected the performance of licking, 

such that rats licked in a less efficient manner following 

treatment with CCK. These effects were of a dose-dependent 

nature and were also present during the drinking of water 

following water deprivation. The changes in licking per

formance were not seen in control conditions, even as the end 

of a meal approached. These results do not support the 

hypothesis that CCK plays an important role in the natural 

termination of' feeding. They may be accounted for by some 

specific oral motor impairment following treatment with CCK. 
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INTRODUCTION 

Historically, a classic topic in physiological 

psychology (now popularly referred to as biopsychology) has 

been the control of food intake* The process of eating has 

been seized upon as a "model" system which is fairly simple 

and which provides a clear interface between internal 

physiological events and external observable behavior, i.e. 

eating. The study of food intake has generated numerous 

theories in the realm of motivation and reward. The primary 

focus has been the determination of factors which control 

the initiation of a meal and those which cause its 

termination. The factors in the first case have been 

referred to as hunger variables and those in the latter, 

satiety variables. The characterization of both sets of 

variables, which are not necessarily independent, have 

proven to be considerably more difficult than initially 

anticipated. As study continues the "model" system appears 

to lack the simplicity for which it was originally esteemed. 

However, rather than discarding this system, such complexity 

makes the understanding of the controls of feeding much more 

meaningful and pertinent to the rest of bio-behavior 

relationships, which have always been suspected of 

complexity. This thesis will concern itself primarily with 

the issue of satiety, specifically, with the physiological 
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variables which in a normal meal contribute to the 

termination of that meal. The focus will be upon a putative 

satiety hormone, cholecystokinin. 

Animals with a regular food supply engage in fairly 

discrete meals. These meals are finished long before the 

nutritive content of the food consumed can be absorbed by 

the intestines and the new energy supply made available to 

cells throughout the body. From a human perspective there 

is often a perception of "fullness" or of having satisfied 

one's "appetite" which accompanies the end of a meal. This 

has been referred to as being satiated, such that a person 

no longer desires, or may not even be able, to continue 

eating. Although similar perceptions may not be 

attributable to animals, nevertheless, the natural 

termination of a meal is referred to as short term satiety 

or preabsorptive satiety. Many investigators over the years 

have looked at a number of different variables which may 

contribute to short term satiety. There has been debate 

over whether satiety and its time course is basically a 

learned phenomenon or more of a reflexive, physiological 

event. Rats and dogs when fitted with a gastric fistula and 

allowed to sham feed for the first time will consume very 

large amounts of food for a long period of time (Janowitz & 

Grossman, 1949; Toung, Gibbs, Antin, Holt, & Smith, 1974). 

When part of the contents of a meal are removed from a rat's 

stomach the rat will proceed to ingest an additional amount 
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of liquid nutrient. The size of the supplemental feeding 

correlates highly with the amount of nutrient removed from 

the stomach (Deutsch, 19 82 ). The results of these studies 

suggests that at least some important controls for normal 

meal termination are of a physiological nature. 

Neural, humoral, and hormonal variables have all 

been suggested as potentially important satiety factors. 

The sources of the satiety signals have been divided up into 

three regions of the digestive system -- pre-gastric (mouth, 

pharynx, esophagus), gastric (stomach), and post-gastric 

(small and large intestines) (Smith & Gibbs, 1976). Since 

sham feeding animals consume such exaggeratedly large meals 

it has been argued that the stimulation of the pre-ga6tric 

region during the course of a meal cannot be a major 

determinant of short term satiety. It has been found that 

infusing nutritive substance into the duodenum (upper small 

intestines) of rats during a meal decreased the meal 6ize 

(Snowdon, 1975). A similar infusion while an animal was 

sham feeding resulted in the rapid cessation of eating 

(Liebling, Eisner, Gibbs, & Smith, 1975). This has led to 

the conclusion that stimulation of the post-gastric region 

is the main factor contributing to the end of a meal. 

However, Deutsch contends that thi6 procedure actually makes 

the animals sick and consequently inhibits feeding (Deutsch, 

1978). Furthermore, he points out that the procedure still 



does not rule out the role of the stomach in terminating 

feeding since during sham feeding food does not collect in 

the stomach as it does during a normal meal. Other studies 

found that stimulation of the pre-gastric and gastric 

regions was sufficient for normal termination of a meal 

(Deutsch, Young & Kalogeris, 1978; Kraly & Smith, 1978). 

Of even more uncertainty than the actual 6ite of 

stimulation leading to satiety are the crucial responses 

which culminate in the cessation of eating. The traditional 

paradigm has been that some physiological variables respond 

to the presence or absence of new food in the digestive 

system. These variables provide signals to feeding and 

satiety systems in the brain which in turn control the 

coordinated behavior of eating. One of the first mechanisms 

proposed to account for short term satiety was inhibition of 

central feeding systems by neural input, via the vagus 

nerve, in response to gastric distention as food accumulates 

in the stomach (Janowitz & Grossman, 1949; Paintal, 1954). 

Since sensations of hunger and the phenomenon of short term 

satiety are still exhibited by individuals following 

vagotomy (Grossman & Stein, 1948) other theorists have 

suggested a blood-borne signal controlling feeding. The 

most frequently proposed blood-borne factors have been 

glucose, lipids, or amino acids (Balagura, 1973). Usually 

these theories have focused upon the initiation of a meal 

with the hypothesis that once the concentration of these 
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factors within the blood falls below a certain level then 

feeding systems are activated. Satiety occurs once the 

blood concentration of these factors are replenished. 

Support for the notion of a satiety signal in the blood came 

from a study which found that hungry rats which were given 

access to food only 30 minutes a day ate half as much when 

50% of their blood was replaced by blood from a donor rat 

which had been maintained on an ad lib feeding schedule 

(Davis, Gallagher, & Ladove, 1967; Davis, Campbell, 

Gallagher, & Zurakov, 1971). The possibility that this 

signal might be of a hormonal nature was suggested by the 

finding that the gut hormone enterogastrone (now known as 

GIP), when injected in mice, significantly reduced the 

amount of liquid diet consumed (Schally, Redding, & Lucien, 

1967). Another gut hormone, cholecystokinin (CCK), which 

has some similar effects on the stomach as enterogastrone, 

was found to also inhibit food intake in rats (Gibbs, Young, 

& Smith, 1973a). Ever since this finding a number of 

studies have appeared in the literature which have tried to 

validate and characterize CCK's role in limiting intake or 

inducing satiety. Its status as a putative satiety hormone 

has become widespread and is now referred to in a number of 

textbooks which discuss the controls of feeding (Bennett, 

1982; Cotman & McGaugh, 19 80; Kandel & Schwartz, 19 81; 

Thompson, 1980). There has recently been an explosive 

interest in the role of peptides as possible 
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neurotransmitters or neuromodulators acting upon a number of 

systems throughout both the peripheral and central nervous 

systems. Cholecystokinin has been one of the most popular 

of these peptides and its possible influence upon feeding is 

only one of a number of physiological actions that may be 

attributed to the compound. Consequently, it has been 

somewhat difficult to isolate the effects of CCK upon eating 

I 
from some of its other actions. There could be multiple 

factors contributing to the reduction of intake besides the 

induction of natural satiety. General malaise, sedation, 

altered sensory perception, or motor impairment are a few 

examples of such factors. For CCK to be considered as a 

naturally acting signal for satiety, several criteria must 

be met. Some of these requirements have been proposed in 

the literature (Gibbs et al, 1973a; Mineka & Snowdon, 1978; 

Mueller & Hsiao, 1978). The primary critieria are: 1) that 

there exist physiological mechanisms which would allow for 

the release of endogenous CCK during a normal meal such that 

it could then influence central feeding systems, either 

directly via blood transport, or through neural input, and 

2) that exogenously administered CCK be proven to reduce 

food intake by tapping into natural satiety mechanisms, 

rather than acting unnaturally (e.g. causing nausea or 

sedation), and that this action be at dose levels within a 

physiological range. Despite numerous research in the last 

decade pertaining to CCK and its possible role in the 



natural control of feeding, support for tie above criteria 

is still equivocal as the following reviev of research 

findings will illustrate. 

Cholecystokinin is a polypeptide vbich exists in 

several different molecular forms throughout the body. The 

predominant forms are a molecule 33 amino acids long 

(CCK-33) and two short forms (CCK-8 and CCF—4) consisting of 

the 8 or 4 carboxy-terminal-- amino acids of CCK-33. It 

appears that CCK-8 and CCK-4 are the biologically active 

forms of the hormone and the longer CCK molecules are 

precursors (Rehfeld, 1978). The last 5 carboxy-terminal 

amino acids of CCK and gastrin, another gastrointestinal 

hormone, are identical. A sulfated tyrosyl residue is 

present in the seventh position from the caxboxy-terminal of 

CCK, When desulfated the CCK molecule exhibits more of a 

gastrin like pattern of action. 

Cholecystokinin has been established as an important 

gastrointestinal hormone. Johnson (19 81) has summarized the 

physiological release and actions of CCK iti the gut. It is 

released from the small intestines in decreasing amounts 

from the duodenum to the ileum in response to certain 

chemical properties of digested food. The most potent 

releasers of CCK are 8-carbon chain or longer fatty acids 

and their monoglycerides. Peptides and single amino acids, 

especially phenylalanine and tryptophan, also release CCK, 

as may the presence of acid in the duodeuum. The primary 
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physiological actions of CCE so the digestive system are the 

stimulation of contractions of the gall bladder (for which 

the hormone was named), stimulation of pancreatic 

bicarbonate and enzyme secretion, stimulation of bile 

bicarbonate secretio-n, and the inhibition of gastric 

emptying. Cholecystokinin also appears to have a trophic 

effect on growth of the pancreas and mucosa of the gut. 

