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ABSTRACT 

Cholecystokinin octapeptide (CCK-8) is a gastrointestinal 

hormone known to reduce food intake in rats. CCK-8 has been found 

widely distributed in rat brains with corresponding receptor sites. 

Intraperitoneal injections (i.p.) of CCK-8 have been shown to modulate 

electrical activity in several different brain areas. Past studies 

have suggested that CCK-8 produces satiety by modulating hypothalamic 

neuronal activity. The purpose of this study was to assess the effects 

of i.p. injections of CCK-8 on the neuronal activity in the lateral 

hypothalamus (LH) in the anesthetized rat using auditory evoked 

responses (AER). The results showed that CCK-8 had no effect on the 

short-latency AER from LH. This indicates that direct involvement of 

LH in the satiety effect of CCK-8 is unlikely. 

viii 



INTRODUCTION 

Traditional views regarding the regulation of food intake by the 

brain hold that the ventromedial hypothalamus (VMH) and the lateral 

hypothalamus (LH) are the major contributors to this process (Stellar, 

1954). This viewpoint is based on the results of several studies. For 

example, bilateral lesions of the VMH leads to severe hyperphagia and 

subsequent obesity (Hetherington and Ranson, 1942; Brobeck, Tepperman and 

Long, 1943). This finding has been replicated many times in the last 40 

years and it is accepted widely in the scientific community. Anand and 

Brobeck (1951) found that bilateral lesions of the lateral hypothalamus 

resulted in severe aphagia from which the animals would starve to death 

if they were not force-fed. Electrical stimulation of the hypothalamus 

corresponds with changes in feeding behavior. Stimulation of the LH 

elicits feeding (Brugger, 1943; Delgado and Anand, 1953) whereas VMH 

stimulation suppresses feeding (Anand and Dua, 1954). These early 

studies suggest that the LH is involved in the initiation of feeding and 

VMH in the stopping of feeding or satiety. 

Much research has been devoted to analysis of the cues that 

interact with the two hypothalamic areas to regulate food intake. There 

are two views regarding regulatory cues: the first holds that short-term 

cues regulate the size of individual meals, and the second suggests that 

long-term cues regulate overall body weight. Short-term cues include 

those provided by receptors that are sensitive to the chemical properties 
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of the food in the mouth and in the gastrointestinal system to inhibit 

feeding. Some short-term signals are sent to the brain via afferent 

autonomic pathways (vagus nerve) from the stomach wall to the hypothala

mus (Smith et al., 1981). 

Several clues that are carried in the bloodstream also may be 

important in the regulation of feeding behavior. For example, the pep

tides that have been reported to reduce food intake in one or more 

species include cholecystokinin and bombesin (Gibbs et al., 1973; Gibbs 

et al., 1979), somatostatin (Guillemin and Gerich, 1976), glucagon 

(Martin and Novin, 1977), gastrin and secretin (Lorenz et al., 1979), 

and caerulein (Stern et al., 1976). Among these peptides, cholecysto

kinin (CCK), particularly in octapeptide form, has been the most inten

sively investigated and shows the most promise among the gut hormones 

as a putative short-term satiety signal (Mueller and Hsiao, 1977; Smith 

et al., 1974; Gibbs et al., 1973). 

Food passing through the gastrointestinal tract triggers the 

release of the hormone CCK (Wang and Grossman, 1951). Studies of normal 

canine subjects, in which pancreatic enzyme secretion was used as an 

index of CCK concentration in the bloodstream, suggest that the principal 

stimuli for CCK release are the products of protein and fat digestion in 

the intestinal lumen (Meyer, 1981). In rat, intraperitoneal or intra

venous administration of the synthetic analog CCK-8 produces a satiety 

effect (Gibbs, Young and Smith, 1973). The satiety effect of CCK has 

been reproduced many times in recent years, but only recently has an 
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interaction between the brain and the gut-released hormone CCK been 

observed. 

There have been many experiments that confirm CCK's presence in 

the brain. The results of immunochemical studies indicate that CCK 

exists in high concentrations in brain as well as in gut (Dockray, 1977). 

