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Abstract 

Enhanced palatability has been cited as a basis for benzodiazepine-induced hyperphagia of 

appetitive stimuli.  Using long-term & brief-access tests, we assessed the effect of systemic 

benzodiazepines on the consumatory responses to sweet, sour, salty, and bitter taste stimuli.  

Adult male (n=12) & female (n=12) SD rats received either saline or chlordiazepoxide (CDP, 

10mg/kg) injections 20 min prior to testing.  Long-term tests assessed licking to either 0.075M 

sucrose, 0.03M citric acid, 0.5M NaCl, or 0.05mM QHCl in daily 90 min sessions.  Brief-access 

tests measured licking to the same stimuli across a range of concentrations during 15 s trials.  

Significant effects were determined by repeated measures ANOVA (p<0.05).  Microanalysis of 

licking responses revealed significant CDP-induced increases in measures associated with 

gustatory evaluation (initial licks, burst size, lick rate) with no effects on variables associated 

with postingestive influences (meal duration, number of bursts).  Brief-access tests confirmed 

significant increases in licking responses to all tastants following CDP injection.   CDP increased 

licking responses to low sucrose concentrations suggesting an increase in the positive hedonic 

perception.  CDP appeared to decrease the aversiveness of strong salty, sour, and bitter stimuli as 

indicated by increases in licking to high concentrations.  There was no effect of CDP on licking 

responses to water in long-term or brief-access tests or differential effects between males and 

females.  Our findings provide evidence that GABAerigic influences within the gustatory system 

do not act to enhance the perceived intensity of taste stimuli but rather modulate the hedonic 

evaluation of appetitive as well as aversive tastants. 
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Introduction 

Benzodiazepines are GABAA receptor agonists which are commonly prescribed as anti-

anxiety drugs. In addition to their anxiolytic effects, benzodiazepines have been found to 

increase food consumption in both rats and in humans.  It was originally thought that the increase 

in feeding behavior produced by benzodiazepines was simply caused by the drugs’ anxiolytic 

effects. However, benzodiazepines increase feeding behaviors under stressful and non-stressful 

conditions equally, which indicates that benzodiazepine-induced feeding is not dependent on a 

reduction of anxiety (Peciña and Berridge, 1996). More recent studies using meal pattern 

analysis suggest that the behavioral change is more likely to come from a change in palatability 

that specifically enhances the hedonic value of food than from the removal of anxiety (Cooper, 

1980).  

There is evidence of a mechanism through which benzodiazepines could modify 

incoming taste information. Anatomical and functional studies of GABAergic taste processing in 

the central afferent taste pathway indicate that there are GABA receptors, primarily GABAA 

receptors, located in the gustatory regions of the NST (King, 2003; Du and Bradley, 1998; Sharp 

and Finger, 2006) and PBN (Kobashi and Bradley, 1998; Söderpalm and Berridge, 2000) as well 

as in the primary taste cortex (Lopez-Garcia, Bermudez-Rattoni, and Tapia, 1990; Ogawa, 

Hasegawa, and Ikeda, 1991; Ogawa and Hasegawa, 1991). Current research supports that these 

receptors play a role in processing gustatory information in these areas (Sun,Yi, and Cassell, 

1994; Ogawa, Hasegawa, and Ikeda, 1991; Ogawa and Hasegawa 1991; Smith and Li, 1998; 

Smith and Li, 2000) as well as in integrating information from other connected brain areas (Jia, 

Zhang, and Wan 2005; Kang, Yan, and Huang, 2004; Smith and Li, 2000; DiLorenzo, 1995). 
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Benzodiazepine use could modify incoming taste information by increasing activation of these 

receptors, thereby sharpening taste perception.  

Several behavioral methods have been used to study the effects of benzodiazepines on 

feeding behavior and on palatability. One such is method is to measure consumption patterns, 

including measures of both the amount and pattern of intake, to determine how benzodiazepines 

affect stereotypical feeding behaviors (Clifton and Cooper, 1996; Cooper & Yerbury 1986). 

Meal pattern analysis, which typically measures the oral series of feeding behaviors using solid 

foods, has been used to further separate the hyperphagic effect of benzodiazepines from the 

change in palatability that may be driving the hyperphagia (Cooper and Francis, 1979, 1980). 

Preference and taste reactivity tests have also been used to separate changes in intake from 

changes in palatability. More recently microanalysis of licking behavior has emerged as a more 

precise methodology for isolating palatability changes. By isolating specific licking behaviors, 

microanalysis of licking behavior allows researchers to separate changes in licking related to 

palatability from changes related to caloric content, nutritional value, or satiety.  Currently this 

methodology is fairly uncommon in this area of research, and most experiments have been done 

using either sweet or salty stimuli. Few experiments have addressed aversive stimuli. Though 

measures of licking behavior appear less often in the literature at this point in time, they may be 

one of the most effective methods for examining changes in palatability.  

In this experiment we sought to identify changes in palatability caused by benzodiazepine 

use by measuring licking behavior in rats both on and off the benzodiazepine chlordiazepoxide. 

We first employed microanalysis of licking behavior after long term sessions in which rats were 

given stimuli from the four basic taste categories. To further isolate palatability, we conducted 

very short term licking trials to several concentrations of each of the four basic tastants. We 
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hypothesized that in the long term sessions, rats would show an increase in licking characteristics 

measuring palatability after CDP injection but that lick characteristics indicating satiety would 

remain unchanged. We hypothesized that in the short term trials, rats would show an increase in 

licking after CDP injection.  