Thi6 knowledge has led to the speculation that CCK 

could indeed be a signal of short term satiety since it is 

released into the blood a6 soon as part of a meal begins to 

reach the upper small intestines. However, the mechanism by 

which such an increase in CCK release can affect feeding has 

yet to be demonstrated. 

Cholecystokinin has also been found recently to be 

present in the brain of dogs, rats, rabbits, monkeys, hogs, 

and humans (Dockray, 1976; Innis, Correa, Uhl, Schneider, & 

Snyder, 1979; Muller, Straus, & Yalow, 1977; Rehfeld, 1978; 

Straus & Tallow, 1978; Straus, Muller, Choi, Paronetto, & 

Talow, 1977). It was found to be widely distributed 

throughout the cerebral cortex (Lamers, Morley, Poitras, 

Sharp, Carlson, Hershman, & Walsh, 19 80; Muller et al, 1977; 

Rehfeld, 1978; Straus et al, 1977). High concentrations 

were also found in the periacqueductal gray, dorsomedial 

hypothalamus, hippocampus, claustrum, piriform cortex and 

parts of the corpus striatum (Innis et al, 1978; Meyer, 

Beinfeld, Oertell, & Brownstein, 19 82; Rehfeld, 1978). The 



calcium dependent release of CCK from rat brain slices and 

synaptosomes has been demonstrated (Dockray, Dodd, 

Edwardson, & Hardy, 19 80 ; Emscin, Lee, & Rehfeld, 19 80 ; 

Pinget, Straus, & Yalow, 1979). Receptors with high 

affinity CCK specific binding were also found in the rat 

brain with regional distribution parallel to the reported 

central location of endogenous CCK (Saito, Sankaran, 

Goldfine, & Williams, 19 80 ). Certain mesolimbic neurons of 

the rat brain have been identified which contain both 

dopamine and CCK (Hokfelt, Rehfeld, Skirboll, Ivemark, 

Goldstein, & Mar key, 19 80). Intravenous and iontophor eti c 

application of CCK has been found to increase neuronal 

activity in regions of the substantia nigra and ventral 

tegmentum previously shown to contain co-existing dopamine 

and CCK neurons (Skirboll, Grace, Hommer, Rehfeld, 

Goldstein, Hokfelt, & Bunney, 1981). Other 

electrophysiological studies found that iontophoretic 

application of CCK affected a few hypothalamic neurons and 

excited about 20% of cortical neurons sampled in the rat 

brain (Ishibashi, Oomura, Okajima, & Shibata, 1979; Phillis 

& Kirkpatrick, 19 80). A reduction in dopamine turnover in 

the caudate putamen and nucleus accumbens of rat brains was 

also found following pretreatment with CCK (Fuxe, Andersson 

Locatelli, Agnati, Hokfelt, Skirboll, & Mutt, 1980). Thus 

CCK has become a candidate as a neurotransmitter or 

neuromodulator in the central nervous system. Consequently 
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CCK may centrally mediate other functions besides, or 

instead of, the control of feeding. Due to its presence in 

parts of the basal ganglia, and reduced levels of CCK in the 

basal ganglia of autopsied brains from Huntington disease 

patients (Emson, Rehfeld, Langevin, & Rossor, 1980), CCK may 

play an integral role in the extrapyramidal syst em. Rehfeld 

(1980) has recommended, when discussing CCK's potential 

involvement in short term satiety, that its central actions 

be kept separate from the consequences of its peripheral 

release during a meal. 

There is still some controversy over whether 

administration of CCK, or possibly its endogenous release, 

results in a decrease of feeding by acting at a peripheral 

or central site. Low doses of CCK infused into the lateral 

ventricles of sheep have been shown to suppress feeding 

(Della-Fera & Baile, 1979). Similar administration of a . 

specific competitive antagonist of CCK significantly 

increased the amount of consumption in sheep (Della-Fera, 

Baile, & Peiken, 1981). On the other hand, there have been 

mixed results with central injections of CCK in rats. 

Although intracerebroventricular (i.e.v.) administration of 

CCK reduced bar pressing for food (Haddison, 1977), another 

study employing central injections did not see a reduction 

of food intake (Della-Fera & Baile, 1979). Furthermore, CCK 

was still effective in reducing intake in rats following 

lesions of the ventromedial hypothalamus (VMH) (Kulkosky, 



Breckenridge, Krinsky, & Hoods, 1976), thus ruling out the 

VMH as a site of central action for CCK. Peripherally 

administered CCK reduced tail pinch*stimulated eating in 

rats at dose levels as low or lower than those effective 

when administered i.e.v. (Levine & Morley, 19 81; Nemeroff, 

Osbahr, Bissette, Jahnke, Lipton, Prange, 1978). In the 

fasted monkey, low doses of CCK given systemically were only 

effective in reducing intake when a saline load was first 

infused into the stomach (Moran & McHugh, 19 82 ). This 

suggested that CCK may have affected feeding as a result of 

its inhibition of gastric emptying and the subsequent 

gastric distention. Smith and his colleagues (Smith, 

Jerome, Cushin, Gterno, & Simansky, 19 81), found that 

abdominal or gastric vagotomy reduced or eliminated the 

effects of CCK upon feeding in rats. However, others did 

not confirm this finding with rats or rabbits (Anika, Houpt, 

& Houpt, 1977; Houpt, Anika, & Wolff, 1978). 

Cho lecy stokinin could have central effects by 

altering neural input to the central nervous system (CNS), 

or by acting directly on the CNS. Although plasma levels of 

CCK increase and peak about two hours following a meal 

(Burhol, Rayford, Jorde, Waldum, Schulz , & Thompson, 19 80 ), 

Rehfeld (1980) felt that naturally circulating plasma levels 

of CCK were too low in man, less than 120 pmol (Burhol et 

al, 1980; Byrnes, Henderson, Borody, & Rehfeld, 1981), to 

act as a central blood-borne satiety signal. There also 
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remains controversy over whether or not a significant amount 

of the hydrophilic molecules of CCK-33 and CCK-8 can cross 

the blood-brain barrier (Rehfeld, 19 80). 

Support for the assertion that CCK reduces food 

intake by acting through natural satiety mechanisms has been 

provided somewhat circumstantially. A number of 

investigators have shown that, although effective in 

inhibiting feeding, CCK did not significantly reduce water 

intake in rats, mice, or sheep (Anika et al, 1977; 

Della-Fera & Baile, 1979; Gibbs et al, 1973a; Mueller & 

Hsiao, 1977; Parrott & Batt, 1980; Waldbillig & O'Callaghan, 

1980). Treatment with CCK was also demonstrated to not 

produce a taste aversion in rats and rabbits (Gibbs, et al, 

1973a; Holt, Antin, Gibbs, Young, & Smith, 1974; Houpt et 

al, 1978). However, Deutsch and Hardy (1977), using a more 

sensitive test of taste aversion, were able to demonstrate, 

in rats, an avoidance of a CCK treatment paired solution. 

Cholecystokinin has also been reported to induce the 

"complete behavioral sequence of 6atiety" in rats (Antin, 

Gibbs, Holt, Young, & Smith, 1975), which consisted of 

feeding followed by grooming and exploration, and then rest 

and sleep. 

Other studies which have been interpreted as 

providing support for CCK as a satiety agent include the 

following. Sham feeding is reduced in rats or monkeys 

following CCK administration (Antin, Gibbs, & Smith, 1978; 
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Falasco, Smith, & Gibbs, 1979; Gibbs, Young, & Smith, 1973b; 

Lorenz, Kreielsheimer, & Smith, 1979). In the case of 

monkeys this appeared to be a pharmacologic rather than 

physiologic effect. Cholecystokinin also prolonged the 

intermeal interval in rats (Hsiao, Wang, & Schallert, 1979), 

though it did not account for the meal size-intermeal 

interval correlation in the rat (Kraly, 1981). Decreased 

levels of CCK in the cortex have been reported for 

genetically obese mice (Straus & Yallow, 1979). This has 

not been confirmed by others (see Morley, 1980 & 19 82 , for a 

review). Cholecystokinin has also been reported to be less 

effective in reducing feeding in Zucker obese rats 

(McLaughlin & Baile, 19 80 ), although another study found it 

to be quite effective in genetically obese mice (Parrott & 

Batt, 1980). Human studies have provided mixed results on 

the ability of CCK to reduce appetite or consumption 

(Greenway & Bray, 1977; Kisseleff, Pi-Sunyer, Thornton, & 

Smith, 1981; Stacher, Bauer, & Steinringer, 1979; Sturdevant 

& Goetz, 1976). 

A number of other effects of CCK treatment have been 

reported which are not necessarily as supportive of its role 

in regulating satiety. Cholecystokinin was not effective in 

reducing the number of bar presses for food during 

extinction (Gosnell & Hsiao, 1981; Hsiao & Deupree, 1983). 

Repeated treatment with CCK produced inconsistent effects 

upon feeding in rats with a possible habituation of its 
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anorexic effects (Mineka & Snowdon, 1978). Cholecystokinin 

was also found to have less of a depressive effect on 

feeding during the night than during the day (Kraly, 19 81; 

McLaughlin & Baile, 19 80). At low doses, CCK actually 

increased nightime feeding (Kraly, 1981). The suppressant 

effect of CCK on the percent consumption of a milk diet was 

equivalent regardless of the number of hours of food or 

water deprivation prior to testing (Mueller & Hsiao, 1979). 