Within the cerebral cortex of the rat, the highest CCK concentrations are 

found in the cingulate, pyriform and entorhinal areas (Beinfeld et al., 

1981). Substantial CCK concentrations are found in all other brain 

regions with the exception of the pons, medulla, and cerebellum. Outside 

of the cerebral cortex, the highest concentration is in the caudate 

nucleus. Using histochemical fluorescence, localization of dense collec

tions of cells that contain CCK containing cells have been found in the 

periaqueductal gray and in the dorsomedial hypothalamus, with fewer groups 

of cells in the pyramidal layer of the hippocampus and the dorsal raphe 

(Morley, 1982). Cholecystokinin-8-like immunoreactive (CCKI) fibers were 

found to be concentrated moderately in the ventromedial hypothalamus. 

The destruction of the lateral part of the nucleus parabrachialis dorsalis, 

where numerous CCKI cells were located, resulted in a decrease in CCKI 

fibers in the VMH on the side that was ipsilateral to the destruction. 

These findings suggest that the CCKI fibers in the VMH originate from 

CCKI cells in the lateral part of the parabrachialis dorsalis and directly 

influence the VMH neurons (Inagaki et al., in press). Cerebral receptor 

studies have shown the highest areas of specific binding for CCK to be 

in the cerebral cortex, olfactory bulb and caudate nucleus. There is 

less binding in the hippocampus and hypothalamus (Saito et al., 1980). 
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The results of the binding site studies correlate well with the histo-

chemical studies in the rat brain. 

CCK-8 injected directly into the cerebral ventricles of the rat 

has little effect on feeding (Maddison, 1977). But CCK-8 is associated 

with a satiety effect when administered into the ventricles of sheep 

(Della-Fera and Baile, 1979). Binding site studies in the sheep show 

high concentration of CCK receptors in the VMH and frontal cortex. 

Alteration in CCK receptor binding in the brain does not occur in response 

to feeding and fasting (Della-Fera et al., 1983). The mode of action 

for CCK's satiety effect is unknown at present. One of the critical 

questions in CCK research is whether peripheral CCK-8 (intraperitoneal, 

intravenous or endogenous) acts at a peripheral site to mediate the 

central nervous system or penetrates the blood-brain barrier and acts 

centrally. It has been demonstrated that vagotomy in rat abolishes the 

satiety effect of CCK, indicating a peripheral site of action (Smith et 

al., 1981). Furthermore, CCK receptors have been found on vagal neurons. 

The receptors appear to be on afferent nerve fibers and the CCK receptors 

appear to be transported toward the gut via axonal transport (Zarbin et 

al., 1981b). Though there is much evidence for a vagal-CCK pathway, 

CCK's effect on vagal nerves could be secondary to the vagal nerve's 

response to gut wall distension. It is well established that vagal nerve 

endings respond to distension and to composition of the luminal contents 

and that CCK affects gastrointestinal movement (Moran and McHugh, 1982). 

Electrophysiological studies relating peripheral CCK and neuronal activity 
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in specific areas of the brain can provide further evidence of a rela

tionship between peripheral CCK and the brain. 

The first recordings of brain activity in relation to hunger, 

feeding and satiety were obtained by Brobeck, Larson and Reyes (1955) 

from the hypothalamus of the cat. Studying the raw EEG obtained with 

implanted electrodes, Brobeck et al. discovered a change in the neuronal 

activity in the medial hypothalamus with injections of amphetamine deriva

tives, benzedrine and dexadrine, known food intake suppressants, such 

that amplitude of recorded rhythms in the medial hypothalamus increased 

while there was no change in lateral hypothalamus activity. Another 

technique used in studying electrophysiological responses is using evoked 

responses. Since the hypothalamus responds to a variety of stimuli, 

somatosensory, visual and auditory (Sarne and Feldman, 1971), the reac

tivity of the hypothalamus to CCK can be ascertained using evoked 

responses from the lateral hypothalamus using auditory stimulation. The 

auditory evoked response was chosen due to the past use of this method by 

Schanzer et al. (1978) and Dafny et al. (1975). 