A decrease in exploratory tendencies was seen in CCK treated 

mice and rats and was believed to be due to a peripheral 

site of action for CCK (Crawley, Hays, O'Donohue, Paul, & 

Goodwin, 1981; Crawley, Hays, Paul, & Goodwin, 1981). Low 

doses of CCK, administered i.e.v., impaired the acquisition 

of active avoidance and conditioned feeding behavior in rats 

(Fekete, Szabo', Balazs, Penke, & Telegdy, 1981). 

Subcutaneous application of very large doses of CCK in mice 

induced catalepsy, reduced stereotyped gnawing, caused 

ptosis, reduced rearing activity, prolonged hexobarbital 

induced sleep, and antagonized the action of convulsants 

(Zetler, 19 80 , 1981 ). Introcerebroventr i cular injections of 

CCK in rats have also prolonged pentobarbital and ethanol 

induced sleep and antagonized the behavioral arousal 

following L-DOPA and methamphetamine treatment (Itoh & 

Katsuura, 19 81; Katsuura & Itoh, 1982). Hyperglycemia was 

seen in rats following central administration of CCK (Levine 

& Morley, 1981; Morley & Levine, 1981), whereas peripheral 
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treatment resulted in hypoglycemia (McLaughlin & Baile, 

1981) in rats, and increased plasma insulin levels in dogs 

(Williams & Champagne, 1979). 

A8 can be seen from the above survey of the 

literature, a clear picture for the role of CCK in 

regulating short term satiety has yet to emerge. It is, 

however, evident that there are physiological mechanisms 

present in the mammal making such regulation possible. 

This thesis will present four related experiments 

which further examine' the effects of CCK upon feeding in 

rats. As mentioned above, one of the criteria which must be 

met, in order to conclude that CCK is a natural satiety 

hormone, is that exogenous application of CCK reduce food 

intake by acting through the same mechanisms which normally 

lead to the termination of a meal. So far the definitive 

fulfillment of this requirement has been lacking. Whereas 

some studies have reported that CCK induces the natural 

satiety sequence of behaviors and have failed to demonstrate 

any ill effects of CCK, other studies have reported a 

conditioned taste aversion to CCK as well as sedation, and a 

reduction of exploratory behavior (vide supra). 

Changes in the total amount of consumption reveal 

very little information about the underlying causes of such 

alterations. On the other hand, assessing changes in the 

pattern of consumption may prove to be quite insightful. 

Several studies found that bursts of feeding activity for 



rats and humans became progressively shorter as the end of a 

liquid meal approached. At the same time pauses between 

bursts became longer (Allison & Castellan, 1970; Stellar, 

1967). The consumption of a liquid diet provides a very 

convenient way to examine the meal pattern of rats. If the 

drinking spout is part of an electrical circuit then every 

contact with the spout can be recorded. This allows for the 

continual monitoring of momentary lick rates as well as 

measurement of the duration of bursts of drinking and pauses 

over the course of a meal. Allison and Castellan (1970; 

Allison, 1971) used this method to study the pattern of 

intake within a meal for rats. Not only were 

macro-behavioral events examined, such as durations for 

bursts of licking and for pauses, but also micro-behavioral 

events, such as the duration of individual tongue-spout 

contacts and the duration of intervening intervals between 

licks. Those studies reported micro-behavioral adjustments 

as the meal progressed. Although there were not any trends 

found within a burst of licking, when the meal was divided 

into quarters the contact times became shorter and the 

interval between contact times became longer across 

quarters. 

A detailed analysis of rat licking provides not only 

a thorough picture of meal pattern but it also provides an 

assessment of the licking performance itself. The response 

of licking was initially considered to be a simple on-off 
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phenomenon, with an invariable rate of licking of 5 to 7 

licks per second for the rat (Corbit & Luschei, 1969; 

Schaeffer & Premack, 1961). However, statistically 

significant differences in the lick rates of rats and mice 

have been obtained for several different conditions; e.g. 

time of day of testing, deprivation level, and type of test 

solution (Cone & Cone, 1973; Horowitz, Stephan, Smith, & 

Whitney, 1977; Imada, 1964). Thus the parameters of licking 

may be very sensitive to small alterations in the control of 

ingestive behavior. The experiments reported in this thesis 

conducted a detailed analysis of licking responses in rats. 

If CCK inhibits intake by acting through natural satiety 

mechanisms then it should induce a licking pattern similar 

to that seen as satiety approaches without drug 

intervention. Furthermore, if CCK does have an effect on 

the licking pattern then this should be specific to the 

ingestion of a liquid diet under hunger conditions and not 

be present during the drinking of water following water 

deprivation. 

Experiment 1 examines in detail the effects of CCK 

upon the meal pattern of rats. Within burst and within meal 

trends are analyzed as well as effects on the overall 

average value for a number of meal pattern related 

variables. Experiment 2 is a dose-response study of the 

effects of CCK upon the meal pattern related variables which 

proved to be of interest in experiment 1. The third 



experiment looks at the effect 

and the final experiment is a 

CCK upon meal pattern using a 

rats from those employed in th 
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B of CCK upon water intake, 

replication of the effects of 

different and larger group of 

e first three experiments. 



METHODS 

Apparatus 

Three 20 cm x 18 cm x 25 cm wire mesh cages (with 

cross hatches 1 cm x 1 cm) were suspended side by side from 

the top row of a large metal rack. The bottom 3 rows of the 

rack held similar cages for housing the rats between test 

sessions. Three 25 ml glass burettes with .1 ml markings 

were each fitted with a metal spout at one end. These 

spouts were of the same dimensions and type as were the 

spouts on the water bottles used for supplying the rats with 

water in their home cages. The burettes were attached to a 

pivoting metal arm which was part of the metal rack. When 

this arm was in its lowered position each spout lined up 

with one of the three test cages. The spouts were 

positioned on the metal arm such that when the arm was 

lowered each spout would be in the proper orientation for 

the rats to begin drinking. This was the approximate 

location of the water spouts in the home cages. The one 

difference was that in the test situation the spouts did not 

extend into the cage. Instead, there was a 1 mm gap between 

the front of the cage and the tip of the spout. 

Consequently, the rat had to extend its tongue through one 

of the cross hatches in the wire mesh cage in order to make 

contact with the drinking spout. This was necessary to 



insure that the only contact between the rat and the spout 

was when the rat was actually engaged in licking. 

Detection of each lick was permitted by an 

electrical circuit in which each rat acted as a switch. 

When the rat's tongue made contact with the drinking spout a 

circuit was completed between the spout and the floor of the 

test cage. A tray was propped up beneath the test cage and 

filled with water to a level which slightly flooded the cage 

floor. This provided for a good electrical contact between 

the rat and the floor of the test cage. The sensitivity of 

the circuit was set such that each lick produced by a rat 

resulted in a clean square wave as verified with visual 

inspection on an oscilloscope screen. Under this condition 

less than 10 microamperes of current wa6 passed through each 

rat. In preliminary investigation thi6 current seemed to be 

undetectable to the rats or at least of little consequence 

on their behavior. The rats did not exhibit any reaction 

when first making contact with the spout and the volume 

which they consumed did not change when the circuit was on 

or off. The on-off electrical signal produced by licking 

activity was fed in-^parallel to a Grass physiograph recorder 

and an MP200 micronova computer. Each interval and contact 

duration (with millisecond accuracy), for every lick which 

was obtained during a test session, was stored on-line (on 

floppy disk) for later analysis. 

The drug used in each experiment was cholecystokinin 
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octapeptide sulfate (CCK) which was provided by Squibb 

Company under the trade name of Sincalide. 

Training Procedure 

The rats were trained to drink when placed in the 

test cages. This required several weeks of "successive 

approximations". Initially, the rats were food and water 

deprived overnight and then placed in the test cages. The 

glass burettes were filled with water and the drinking 

spouts were positioned such that their tips extended about 1 

cm into the test'cage. As the rats began drinking, the 

spout s were gradually retracted until the tip of the spout 

was located at the final test position of 1 mm outside of 

the cage. Once the rats grew accustomed to drinking with 

the spout in this position then the tray of water was added 

to the set-up. At first some quinine was added to the water 

in the tray (giving it a bitter taste) in order to prevent 

the rats from drinking the water in the tray through the 

floor of their cages. The final step in training consisted 

of shifting the drinking solution to milk (Similac, baby 

formula, mixed at the manufacturer's prescribed 

concentration with cool tap water). By the end of training 

the rats would begin drinking almost immediately upon 

lowering of the spouts into position. 

General Data Analysis 

Several fortran programs were written in order to 
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extract from the raw data some variables reflecting aspects 

of the consummatory behavior. These variables fell into 

three general categories — variables relating to the 

activity of licking, to overall meal pattern, and to the 

amount of intake. 

The following is a list of licking variables and a 

brief definition of each: 

Contact time — the amount of time that the tongue for a 

single lick made contact with the drinking spout. This was 

approximately 65 msec, with a standard deviation of 11 msec. 

First peak interlick interval time -- the amount of time 

between two consecutive contact durations. This represents 

the amount of time that it takes for the rat to retract its 

tongue into its mouth and then re-extend it in order to make 

contact with the spout again. The distinction between an 

interlick interval and a pause was determined by generating 

a histogram of interlick intervals for each rat and each 

session. There was always a large "first peak" of interlick 

intervals which was approximately normally distributed in 

appearance. This peak had a mean around 105 msec and ranged 

from 80 to 160 msec in duration, with a standard deviation 

around 10 msec. The upper limit of the peak-was considered 

to be the break distinguishing between a.pause and an 

interlick interval between two consecutive licks in a burst 

of licking. 
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Second peak interlick interval time — it was found upon 

visual inspection o£ the histograms of interlick intervals 

that a smaller "second peak" often became distinct 

following CCK treatment. This peak corresponded to the 

duration of two interlick intervals plus a contact duration 

(approximately 260 msec). In other words, it corresponded 

to the interlick interval duration which would be obtained 

if a rat was licking at a steady rate but occassionally 

missed making contact with the spout. 

Total lick time -- the duration of a contact time and the 

following interlick interval time. 

Lickrate — the number of licks per second within a solid 

burst (see below) of licking. Only licks with an interlick 

interval falling within the first peak range were included 

in determining this rate. Thus this is an absolute lick 

rate excluding any pauses or missed contacts. 

Percent second peak interlick intervals -- the percent of 

interlick intervals falling within the second peak range out 

of all of the interlick intervals within the first and 

second peak range. 

Variables relating to overall meal pattern were as 

f o 11 ow s : 

Meal duration -- the amount of time between and including 

the first and last lick of the meal. The last lick was 

determined to have occurred when it was followed by a seven 
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minute period without a lick. A preliminary study found 

that once seven minutes had passed since a rat's last lick 

the likelihood of anymore licking to occur within the next 

20 minutes was very small. Thus this was the criterion used 

for termination of a meal. 

Burst duration -- the amount of time between and including 

the first and last lick of a burst. A burst was considered 

to be a period of steady licking where every interval time 

within that period was an interval between two consecutive 

licks without any pauses being present. Second peak 

interlick intervals were included within a burst since they 

6till reflected solid .licking without an active pause. A 

burst had to include a minimum of three licks. 

Pause duration -- the amount of time between the end of one 

burst of licking and the beginning of the next burst. 

Consumption related variables were: 

Amount drank — the amount of liquid removed from the glass 

burrette during the test session. This was measured to the 

nearest .1 ml and did not take into account any incidental 

spillage involved in the process of licking. 

Amount per lick — the amount drank within a test session 

divided by the number of licks for that session. 



EXPERIMENT 1 

Subjects and Housing Conditions 

Six male albino rats obtained from Charles River 

breeding colony were used for this first experiment. They 

were about six moiiths of age, with a weight range from 450 

gms to 600 gms. They were housed individually in wire mesh 

cages (see above for details) in a private laboratory room 

with a 12 hour light-12 hour dark cycle and were maintained 

ad lib on Purina rat chow and tap water. 

Experimental Procedure 

For four consecutive days each rat's food was 

removed during the early part of their light cycle. Five 

hours later they were weighed and then injected 

intraperitoneally (i.p.) with CCK, 2 micrograms/kilogram 

(mcg/kg), or an equal volume of normal saline. The rats 

were placed in the test cage and five minutes following the 

injection the glass burettes with the attached drinking 

spout 6 were lowered into position. Each burette was filled 

with baby formula (Similac). Each rat was allowed to drink 

until there was a seven minute pause since its last lick. 

Each rat received two trials with CCK injections and 

two trials with saline. The order of treatment was 

counterbalanced and randomly assigned to each rat. 



Throughout the test session the contact and interval 

duration of each lick, for each rat, was 6tored on floppy 

disk by an MF200 micronova computer. 

Statistical Procedure 

All of the dependent variables were cross correlated 

with each other and the resulting correlation matrix of 

Pearson product-moment correlation coefficients was examined 

(see Appendix A). The correlation matrix indicated that the 

variables, total number of licks and total burst duration, 

merely duplicated the information provided by the dependent 

variable, amount drank. Both variables, when correlated 

with the amount drank, had a correlation coefficient greater 

than .9. Thus these duplicate variables were not included 

in any of the analyses. The dependent measures which were 

statistically examined were: amount of intake, amount per 

lick, meal duration, average burst duration, average pause 

duration, average contact time, average interlick interval 

time within the first peak range, average interlick interval 

within the second peak range, lickrate, and percent of 

second peak interlick intervals. The effect on the various 

dependent measures of drug (saline vs. CCK) and of the 

repeated measurement under both drug conditions (first time 

v 6. second time) was evaluated by a series of 2 X 2 analysis 

of variance (ANOVA). A significance level of .05 was 

adopted for each dependent measure comparison (See the final 
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discussion of this paper in regards to potential Type I 

errors with this design). 

One rat didn't drink any milk during its first CCR 

session. The amount drank and meal duration were both 

scored as zero for that session. A value of zero was 

inappropriate for the other variables whose values are 

dependent upon the occurrence of licking. Consequently, the 

obtained values for that rat during its other CCK session 

were used as estimates for the unmeasured dependent 

variables. 

A series of analyses were also conducted upon 

several of the lick related and meal pattern variables in 

order to determine if there were any linear trends within a 

burst or over the course of a meal. The relative position 

of each contact time, interlick interval time, and total 

lick time within a burst and the meal were determined. This 

was computed upon a percent of time basis. Thus for each 

lick the proportion (per cent-time) of the way into its 

respective burst and meal were calculated. The durations 

for the contact times, interlick interval times, and total 

lick times were correlated with their respective burst and 

meal per cent-times. The resulting Pearson product-moment 

correlation coefficients indicated if there were any 

significant linear trends for these events as a burst or 

meal progressed. For these analyses an interlick interval 

included intervals in both the first and second peak range. 
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The correlation between a contact time and the following 

interlick interval- time wa~s alsb examined. The same type of 

analysis was conducted in order to determine if there were 

any overall linear trends within a meal for the burst 

durations or pause durations. Thus each burst and pause 

duration was correlated with its relative position (again on 

a percent-time basis) in its respective meal. The 

correlation between each burst duration and the following 

pause duration was also determined. 

Results (see Table 1) 

There was a significant reduction in the amount of 

intake with the CCK treatment, F (1,5) • 19.4A, j>. < .01. 

The mean amount of intake was 7.6 ml following saline 

injections and 3.4 ml following the CCK treatment. There 

was also a significant decreased in meal duration following 

treatment with CCK, ¥_ (1,5) • 9.99, j> < .05, with a mean 

duration of 466 sec during control conditions and 189 sec 

for CCK trials. Thus the rats drank less and terminated 

drinking sooner with CCK treatment. An effect upon the 

percent of second peak interlick intervals just missed 

significance, JT (1,5) « 6.6, j> « .0501 . There was a large 

percent of second peak interlick intervals during CCK 

treatment. Thi6 was a dramatic effect never seen during 

saline treatment. The mean percent of second peak interlick 

intervals was 1.3% with saline treatment and 16.6% with CCK 



TABLE 1 Effect of Cholecystoklnln on Milk Intake and Licking Behavior. Mean (S.D.) 

Saline CCK (2yg/kg) 

Measure Trial 1 Trial 2 Trial 1 Trial 2 F ratio 

Amount of Intake (ml) 8.0(4.2) 7.2(3.4)' 4.1(4.3) 2.7(1.7) 19.44** 

Amount per Lick (pi) 4.6(0.8) 4.6(0.7) 4.6(0.9) 4.1(1.4) 0.85 

Meal Duration (sec) 582.8(281.8) 348.7(160.2) 166.3(142.4) 212.0(113.8) 9.99* 

Ave. Contact Time (msec) 60.7(6.1) 67.5(13.1) 58.3(7.1) 58.7(4.5) 3.90 

Ave. 1st Peak Inter-
lick Interval (msec) 

107.3(11.0) 103.2(6.8) 111.3(14.1) 115.7(13.0) 3.36 

Ave. 2nd Peak Inter-
lick Interval (msec) 

255.7(20.2) 246.5(10.5) 262.3(15.7) 270.5(18.5) 2.96 

Lickrate (licks/sec) 5.97(0.55) 5.90(0.58) 6.01(0.47) 5.84(0.46) 0.01 

Percent 2nd Peak Inter-
lick Intervals (%) 

1.7(0.9) 0.8(0.6) 17.2(19.3) 16.0(14.1) 6.60 

Ave. Burst Duration (sec) 11.5(2.2) 14.1(3.7) 8.9(5.5) 9.2(5.2) 4.45 

Ave. Pause Duration (sec) 11.6(8.7) 4.2(4.2) 2.8(3.1) 5.3(5.7) 2.56 

F ratios are for drug effect. *p < .05, **p < .01, df = 1/5 
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treatment. There was not a significant effect for the 

repeated measure on any of the dependent variables nor vere 

there any drug by repeated measure interactions. This 

suggested an independence between trials (no carry over 

effects) inspite of the repeated measure design. 