Previous studies in cats, employing evoked potentials and single 

cell recordings, have demonstrated that there exist somatosensory, 

auditory and visual projections to the hypothalamus with a considerable 

degree of convergence of the three sensory modalities on the same hypo

thalamic neurones (Feldman et al., 1959; Feldinan and Dafny, 1968). It 

has been demonstrated that the rat also has somatosensory, auditory and 

visual projections to the hypothalamus (Sarne and Feldman, 1971). The 
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characteristic waveform produced in all areas of the hypothalamus by 

acoustical stimuli was found to be a short-latency positive-negative 

response (3-21msec). The short-latency response implies that oligosyn-

aptic pathways enter the whole extent of the hypothalamus. The latency 

of the auditory evoked response (AER) obtained from rat was found to be 

very similar to the responses recorded in the medial geniculate of rat 

(Libouban-Letouze, 1964). 

Previous studies failed to monitor the reliability of the stimu

lus characteristics or integrity of the auditory peripheral nervous 

system while recording auditory evoked responses. Monitoring the auditory 

brainstem response provides an indirect means of assessing both of these 

factors. The ABR is a complex electrical response that is dominated by 

neurones throughout the caudal auditory system. The ABR is a very stable 

and reproducible response that is influenced by the stimulus, the status 

of the peripheral auditory system and the auditory nervous system in 

systematic ways (Glattke, 1983). Because of the relationship between the 

ABR and auditory system components, the simultaneous recording of the 

ABR and AER provides a way to differentiate between CNS (hypothalamus) 

habituation to the acoustical stimulus and the alteration of the auditory 

system. If the AER is modified or lost, then one may conclude that the 

stimulus characteristics have changed, that the ear has become disabled 

or that there is a change in the response of the auditory system. The 

ABR also provides a means of estimating the auditory threshold for each 

animal. Since response appears within 15dB of true threshold for click 

stimuli, then determination of threshold before and after the AER data 



7 

collection allows any threshold change to be taken into account when 

analyzing AER amplitude changes. 

This study investigated the possibility of a neurohumoral control 

of appetite by measuring an evoked neuronal activity before and after 

CCK. This experiment was designed to test the hypothesis that CCK pro

duces satiety by inhibition or decreasing the neuronal activity of the 

LH. This study also included methodological changes from past studies 

(Schanzer et al., 1978; Dafny et al., 1975) to better utilize the tech

nological advancements in recording AERs and control certain variables 

that were relevant to electrophysiological events. 



METHODS 

Averaged auditory evoked responses were recorded from the lateral 

hypothalamus of an anesthetized rat. The amplitude and latencies of the 

characteristic waveforms produced by the AERs were recorded for groups 

receiving intraperitoneal injections of saline or CCK-8. 

Subj ects 

Sixteen Holtzman male rats (Charles River and bred in the 

Psychology Department animal colony lab, University of Arizona) weighing 

250-350g were used in the experiment. The animals had free access to 

water. All animals were housed in separate wire cages. The housing 

room was on a 12hr light-dark cycle with lights on at 0800hr. The data 

from eight rats were analyzed in the results. The remaining eight ani

mals were not used for various reasons (see Appendix A). The eight 

subjects were divided into two groups of four each. The first group 

served as the experimental group and the second group served as control 

animals. The members of the control group received intraperitoneal 

(i.p.) injections of physiological saline. The experimental subjects 

received i.p. injections of CCK-8 (2 micrograms/kg). Animals were 

maintained on a limited food intake diet (15g/day) to minimize weight 

gain and also to enhance CCK's potential neuronal effects. 

8 
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Surgery 

Each animal received an i.p. injection of pentobarbital 

(Nembutal, 50-54mg/kg) and was placed in a stereotaxic instrument for 

electrode placement. A bipolar electrode (0.125mm at tip, MS303/3 

bipolar electrode, Plastic Products Company) was stereotaxically im

planted according to the coordinates of Hart (1976). The coordinates 

for the LH recordings were AP: -3.0mm; DV: 8.0mm; ML: 1.6mm. Needle 

electrods (Grass) used for the auditory brainstem response (ABR) were 

inserted intramuscularly (i.m.) behind the stimulated ear (reference 

electrode) and subcutaneously 3mm posterior to vertex (active electrode). 