Examination of the Pearson correlation coefficients 

for linear trends of licking events within a burst or a meal 

showed no consistent pattern (see Appendix B). Although the 

correlation coefficients were often significant for a 

particular test session, many times the trends were in the 

opposite direction between rats or would often reverse for 

the same rat from one test session to the next. For 

example, when considering the correlation of contact times 

with their respective percent-time within a burst, four out 

of twelve saline test sessions resulted in a significant 

negative correlation coefficient and three yielded a 

significant positive correlation, with an overall mean 

correlation of j: « .002. There were two cases where the 

pattern was more definitive and may be worth re-examining 

with a larger sample. The correlation between contact times 

and their percent-time within a meal for saline trials 

resulted in eight out of twelve significantly negative 

correlation coefficients and three significantly positive 

correlations. The other case of interest was for the 

correlation between contact times and the following 

interlick interval times during the CCK test sessions. 
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There were seven out of eleven significantly positive 

correlation coefficients and two significantly negative 

correlations. Further analysis of those positive cases 

indicated that the correlations were only significant when 

the second peak interlick intervals were included. Visual 

inspection of the scatter gram s revealed that a long 

interlick interval falling within the second peak range 

usually followed a contact time of medium to long duration 

(see Appendix C). The two significantly negative 

correlations were a product of both CCK sessions for one 

particular rat which showed the opposite pattern — second 

peak interlick intervals following a short contact time. 

There were also no consistent linear trends for the 

duration of bursts and pauses as a meal progressed. Thus it 

appeared that the only "meal pattern" for rats drinking milk 

was a pattern of continual drinking, at a fairly stable 

lickrate, interrupted periodically by short pauses. 

Discussion 

These results confirm past studies which have 

reported that CCK reduces the amount of intake during a 

meal. In this experiment there was a 55% decrease in the 

average amount of intake following the CCK treatment. Thi6 

magnitude of effect is quite comparable to the 50% reduction 

reported in a similar study (Mueller & Hsiao, 1979) for rats 

tested on baby formula (Similac PM 60/40) following 5 hours 
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of food deprivation and an i.p. injection of 2 meg/kg of 

CCK. 

A further effect of CCK on drinking, not previously 

examined, was a dramatic increase in the percent of long 

interlick intervals. The effect is unmistakable when 

looking at the histograms of interlick intervals or when 

observing the physiograph record of the licking (see Figures 

1 - 6). As mentioned earlier, the long interlick intervals 

corresponded to the interval of time which would be obtained 

if a rat missed the drinking spout within a burst of 

licking. However, another possibility is that a single lick 

was withheld without interrupting the steady rate of 

licking, thus the lick following the long interlick interval 

would occur "on schedule" as if a lick had never been 

missed. Although this latter explanation may seem less 

plausible, there is some indirect support for thi6. If a 

second peak interlick interval represented an attempted lick 

which failed to make contact with the spout then missed 

contacts should be interspersed around partial misses (short 

contact times). Yet, in seven out of eleven CCK sessions 

the second peak interlick intervals almost never followed a 

short contact time. On the other hand, one could argue that 

total misses seldom followed a partial miss because the rats 

compensated following a partial miss, thus insuring adequate 

contact with the spout for the next lick. However, there 

were times following an injection of CCK when a rat would 



Saline Trial 

CCK Trial 

FIG. 1. Physiograph records of a portion of a saline and a CCK 
trial for rat #2. Each vertical line was produced by a single 
lick. Horizontal axis is time (lcm = 8.3sec). Note that during 
the saline trial most interlicK intervals are so short that the 
vertical lines run together. During the CCK trial many licks 
appear separate due to the long second peak interlick intervals. 
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Saline Trial 

CCK Trial 

FIG. 2. Physiograph records of a portion of a saline and a CCK 
trial for rat #6. As in figure 1, each vertical line represents 
a single lick and the horizontal axis is time (lcm = 8.3sec). 
Again note the large number of second peak interlick intervals 
present during the CCK trial which make individual licks within 
a burst of licking discernable. 
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Interlick Interval Time (msec) 

FIG. 3. Histogram of Interlick Intervals Within the First and Second Peak Range for Rat #2 During 
a Saline Trial. 
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FIG. 4. Histogram of Interlick Intervals Within the First and Second Peak Range for Rat #2 During 
a CCK Trial. 
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FIG. 5. Histogram of Interlick Intervals Within the First and Second Peak Range for Rat #6 During 
a Saline Trial. 
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FIG. 6. Histogram of Interlick Intervals Within the First and Second Peak Range for Rat #6 During 
.a CCK Trial. 
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produce up to 15 consecutive second peak interlick 

intervals. It seems unlikely that a rat would attempt to 

lick but miss the spout every other time for 30 consecutive 

licks. Since there was not a trend for interlick intervals 

to become longer as a meal progressed during either saline 

or CCK treatment the long interlick intervals did not appear 

to be a feature of approaching satiety. 

The failure to observe any overall trends in the 

meal pattern or licking events is contrary to the results 

obtained in other studies (Allison, 1971; Allison & 

Castellan, 1970). As mentioned earlier, those studies 

reported that contact times (referred to as on-off times) 

became shorter and interlick intervals (referred to as 

off-on times) became longer as consumption of the liquid 

meal progressed, although there were no trends within a 

burst. They also reported a decrease in burst duration and 

increase in pause duration over the course of a meal. Their 

analysis was based upon dividing the meal into quarters and 

comparing the mean values across the quarters. Their method 

was less sensitive to the variability of each of the 

dependent measures. They also tested each rat only once, 

thus the consistency for a particular rat from meal to meal 

was not assessed. The results of this present experiment 

suggests that if there were trends for the meal pattern or 

lick related variables within a burst or meal then those 

trends were not very robust. 



EXPERIMENT 2 

To further examine the effect of CCK upon drinking a 

liquid meal, a dose-response study was carried out using the 

same six rats from experiment 1. 

Experimental Procedure 

As in experiment 1, each rat was tested for four 

consecutive days at approximately the same time during the 

light half of their dark-light cycle. The standard dilution 

of Similac was again the test substance. Prior to thi6 

experiment it was found that the rats would readily drink 

when placed in the test cage even if not previously 

deprived. Consequently, during this experiment the rats 

were maintained on ad lib food and water at all times except 

during testing. It has been suggested that animals may be 

most sensitive to drug effects upon feeding in the 

undeprived condition (Blundell & Lathan, 1979). At the 

beginning of the test session each rat was weighed and then 

given an i.p. injection of sterile saline or of one of three 

doses of CCK (.4, .8, or 1.6 mcg/kg). The rats were then 

placed in the test cage. The drinking spouts were lowered 

into position five minutes following the. injections. The 

order of treatment were randomized for each rat. 
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Statistical Procedure 

the four drug treatments were compared for mo6t of 

the same dependent measures as were examined in experiment 1 

using a one-way ANOVA. The only difference being that the 

average burst duration and average pause duration were 

excluded from this analysis, since they were not affected by 

CCK in experiment 1, and were of minor interest. The 

Neuman-Keuls test was used to evaluate the individual 

treatment differences for the dependent measures upon which 

the ANOVA yielded an overall significant F value. 

The same rat which didn't drink during one of its 

CCK sessions in experiment 1, did not drink during the high 

CCK dose (1.6 mcg/kg) session. The amount drank and meal 

duration were scored as zero. The values obtained during 

treatment with .8 mg/kg of CCK were used to estimate the 

other, lick related, dependent variables. 

Result8 (see Table 2) 

As in experiment 1, there was a significant 

reduction in the amount of intake with CCK treatment, JF 

(3,15) « 6.42, j> < .01. This reduction was in a dose 

related fashion. The average amount of intake was 8.1 ml 

for saline treatment and 7.0, 5.7, and 3.0 ml for the .4, 

.8, and 1.6 mcg/kg CCK treatments, respectively. The 

Neuman-Keuls test indicated that the amount of intake 

following treatment with 1.6 mcg/kg of CCK was significantly 



TABLE 2 Dose Effect of Cholecystokinin on Milk Intake and Licking Behavior. Mean (S.D.) 

CCK (yg/kg) 

Measure Saline 0.4 0.8 1.6 F ratio 

Amount of Intake (ml) 8.1(3.3) 7.0(5.0) 5.7(3.4) 3.0(1.8) 6.42** 

Amount per Lick (yl) 5.1(0.5) 4.4(0.9) 4.1(0.9) 3.6(0.8) 16.44** 

Meal Duration (sec) 380.8(180.2) 359.3(160.4) 265.7(121.8) 178.2(110.7) 2.48 

Ave. Contact Time (msec) 65.2(8.9) 59.3(6.3) 57.0(4.1) 54.5(4.3) 11.69** 

Ave. 1st Peak Inter-

lick Interval (msec) 

100.5(10.6) 102.3(9.8) 108.0(13.8) 108.2(13.6) 3.69* 

Ave. 2nd Peak Inter-

lick Interval (msec) 

254.3(10.6) 254.8(10.1) 258.3(14.8) 261.8(15.6) .77 

Lickrate (licks/sec) 6.04(0.22) 6.19(0.31) 6.09(0.50) 6.18(0.52) 1.06 

Percent 2nd Peak Inter-
lick Intervals (%) 

0.7(0.4) 2.3(2.5) 4.2(5.4) 7.0(4.8) 4.29* 

F ratios are for the drug effect. *p < .05, **p < .01, df = 3/15 



different from all of the other treatments. There was not a 

significant effect on the meal duration, JF (3,15) * 2.48, _p 

• .10, although there was a decreasing trend as the dose of 

CCK increased (381, 359, 266, and 17 8 sec for the average 

meal duration of each treatment level, starting with saline 

and ending with 1.6 mcg/kg CCK). 

The percent of second peak interlick intervals was 

significantly affected by the treatment, _F (3,15) '= 4.29, j> 

< .025. The percent increased across the dose levels of CCK 

with a mean saline treatment percent of .72% and the mean 

percent for the .4, .8, and 1.6 mcg/kg CCK treatments of 

2.272, 4.25%, and 7.03% respectively. The 1.6 mcg/kg CCK 

treatment was significantly different from the saline and .4 

mcg/kg treatments according to the Neuman-Keuls test. 

In this experiment, in contrast to experiment 1, 

there was an effect of CCK upon the average contact time, X 

(3,15) «= 11.69, p < .001, upon the amount of intake per 

lick, F (3,15) • 16.44, _p < .001, and upon the average first 

peak interlick interval, _F (3,15) • 3.69, j> < .05. The mean 

values for the average contact times for each of the four 

treatments from saline to 1.6 mcg/kg were 65.2, 59.3, 57.0, 

and 54.5 msec, showing a decrease of the contact time with 

an increase of the dose of CCK. The Neuman-Keuls te6t 

indicated that all three CCK dose treatments were 

significantly different from the saline treatment. 

Likewise, there was a decrease in the amount of intake per 
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lick across the treatment levels, with mean amounts of 5.1, 

4.4, 4.1, and 3.6 microliters/lick for saline through the 

1.6 mcg/kg dose of CCK. All of the CCK treatments were 

significantly different from the saline treatment and the 

1.6 mcg/kg CCK treatment was also significantly different 

from all other treatments according to the Neuman-Keul6 

test. 

There was an increase in the average first peak 

interlick interval duration with CCK treatment. The mean 

values from low (saline) to high dose of CCK were 100.5, 

102.3, 108.0, and 108.2 msec. The Neuman-Keuls test 

indicated no significant pairwise comparison for the saline 

and 1.6 mcg/kg comparison. However, the difference between 

the saline and .8 mcg/kg treatment was significant. 

Discussion 

Again, CCK is shown to reduce the amount of intake 

in rats. As in experiment 1, CCK appears to have also 

affected some variables related to the performance of 

licking. This wa6 in a dose related manner. Thus the rats 

were not only drinking less following CCK treatment, but 

also differently, with an increase in the percent of second 

peak interlick intervals, an increase in the duration of 

first peak interlick intervals, a decrease in the average 

contact time, and a decrease in the amount of intake per 

lick. These last three variables seemed to be directly 
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related — a shorter duration of contact with the spout 

resulted in a reduction in the amount of intake per lick and 

an increase in the duration of the interlick interval. 

However, the correlation between contact time and amount of 

intake per lick was only .17 for all sessions in experiment 

1. Similarily, the correlation between contact time and the 

average first peak interlick interval, in experiment 1, was 

only .06. 



EXPERIMENT 3 

Several studies have tested the effects of CCK upon 

water intake following water deprivation (vide supra). They 

reported no effect of CCK upon water intake and concluded 

that the effects of CCK upon intake were specific to food 

intake. Since the detailed analysis of the lick responses 

in the first two experiments in this paper revealed some 

effects of CCK which were separate from changes in the 

volume of intake a third experiment was conducted to see' if 

these same effects would hold up for water consumption 

following water deprivation. 

Experimental Procedure 

The same six rats used in the first two experiments 

were again the subjects in this experiment. The procedure 

was the same as that in experiment 1 except that each rat 

was deprived of water for 16.5 hours prior to testing and 

the test substance was tap water rather than Similac. The 

rats were given access to food at all times except during 

the test sessions. There were four test sessions for each 

rat on four consecutive days. For two sessions they 

received i.p. injections of saline and for the other two 

sessions they were given injections of 2 mcg/kg of CCK. The 

order of treatments were counterbalanced. 

46 
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Statistical Procedure 

The same 2X2 ANOVA design used in experiment 1 was 

again used here. The dependent measures examined were the 

same as those in experiment 2. One of the rats was 

accidentally dropped during the injection on one of its 

saline trials and did not drink during that session. The 

data from that rat's other saline session was used as an 

estimate for both saline trials. The same rat also did not 

begin drinking until over ten minutes had passed since the 

beginning of one'of its CCK trials. Because the drug effect 

may have already begun to wear off the information from its 

other CCK session was used to represent both of its CCK 

sessions. Another rat did not drink at all during both of 

its CCK trials. The value of zero was used in the analysis 

of the dependent measures, amount drank and meal duration, 

for that rat. For the other dependent measures that rat was 

excluded from the analysis. 

Results (see Table 3) 

Once again there was a significant main effect upon 

the amount of consumption, F (1,5) ® 61.98, p < .001. The 

average amount of water consumed during the saline trials 

was 7.0 ml and with CCK treatment was 4.2 ml. There va6 

also a significant increase in the percent of second peak 

interlick intervals with the CCK treatment, _F (1,4) • 12.70, 

p < .025. There was an average of 3.7% and 21.9% second 



TABLE 3 Effect of Cholecystokinin on Water Intake and Licking Behavior. Mean (S.D.) 

Saline CCK (2yg/kg) 

Measure Trial 1 Trial 2 Trial 1 Trial 2 F ratio 

1Amount of Intake (ml) 6.6(5.7) 7.4(2.4) 3.2(5.2) 5.3(4.5) 62.00** 

Amount per Lick (yl) 5.4(1.1) 5.3(0.4) 4.8(1.7) 4.5(1.0) 2.54 

*Meal Duration (sec) 571.2(473.2) 725.7(328.7) 553.3(552.9) 440.5(438.5) 1.19 

Ave. Contact Time (msec) 66.6(11.4) 66.6(9.9) 57.6(9.2) 60.4(2.8) 1.74 

Ave. 1st Peak Inter-
lick Interval (msec) 

99.8(6.8) 99.8(6.7) 116.2(13.7) 115.4(13.5) 8.45* 

Ave. 2nd Peak Inter-
lick Interval (msec) 

244.2(15.6) 245.6(17.5) 261.6(20.2) 265.2(15.4) 5.17 

Lickrate (licks/sec) 6.20(0.29) 6.20(0.25) 5.92(0.67) 5.77(0.41) 2.05 

Percent 2nd Peak Inter-
lick Intervals (%) 

3.4(2.1) 4.0(3.6) 28.4(22.4) 15.3(12.6) 12.70* 

F ratios are for drug effect. < .05, **£ < .01, df = 1/4 

3 df = 1/5 
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peak interlick intervals for the saline and CCK treatments, 

respectively. The effect upon the average first peak 

interlick interval was also significant, F (1,4) • 8.45, p < 

.05. The mean value for saline treatment was 99.8 msec and 

with CCK treatment was 115.8 msec. The repeated measure 

effect was not significant for any of the comparisons nor 

were there any significant drug by repeated measure 

interactions. 

Discussion 

Contrary to previous reports, this experiment 

resulted in a significant decrease in the amount of water 

consumption following CCK treatment. Furthermore, some of 

the same effects seen on licking performance in the first 

two experiments were again seen in this experiment with the 

primary one being the increase in the percent of second peak 

interlick intervals. Thus it appears that the effect of CCK 

was the same regardless of whether or not the rats were 

drinking a nutritive substance or water. 

Explanations for the discrepancy between the finding 

of this experiment and others which saw no effect of CCK 

upon water intake are only speculative. In this experiment 

the rats had to extend their tongues through a gap in the 

wire mesh test cage in order to make contact with the 

drinking spout. In all of the other studies testing for 

water consumption the rats had direct access to the drinking 
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spouts. If treatment with CCK had an effect upon the 

physical act of licking then that effect would be most 

debilitating in the case where there was not direct access 

to the drinking spout. 

4 



EXPERIMENT 4 

A final experiment was conducted to see if the 

effects of CCK which were seen in the first three 

experiments could be replicated with a different group of 

rats. 

Subj ect 8 

Twelve albino rats obtained from Charles River 

breeding colony served as subjects for this experiment. 

They were trained and tested in two separate groups of six. 

There was about a three month difference between the 

training and testing of the two groups. Since both groups 

were from the same shipment and were trained and tested with 

the same procedure their data was pooled. The weight range 

during testing for the first group of six was from 350 - 47 5 

gms. The range for the second group was 500 - 650 gms. 

Experimental Procedure 

The test procedure was very similar to that in the 

first experiment. Food was removed from the home cages five 

hours prior to testing. The rats were injected with either 

2 mcg/kg of CCK or an equal volume of saline and then placed 

in the test cage. Similac was made available five minutes 

following the injection. The one difference from the 

procedure in experiment 1 was that the rats were tested for 



six consecutive days with three saline trials and three CCK 

trials. The order of treatment was randomized for each rat. 

Statistical Procedure 

The same dependent measures analyzed in experiments 

2 and 3 were again examined in this experiment using a two 

factor (2 X3) ANOVA. The two factors were the drug effect* 

with two levels, saline and CCK, and the repeated measure 

effect, with three levels, three measurements at each level 

of drug treatment. Three rats did not drink at all during 

one of their CCK sessions and one did not drink during two 

of its CCK sessions. As in the first three experiments when 

the same thing occurred, the amount drank and meal duration 

were scored as zero. The other measures were estimated from 

the mean value of the remaining CCK sessions for those rats 

where drinking did occur. 

Results (see Table 4) 

There was a significant drug effect upon all 

dependent measures except for the average duration of second 

peak interlick intervals. A significant reduction of intake 

followed CCK treatment, F (1,11) » 44.39, p < .0001, with a 

mean of 7 .0 ml following saline treatment and 3.7 ml 

following treatment with CCK. There was also an interaction 

between the drug and the repeated measure effect for the 

amount of intake. Examination of the cell means suggests 

that the interaction was due to an increase in the amount 



TABLE 4 Replication of Effect of Cholecystoklnln on Milk Intake and Licking Behavior. Mean (S.D.) 