The stereotaxic frame served as a common or ground point. An electro

lytic lesion was made using the bipolar electrode after electrophysio

logic responses were obtained from an animal. The current was 2.0mA 

with a duration of 5.0sec (Grass LM4 Lesion Maker). The subjects were 

sacrificed with an overdose of Nembutal for histological verification 

of the recording sites. 

Stimulus/Recording 

The acoustic stimulus presented to each animal was generated by 

passing a 100 microsecond rectangular pulse to a miniature earphone 

(Audiovox 9C). The earphone was attached to plastic tubing that was 

enclosed within a hollow earbar. The stimulus was presented ipsilateral 

to the ABR reference electrode and to the AAER bipolar electrode. The 

stimulus was presented at a level of 65dB peak-equivalent SPL. Each 

animal's threshold was determined before testing and was re-evaluated 
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following the experiment. The stimulus was presented to each animal in 

a set of 128 clicks at a rate of 2 clicks per second. Averaged evoked 

responses to five sets were obtained during the pre-injection period 

followed by 10 sets during the experimental (post-injection) period. 

The stimulus sets were presented at 5min intervals. The post-injection 

recording started lOmin after the injection of CCK or saline. 

The recording electrodes were connected to two separate pre

amplifiers (model 2124 Data Inc.) then passed through two custom built 

amplifiers interfaced with a Data General Nova 3 computer. Filters on 

the Data Inc. preamplifiers were set to 5Hz-lkHz for AER and 200Hz-3kHz 

for ABR. The evoked responses were averaged on-line by the computer 

using a two-channel signal averaging program (custom designed); stored 

on floppy disks and reproduced on an X-Y plotter (Houston Instrument). 

The AAER and averaged ABR were displayed on a Hewlett-Packard oscillo

scope (model 130BR). The raw EEG was continuously monitored on a 

Tektronix oscilloscope (type RM504). 

Data Analysis 

The AAER were analyzed in terms of amplitude and latency. 

Amplitude measures were obtained for the consistent AAER waveform com

ponents. Figure 1 depicts the characteristic AAER waveform consisting 

of a negative minimum (Nl) and positive peak (PI), followed by a tri

phasic (N2, P2, N3) wave. The consistency of these particular components 

within and between animal allowed peaks Nl, PI, N2, and P2 to be 

analyzed in terms of amplitude and latency. The ABR produces a 
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Figure 1. Representative averaged analog data of the evoked 
responses from the LH. — Data from both the 
experimental and control groups are shown in a 
pre-injection/post-injection fashion. The stimulus 
starts at the beginning of the tracing. ABR: 
auditory brainstem response; AAER: averaged auditory 
evoked response; CCK-8: cholecystokinin octapeptide. 
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characteristic waveform consisting of four positive peaks with inter

vening minima (Figure 1). The latencies of peaks PI, Nl, P2, P3 and P4 

were evaluated. 

The AAER and averaged ABR waveforms were retrieved from the 

disks and displayed on the oscilloscope using a custom designed plotting 

program. The program allowed the experimenter to control a cursor to 

locate the desired peak and then displayed an amplitude value and a bin 

number (latency). The peak to peak amplitude was calculated by measur

ing the difference between peaks and converting the displayed value to 

microvolts. The latency of a peak was determined by converting the 

respective bin number into milliseconds. 

The pre-injection and post-injection latencies for the AAER and 

ABR peaks were analyzed point by point using the Mann-Whitney U-test at 

each time interval. The mean amplitudes for the characteristic AAER 

peaks (Nl-Pl and P1-N2) were analyzed pre- and post-injection using two 

statistical methods. The first method was the Mann-Whitney U-test for 

each time interval. The second statistical test was a mixed design 

ANOVA using treatment means as single observations (Edwards, 1968). 

Histology 

The animals were perfused first with 50cc distilled water 

followed by 10% Formalin. The brain was kept in Formalin for a minimum 

of two days before sections were obtained. The sections were cut at 

50 -micron thickness with a freezing microtome. Lesion locations were 

confirmed visually. Only the recordings from those animals with elec

trodes located in the target nuclei were used in the results. 