Saline CCK (2yg/kg) 

Measure Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3 1? ratio 

Amount of Intake (ml) 7.9(3.0) 6.4(2.2) 6.6(3.2) 2.8(3.6) 3.0(2.6) 5.4(3.0) 44.39** 

Amount per Lick (yl) 5.5(0.8) 5.3(0.7) 5.6(1.4) 4.2(1.3) 4.7(0.9) 5.1(1.3) 8.94* 

Meal Duration (sec) 645(252) 355(135) 363(194) 312(321) 239(270) 376(267) 10.12** 

Ave. Contact Time (msec) 63(4.8) 63(5.9) 62(5.8) 59(6.8) 61(4.4) 62(4.7) 6.60* 

Ave. 1st Peak Inter-
lick Interval (msec) 

107(8) 108(7) 108(9) 116(11) 116(12) 112(9) 49.99** 

Ave. 2nd Peak Inter-
lick Interval (msec) 

257(15) 258(13) 256(34) 267(12) 262(23) 259(24) 1.31 

Lickrate (licks/sec) 5.9(0.3) 5.8(0.5) 5.9(0.4) 5.7(0.4) 5.6(0.3) 5.8(0.3) 6.48 

Percent 2nd Peak Inter-
lick Intervals (%) 

1.4(1.8) 1.5(1.2) 1.1(1.5) 3.4(3.3) 3.9(4.0) 2.8(2.4) 8.22* 

_F ratios are for drug effect. *£ < .05, **p < .01, df = 1/11 
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drank following CCK treatment across the three CCK trials. 

The respective means for the three CCK trials were 2.8, 3.0, 

and 5.4 ml. The means for the three saline trials were 7.9, 

6.4, and 6.6 ml. 

Treatment with CCK also resulted in a significant 

reduction in the amount of intake per lick, (1,11) • 8.94, 

p < .025, with means of 5.5 and 4.7 microliters/lick for the 

saline trials and CCK trials respectively. 

The meal duration was significantly shorter 

following treatment with CCK, F (1,11) • 10.12, jp < .01. 

The mean for saline trials was 45 4 sec and for CCK trials 

was 309 sec. There was a significant interaction between 

the drug and repeated measure effect. Inspection of the 

cell means suggest that this was due to a sharp decrease in 

meal duration between the first and the other two saline 

trials (means of 645, 355, and 36 2 sec, respectively) and an 

inconsistent pattern across CCK trials (means of 312, 239, 

and 376 sec). 

A significant increase in the average first peak 

interlick intervals was also found for CCK treatment, 

(1,11) » 49.99, p < .0001. The respective saline and CCK 

means were 107.4 msec and 114.9 msec. The percent of second 

peak interlick intervals was significantly greater for the 

CCK tr ial s , _F (1,11) •= 8.22, _p < .025, al though the 

magnitude was not nearly as dramatic as in the first three 

experiments. The average percent for 6aline trials was 1.3% 



and for CCK trials was 3.4%. The average contact time 

showed a decrease for CCK trials, F (1,11) * 6.6, p < .05, 

with saline and CCK means of 62.8 and 60.6 msec, 

respectively. There was also a slight, but statistically 

significant, decrease in lickrate, _F_ (1,11) • 6.48, jp_ < .05, 

from 5.85 licks/second for saline trials to 5.70 

licks/second for CCK trials. The repeated measure effect 

was not significant for any of the dependent measures. 

Discussion 

This experiment confirmed the effects of CCK seen in 

the first three experiments. The increase in average 

consumption across CCK trials may be an indication of some 

habituation to the effect of CCK with repeated injections 

over a short period of time. Mineka and Snowdon (197 8) 

reported ineffectiveness of CCK to reduce intake on the 

sixth and seventh day of repeated CCK injections with a 

smaller dose (about 1.6 mcg/kg). They note that habituation 

to the effects of CCK upon consumption would contraindicate 

the compound as a natural satiety hormone. Further study of 

repeated administration of CCK may be worthwhile. It would 

be of interest to see if there is a differential habituation 

of the effects of CCK upon the amount of intake and licking 

performance. In this experiment there was not a repeated 

measure effect or interaction for the dependent measures 

relating to licking performance, such as interval time and 
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percent of second peak interlick interval time. 

Although there vas a significant increase in the 

percent of second peak interlick intervals with CCK 

treatment, the magnitude of effect was not nearly as great 

as for the first three experiments. The average percent for 

CCK trials was only 3.4% for this experiment as compared to 

16.6% for the first experiment. There is no obvious 

explanation for this. Further replication with other groups 

and strains of rats would help determine the consistenty and 

strength of this effect. 

t 



GENERAL DISCUSSION 

The results of all four experiments were similar. 

In each experiment a significant reduction of intake 

occurred with CCK treatment. Variables relating to the 

performance of licking were also affected by CCK treatment, 

with the most notable effects being a decrease in contact 

time, a decrease in amount per lick, an increase in first 

peak interlick interval time, and an increase in the percent 

of second peak interlick intervals. These effects were of a 

dose dependent nature, and were independent of the degree or 

type of deprivation (food or water) or type of test 

substance (Similac or water). An analysis of such a large 

number of dependent variables (if independent of each other) 

and a repeated measure design, which may have heterogeneous 

variances and subject by treatment interactions, greatly 

increases the probability of making a type I error (falsely 

rejecting a hypothesis of no CCK effect). Since many of the 

dependent measures in these experiments were highly 

correlated with each other, and in four similar experimental 

replications the same variables were significant, the 

probability that a type I error has been made in the 

interpretation of these results is small. 

The attempt to detect a trend for meal pattern or 

licking related variables as a meal progressed was 
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unsuccessful. Although other studies have reported such 

trends (Allison, 1971; Allison & Castellan, 1970; Stellar, 

1967), it appears that for the experiments reported in this 

thesis feeding was primarily an on-off phenomenon. Thus no 

changes in the amount of time the rat spent licking or the 

manner in which licking occurred coincided with the 

termination of the meal. Perhaps some trends may emerge for 

longer meals following longer periods of deprivation. 

Nevertheless, the lack of alterations in the licking 

behavior as the end of the meal approached is important 

given that treatment with CCK had some very definite effects 

on the licking behavior. This introduces the possibility 

that the effect of CCK injections upon drinking nutritive 

substance may be unrelated to the processes involved in the 

natural termination of a meal. Further support for this 
I  

consideration is the fact that CCK had the same effects when 

rats were drinking water, following water deprivation. In 

all four experiments the rats drank less following CCK 

treatment. This was not, however, due to just shorter 

meals. There also was a change in the efficiency of 

licking. Contact times were shorter, interlick intervals 

were longer, and the amount per lick was less. There was 

also a significant increase in the proportion of second peak 

interlick intervals which occurred after CCK injections. 

Thus, licking was disrupted to the point that either a 

number of attempted licks missed the spout or the lickrate 



periodically slipped into "half-speed" with every other lick 

frequently being withheld. There was also a surprising 

number of CCK sessions where the rat didn't drink at all --

10 out of 7 8. This was never seen following saline 

injections. The most likely explanation for these results, 

based on the available information, is that CCK, in some 

way, interfered with the motor performance involved in 

licking and may also have caused some general malaise. 

How such interference could occur requires a brief 

review of the physiology of motor control of the tongue. 

Neural input to the tongue muscles is provided by the 

hypoglossal nerve. There is some evidence for a pattern 

generator or hypoglossal oscillator in the hypoglossal 

nucleus of the medulla which provides for the rhythmic 

activity of licking in rats (Wiesenfeld, Halpern, & Tapper, 

1977). Further input for the control of tongue movements 

come from cortical sites, especially the anterior part of 

the orbital gyrus (Lowe, 19 81). Regulation of tongue 

movements may also be provided by proprioceptive afferents 

travelling in the trigeminal (V), glossopharyngeal (IX), 

vagus (X), or hypoglossal (XII) cranial nerves (Lowe, 19 81). 

Lesions to parts of the V, IX, and XII cranial nerves have 

all been shown to affect the efficiency and accuracy of rat 

licking (Weijnen, 19 80 ). Consequently, there are a  number 

of neural sites where CCK could have acted to cause an 

alteration in lick performance. 
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For CCK to have acted at one of the sites within the 

CNS would require that the compound, administered 

peripherally, be able to cross the blood brain barrier. 

Although some investigators have questioned whether 

peripherally administered CCK can enter the CNS, Skirboll et 

al (1981) concluded that it had in their studies. If such 

action was not possible, CCK could still have affected the 

motor control of tongue activity by acting on the afferent 

proprioceptive signals provided to the CNS. It has been 

suggested that CCK may also affect taste afferents which 

travel along some of the same nerves (Gosnell, 19 82 ). The 

effect of CCK upon food intake has been reported to 

disappear following subdiaphragmatic vagotomy (Smith et al, 

1981). It would be interesting to see if vagotomy also 

abolishes CCK's effects on licking performance. 

Lesions to areas within the basal ganglia and corpus 

striatum (zona incerta, globus pallidus, lateral 

hypothalamus, and amygdala) of rats have also been shown to 

affect oral motor performance (Brimley & Mogenson, 1979). 

Lesions were produced either electrolytically or by 

microinjections of 6-hydroxy-dopamine (which destroys only 

catecholamine containing neurons). These lesions resulted 

in a reduction of the distance rats were able to extend 

their tongues. Injection of the dopamine antagonist, 

spiroperidol, into the nucleus accumbens of rats al6o 

decreased the distance of tongue extension (Jones & 
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Mogenson, 1979). The authors concluded that mesolimbic 

dopaminergic neurons projecting to the nucleus accumbens may 

be very important in the control of oral motor responses. 

This is interesting since those authors are implicating some 

of the same mesolimbic neurons shown by others to contain 

both CCK and dopamine (Hokfelt et al, 19 80 ). Thus, a 

responsiveness of those mesolimbic neurons to-exogenous CCK 

is quite plausible. Studies of licking responses in rats 

following injections of CCK into central 6ites, such as the 

nucleus accumbens, may further support the existence of a 

mesolimbic dopamine system involved in oral motor 

performance and the possible modulation of that system by 

endogenous CCK. 

Although the means by which CCK produced the effect 

upon licking behavior seen in the experiments reported here 

is unknown, it does appear clear that CCK disrupted normal 

licking, such that the parameters of licking became less 

efficient. Motor impairment following treatment with CCK 

could certainly account for a reduction in intake. If this 

impairment was fairly specific, such that motor behavior of 

an oral nature was primarily affected, then it would not be 

surprising that other investigators, when only observing 

general motor activity, would conclude that CCK had no ill 

ef fect 8. 

The effects on licking performance seen in these 

experiments may be unique to CCK. Another gastrointestinal 



hormone, bombesin, which also reduces food intake in rats, 

was found to have no effect on licking efficiency (Hsiao & 

Spencer, 1983). 

These experiments are not supportive of a role for 

CCK as a potential short-term satiety hormone. It is 

possible that the pharmacologic doses used in these 

experiments produced a side effect which is separate from 

the action of endogenous CCK in the control of food intake. 

However, these doses were not any larger than those employed 

in most studies which have led to the development of the CCK 

short-term satiety hormone theory (Antin et al, 1975; Gibbs 

et al, 1973a; Holt et al, 1974; Mueller & Hsiao, 1977). 

The integration and control of the various factors 

involved in regulating food intake is certainly complex. 

Behavioral studies which employ one or only several gross 

dependent measures, such as the amount of consumption, may 

be very misleading. Future investigations should not be 

limited to a search for a single satiety factor. A detailed 

analysis of the stimuli and responses involved in feeding 

will undoubtedly help aid such investigations. The 

widespread presence of CCK throughout both the central and 

peripheral nervous systems make it a very interesting 

compound to study. It's role in regulating behaviors, 

including those apart from feeding, should be investigated 

more thoroughly. 



APPENDIX A 

CORRELATION OF DEPENDENT MEASURES 
IN EXPERIMENT 1 

The correlation coefficients are for both saline 

trials, thus n=12. 
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1. Amount of Intake .67 .39 -.48 

2. Meal Duration 

3. Ave. Contact Time 

.27 -.21 

.06 

4. Ave. 1st Peak Inter-
lick Interval 

5. Lickrate 

6. Ave. 2nd Peak Inter-
lick Interval 

7. % 2nd Peak Inter-
lick Intervals 

8. Amount per Lick 

9. Ave. Burst Dur

ation 

10. Ave. Pause Dur

ation 

11. Number of Licks 

12. Total Burst 
Duration 

5 6 7 8 9 10 11 12 

03 -.46 -.57 .56 .53 .04 .97 .94 

10 -.13 -.49 .03 .15 .70 .78 .78 

69 -.03 -.23 .17 .25 -.15 .39 .48 

75 .89 .73 -.61 -.59 -.15 -.41 -.32 

-.64 -.29 .31 .20 .17 -.04 -.16 

.56 -.56 -.58 .01 -.37 -.30 

-.35 -.68 -.29 -.61 -.57 

.52 -.32 .39 .35 

-.16 .48 .46 

.17 .14 

.99 



APPENDIX B 

TABLES OF CORRELATIONS 
FOR TREND ANALYSES 

Correlation of Contact time with Percent-Time into Burst 

Saline CCK (2yg/kg) 

Rat it Trial 1 Trial 2 Trial 1 Trial 2 

1 .03 -.02 .04 .00 

2 -.03 -.06* -.03 -.02 

3 .15* .18* .01 .10* 

4 -.18* -.08* -.17* -.07 

5 -.01 -.05* -.17 .03 

6 -.01 .10* - .06 

Average -.01 .01 -.06 .02 

Correlation of Contact Time with Percent-Time into Meal 

Saline CCK (2yg/kg) 

Rat # Trial 1 Trial 2 Trial 1 Trial 2 

1 .00 -.23* -.02 -.01 

2 -.11* -.06* .03 -.12* 

3 .12* .49* -.08* .35* 

4 .12* -.10* -.15* -.08 

5 -.25* -.27* .17 .08* 

6 -.22* -.34* - .21* 

Average -.02 -.09 -.01 - .07 

* probability that obtained r is less than .05 
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Correlation of First and Second Peak Interlick Intervals 
with Percent-Time into Burst 

Saline CCK (2yg/kg) 

Rat # Trial 1 Trial 2 Trial 1 Trial 2 

1 .01 

o
 

o
 

•
 

o
 

o
 

•
 .01 

2 .02 -.05* .15* i •
 
o
 

Ln
 

3 -.12* -.03 -.13* .01 

4 .00 -.06* -.01 i •
 
O
 

5 -.07* .04 -.08 .12* 

6 -.09* .01 - .01 

Average -.04 -.02 -.01 .00 

Correlation of First and Second 
with Percent-Time 

Peak Interlick 
into Meal 

Intervals 

Saline CCK (2yg/kg) 

Rat # Trial 1 Trial 2 Trial 1 Trial 2 

1 -.01 .05 .09* .13* 

2 .16* .20* -.17* -.38* 

3 -.07 -.13* .01 -.18* 

4 -.27* .12* -.01 -.30* 

5 .04 -.23* -.03 .07 

6 •
 
o
 

1—
» 

.02 - -.06 

Average -.02 

o
 

o
 

•
 -.02 -.12 

* probability that obtained x_ is less than .05 



Correlation of Total Lick Time with Percent-Time into Burst 

Saline CCK (2yg/kg) 

Rat # Trial 1 Trial 2 Trial 1 Trial 2 

1 .01 -.02 .02 .01 

2 .00 -.07* .12* -.05 

3 

0
 

•
 

1 .10* -.11* .09 

' 4 -.09* -.09* -.10* -.10 

5 -.05* .02 -.10 - .11* 

6 -.07* .08* - .02 

Average i o
 o

 
o
 

•
 -.03 .01 

Correlation of Total Lick Time with Percent-Time into Meal 

Rat # 

Saline CCK (2jjg/kg) 

Rat # Trial 1 Trial 2 Trial 1 Trial 2 

1 i •
 

o
 

-.09* .07* .11* 

2 .08* .14* -.14* -.38* 

3 -.01 .23* -.02 .03 

4 -.15* .03 -.10* -.29* 

5 -.08* -.35* .01 .08* 

6 -.12* -.19* -

o
 

o
 

•
 

Average -.05 -.04 i o
 

-p
-

-.08 

* probability that obtained r is less than .05 



Correlation of Burst Duration with Percent-Time into Burst 

9 Saline CCK (2yg/kg) 

Rat # Trial 1 Trial 2 Trial 1 Trial 2 

1 -.04 .23 -.85* .59 

2 -.23 -.70* -.14 .76* 

3 .07 -.25 -.64* .24 

4 -.30 -.16 .03 .18 

5 -.30 .37 -.14 .09 

6 .39* -.24 - .19 

Average -.07 -.12 -.35 .34 

Correlation of Pause Duration with Percent-Time into Meal 

Saline CCK (2yg/kg) 

Rat # Trial 1 Trial 2 Trial 1 Trial 2 

1 .18 .08 .49 -.30 

2 .13 .22 .14 .43 

3 .54 .90 .14 .91* 

4 .39* .18 .34* -.62* 

5 -.10 .32* -.20 -.11 

6 .13 .30 - .13 

Average .21 .33 .18 .07 

* probability that obtained _r is less than .05 



Correlation of Burst Duration 
with the Following Pause Duration 

Rat # 

Saline CCK (2yg/kg) 

Rat # Trial 1 Trial 2 Trial 1 Trial 2 

1 -.04 -.31 -.19 -.22 

2 .24 .04 .41 .43 

3 -.26 .66 -.27 .09 

4 .09 .22 -.15 -.18 

5 -.16 -.11 -.36 .23 

6 -.20 -.06 - -.12 

Average -.06 .07 -.11 .04 

Correlation of Contact Time with Following 
First or Second Peak Interlick Interval Time 

Rat # 

Saline CCK (2yg/kg) 

Rat # Trial 1 Trial 2 Trial 1 Trial 2 

1 -.07* -.05* -.05 .29* 

2 .01 -.05 .33* .17* 

3 -.04 -.17* -.09* -.20* 

4 

CM O
 

•
 

i-
H o
 

r
 .00 .22* 

5 -.03 -.01 .39* .30* 

6 -.12* .02 - .24* 

Average -.04 

o
 

•
 

1 .12 .17 

* probability that obtained r_ is less than .05 



APPENDIX C 

SCATTERGRAM FOR CORRELATION OF CONTACT TIME 
WITH FOLLOWING INTERLICK INTERVAL TIME 

The scattergram is based on a CCK session for rat #1. 

Note the relatively small cluster of points to the right which 

corresponds to second peak interlick interval times. 
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