RESULTS 

The AAERs produced had characteristic negative minima and posi

tive peaks followed by triphasic waves (Figure 1) . The pre-injection 

mean amplitudes for the peak Nl-Pl were 0.54 microvolts (0.13 s.d.) and 

0.48 microvolts (0.14 s.d.) for the saline and CCK-8 groups, respec

tively. The post-injection mean amplitudes for Nl-Pl were 0.53 micro

volts (0.10 s.d.) and 0.47 microvolts (0.06 s.d.) for the saline and 

CCK-8 groups, respectively. The pre-injection mean amplitudes for the 

peak P1-N2 were 0.32 microvolts (0.10 s.d.) and 0.25 microvolts (0.04 

s.s.) for the saline and CCK-8 groups, respectively. The post-injection 

mean amplitude for saline was 0.33 microvolts (0.07 s.d.) and 0.24 

microvolts (0.06 s.d.) for CCK-8. Figures 2 and 3 show the mean ampli

tude for the Nl-Pl and P1-N2 waves, respectively. The means are 

expressed in percent of the overall pre-injection mean for the respec

tive group, the 100% line being the overall mean amplitude for the 

pre-injection period for each group. The variability within a group 

over time is evident. The statistical analysis showed that peripherally 

administered CCK-8 had no effect on the amplitude or latency of the 

auditory eyoked response in the lateral hypothalamus. The ANOVA 

indicated no significant difference between the saline and CCK-8 treat

ment groups with respect to amplitude and no significant differences 

across time (Tables la, lb, 2a and 2b). The high variability of the 

amplitude over time can be seen in Figures 2 and 3. 

13 
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Figure 2. The effects of cholecystokinin octapeptide (CCK-8) and 
saline upon the Nl-Pl wave of the auditory evoked 
response (AER). — Values greater than or less than 
100% express an increase or decrease respectively in 
amplitude in comparison with the overall mean of the 
pre-injection amplitudes of the respective group. 
The star marks the time of injections. 
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express an increase or decrease respectively in latency 
in comparison to the pre-injection means. The star 
indicates the time of injections. 
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Table 1. Statistical analysis of AER wave Nl-Pl. — 
(a) ANOVA summary for Nl-Pl pre-injection; and 
(b) ANOVA summary for Nl-Pl post-injection. 

a. 

SS df MS F 

CCK vs. Saline (C) .04 1 .04 .44 

Error (1) .53 6 .09 

Time (T) .05 4 .01 .20 

C x T .06 4 .02 .40 

Error (2) .77 17 .05 

b. 

SS df MS F 

CCK vs. Saline (C) .07 1 .07 1.00 

Error (1) .41 6 .07 ' 

Time .27 9 .03 1.00 

C x T .21 9 .02 .67 

Error (2) 1.06 54 .03 



Table 2. Statistical analysis of AER wave P1-N2. — 
(a) ANOVA summary for P1-N2 pre-injection; and 
(b) ANOVA summary for P1-N2 post-injection. 

a. 

SS df MS F 

CCK vs. Saline (C) .06 1 .06 3.00 

Error (1) .09 6 .02 

Time (T) .03 4 .01 1.00 

C x T .06 4 .02 2.00 

Error (2) .22 17 .01 

b. 

SS df MS F 

CCK vs. Saline (C) 

Error (1) 

Time (T) 

C x T 

Error (2) 

.15 

. 21  

.09 

.19 

1.00 

1 

6 

9 

9 

54 

.15 

.04 

.01 

.02 

.02 

.38 

.50 

1.00 
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Table la contains the ANOVA summary for the Nl-Pl amplitude 

analysis during pre-injection. The low F values indicate that the 

amplitudes for the experimental animals did not differ from the control 

animals prior to injection. 

Table lb shows the ANOVA summary for the two groups after the 

injection of CCK or saline. Again the F values are very small and 

indicate that there was no difference in the amplitudes between groups 

and across time. Tables la and lb also indicate that there was no 

interaction between groups and time. 

Table 2a contains the ANOVA summary table for the P1-N2 ampli

tude analysis during pre-injection. The F values indicate that there 

was no difference in amplitude between the two groups prior to injection. 

Table 2b contains the ANOVA summary table for the two groups post-

injection. Again the low F values indicate that there was no differ

ence in amplitude between groups following injections with CCK or 

saline. 

The Mann-Whitney U-test showed no significant change in the 

latency of the characteristic peaks Nl, PI, N2, and P2. The latencies 

were not different between groups and across time (Figures 4a-4d). 

Figure 4a-4b show the mean latencies for each individual peak Nl, PI, 

N2 and P2, respectively. The means were expressed in percent of the 

pre-injection mean. 

The latencies for the ABR peaks (PI, Nl, P2, P3) were analyzed 

using the Mann-Whitney U-test. There was no significant change in the 

latencies between the control group and experimental group. The ABRs 
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Figure 4. Latencies over time of each AER wave component. — Values 
greater than or less than 100% express an increase or 
decrease respectively in latency in comparison to the 
pre-injection means. The star indicates the time of 
injection, (a) Mean latency for PI as a function of CCK-8 
or saline; (b) Mean latency for N1 as a function of CCK-8 
or saline; (c) Mean latency for N2 as a function of CCK-8 
or saline; and (d) Mean latency for P2 as a function of 
CCK-8 or saline. 
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remained very stable throughout the experiment (Figures 5a-5d). The 

mean latencies were expressed in percent of the pre-injection overall 

mean for the separate groups. The threshold levels before and after 

the experiment were never different for any of the eight subjects. 
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Figure 5. Latencies over time of each ABR wave component. — Values 
greater than or less than 100% express an increase or 
decrease respectively in latency in comparison to the 
pre-injection means. The star indicates the time of 
injections. (a) Mean latency for the ABR peak PI as a 
function of CCK-8 or saline; (b) Mean latency for the 
ABR peak N1 as a function of CCK-8 or saline; (c) Mean 
latency for the ABR peak P2 as a function of CCK-8 or 
saline; and (d) Mean latency for the ABR peak N1 as a 
function of CCK-8 or saline. 
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DISCUSSION 

The results from this experiment suggest that injection of 

CCK-8 is not associated with changes in the amplitude or latency of the 

short-latency AAER obtained from LH in the anesthetized rat. These 

results may allow one to infer that peripheral administration of CCK-8 

does not have a direct effect upon the neuronal activity of the lateral 

hypothalamus. If peripheral CCK-8 was effective because of stimulation 

of the vagus nerve, as has been indicated (Smith et al., 1981), then one 

might expect the AAER to have shown some systematic change associated 

with CCK-8 injection. This might indicate that the tonic vagal input 

by CCK-8 to CNS is not focused in LH. 

The averaged evoked response is usually described in terms of two 

measures: peak latencies and wave magnitudes (amplitudes). These measures 

depend generally upon the location of the recording electrode, behavioral 

state or sleep stage of the subject under study and upon the nature of 

the stimulating signal (Basar, 1980). Evoked potentials that are 

recorded from gross electrodes are influenced and formed by many different 

frequency components. In light of this, it can be understood that it is 

very difficult to obtain evoked potentials that have the exact same shape 

within subjects and between subjects. A high degree of stability of the 

AERs cannot be expected because of the equilibrium of contribution from 

different components changes perpetually (Basar, 1980). One definite 

'rule1 to remember when analyzing an AER from a subcortical area is the 
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existence of a number of peaks with different latencies in the time 

course of an evoked response does not necessarily indicate that different 

functional structures or neural groups give rise to the peaks (Basar, 

1980). 

The results of this study are by no means conclusive. The small 

sample size does not allow for strong statistical inference. The 

results were, however, similar for each animal, indicating a high degree 

of validity and reliability. The techniques used in this experiment 

were designed to minimize any interference that could change the neur

onal activity of the animal's brain. These techniques were meant to 

better the methods used by Schanzer et al. (1978) and Dafny et al. (1975). 

This experiment controlled for myogenic interference by using the 

anesthetized preparation. The anesthetized preparation did not minimize 

variability of the AER within an animal over time. The variability of 

the AER within one animal over time was very high. The amount of 

variability was probably not due to CCK-8 or saline because the varia

bility was relatively high during pre-injection recording. The high 

AER variance within one animal over time could be partially explained by 

the changing level of anesthesia since neuronal activity will increase 

as the anesthesia loses its effectiveness. The high AER variability 

reflects the ever-changing neuronal activity of the brain while the 

minimal -variance recorded in the ABR reflects the stability of the 

auditory system. 

Past studies used freely moving animals that were presented with 

a click stimulus from a speaker a short distance (10cm) from the animal. 



This technique does not control for binomial interference. There is no 

method for controlling the quality of the stimulus and which ear is 

being stimulated. In this experiment, only one ear was stimulated as 

the auditory stimulus was presented ipsilateral to the side from which 

the LH was recorded. This minimized the noise due to changing binomial 

interaction that would be expected in a freely roaming animal. 

Both Dafny and Schanzer used monopolar recording electrodes with 

the reference in the frontal sinus. Their technique is convenient to 

use when recording from multiple brainsites, but is also allows the 

evoked response to include the neuronal activity from a large portion 

of the brain. The results that were obtained using their method are 

hard to interpret. Both Schanzer and Dafny suggest that their results 

are indicative of activity in the nuclei that the monopolar electrodes 

had entered„ The studies in question did not acknowledge the fact that 

the results could have (and probably) were contaminated by interference 

from other brain areas. The present experiment eliminated the far-

field neuronal interference by using bipolar electrodes. Bipolar elec

trodes do not eliminate all noise produced by surrounding cell masses, 

but they do restrict the area of recording to the immediate area. 

The potentially most important result of this experiment in 

comparison to Schanzer and Dafny is that I measured short-latency audi

tory evoked responses while they measured long-latency responses. The 

latencies reported by Schanzer and Dafny were approximately ten times 

greater than the evoked responses reported in this study. These long 

latency responses have been labelled 'late cortical responses' (Basar, 



1980). This weakens the fact that Schanzer and Dafny's results are 

applicable to one brain area, in this case the LH. The short-latency 

responses that are evaluated in this study are probably more representa

tive of LH evoked responses. The fact that both Schanzer and Dafny had 

results that suggested CCK-8 did influence AERs in the LH might be 

explained by an active phenomenon brought about by another neural group 

lying between the active and reference electrode or by a neural group 

that has some synaptic connections with the LH. The importance of the 

short-latency evoked responses measured in this study are not known at 

this time but have been recorded earlier by Same and Feldman (1971). 

Further studies disassociating the short-latency evoked response from 

some auditory system artifact from nearby auditory nuclei must be done 

before using this technique as an electrophysiological tool. 

This study raises questions about the methodology used in past 

experiments with regard to auditory evoked responses and how they are 

modified by pharmacological manipulations. This study controlled foe 

myogenic interference, binomial ear stimulation interactions, and used 

bipolar electrodes for a more discrete recording area. Behavioral 

studies have shown that CCK-8 is a satiety hormone and that CCK-8 is 

secreted in response to fat and proteins passing through the small 

intestines. The site of CCK's satiety action is still controversial and 

probably is not one site but a complex interaction with the peripheral 

and central nervous system. Electrophysiological and biochemical 

studies show evidence thatCCK does modulate neuronal activity in many 

areas of the brain. More accurate techniques (electrophysiological, 



biochemical and anatomical) are needed to further unravel the highly 

complex mechanisms of appetite and satiety. 



APPENDIX A 

THE CAUSES FOR REMOVAL OF EIGHT SUBJECTS 
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THE CAUSES FOR REMOVAL OF EIGHT SUBJECTS 

The following is a description of the causes for the removal of 

each of the eight animals. 

Subjects #1, 3, 9: The histology showed that the electrodes 

were not in the lateral hypothalamus. 

Subject #4: The ABR was lost during the experiment and the 

animal died soon after for reasons unknown. 

Subject #7: The ABR was lost soon after the animal was put into 

the stereotaxic instrument. 

Subject #10: The ABR was lost after the skull holes were 

drilled. The animal died soon after for reasons unknown. 

Subject #13: The ABR was lost after surgical preparation. 

Subject #15: The ABR was lost after surgical preparation. 
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