Methods 

Subjects 

Subjects were 12 adult male and 12 adult female Sprague-Dawley rats. They were housed alone 

in plastic cages were maintained under a 12-hour light-dark cycle (lights on at 7 a.m.) Food 

pellets were available at all times, but water availability was restricted according to protocol. The 

experiments were conducted during the light cycle between 1100 hr and 1700 hr. Females were 

tested under protocol 2 first and protocol 1 second. Males were tested under protocol 1 first and 

protocol 2 second.  

Drugs 

The benzodiazepine chlordiazepoxide hydrochloride (7-Chloro-N-methyl-5-phenyl-3H-1,4-

benzodiazepin-2-amine 4-oxide hydrochloroide) was mixed with an isotonic saline solution and 

injected intraperitoneally in a volume of 10 mg/kg 20 minutes prior to each drug testing session. 

This dose was chosen because in previous animal studies, 5-15 mg/kg has been determined to 

cause a significant increase in food intake (Berridge and Treit, 1986). 

Protocol 1: 

Test Solutions 

One tastant, either  .05 mM QHCl, 30 mM citric acid, 500 mM NaCl, or 75 mM sucrose, was 

presented to each rat per day. Solutions were prepared using distilled, deionized water.   

Apparatus 
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An AC 108 lickometer was used to record each lick to one solution per 90-minute test 

session. 

Procedure:  

A single concentration was presented to each rat two days in a row, and CDP and saline 

conditions were counterbalanced. Each test session consisted of 90 minutes of continuous 

exposure to one stimulus for 90 minutes. Each lick in the 90 minute test session was recorded. 

Data Analysis 

A micro-structural analysis of licking behavior was obtained by the AC108 lickometer 

and the following variables were measured: number of licks, number of bouts, bout duration, 

pause duration, and number of licks in the first minute.  

Protocol 2:  

Test Solutions 

Test solutions were prepared with distilled, deionized water. Tastants representing four of the 

prototypical taste catagories; sweet, salty, sour, and bitter; were used. Four concentrations of 

each tastant were tested, including sucrose (25, 50, 100, and 500 mM), NaCl (125, 250, 500, 

1000 mM), citric acid (7, 15, 30, and 60 mM),  and Quinine HCl (.003, .013, .05, and .2 mM).  

Apparatus 

 All testing was carried out using an MS160 Davis Rig gustatory behavioral apparatus. 

The apparatus presented 15 stimulus tubes to animals in random order. The order of tastant 

concentrations was counterbalanced. Each rat received the same tastant for two consecutive days, 

ensuring that each animal was exposed to each tastant under both saline and CDP conditions. All 

four concentrations of a tastant were presented randomly within four blocks of stimuli. Saline 

and CDP conditions were also counterbalanced. 
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Procedure 

Animals were water-restricted two days prior to training and were allowed only 10 

minutes of access to water per 24 h period except when sucrose was being tested. For sucrose 

trials, animals were water replete. On the two days prior to testing, rats were trained to 

consistently lick to water in the MS160 lickometer.  

Males and females were both divided into half with 6 rats receiving saline (150 mM 

NaCl) injections and 6 rats receiving CDP (10 mg/kg dosage) injections 20 min prior to their test 

session. Injection solutions were alternated between saline and CDP each day. Animals were 

tested with each tastant on two consecutive days using a counterbalanced design to control for 

the order of tastants. Each test session consisted of 20 trials of 5 taste stimuli presented for 15 s 

in random order within each of 4 stimulus blocks. A 10 s interval occurred between each 

stimulus. In the event that a rat did not sample a particular stimulus, the rat was given a no-lick 

trial and the stimulus was presented until it was sampled.  

After salt, sour, and bitter were tested under water-restricted conditions, animals were 

given free access to water and were then tested with sweet solutions. Licking to water was tested 

under CDP and saline solutions on the day prior to testing and the day after testing as a control to 

examine the effects of CDP on water intake and the effect of CDP experience on water intake. 

The entire test session was bracketed by two days of testing with water. 

Data Analysis 

The number of licks per stimulus was averaged over the stimulus presentations each day.  Licks 

to stimuli during the water restriction phase were converted to a lick ratio of licks per stimulus 

divided by the average number of licks to water stimuli in order to normalize the data accounting 



  CDP influence on ingestive behavior. 

  8 

for individual differences in licking behavior. A series of repeated measures were used to find 

main effects and interactions for sex, drug , tastant, and concentration.  

Results 

Long Term Results  

 Separate repeated measures ANOVAs were conducted for data on session licks, meal 

duration, meal licks, first minute licks, pause duration, number of bursts, burst duration, burst 

size, and licking rate to evaluate differences between groups based on sex (male/female), drug 

(CDP/saline), and tastant. 

 A significant main effect of drug was found for measures of meal licks (F(1,21)=31.529, 

p<.001), pause duration (F(1,21)=19.535, p<.001), and licking rate (F(1,21)=18.944, p<.001), with 

rats injected with CDP having a larger number of mean meal licks (significantly for NaCl, 

sucrose, and quinine), shorter mean pause durations (significantly for sucrose, citric acid, and 

quinine), and faster licking rate (significantly for NaCl, citric acid, and quinine). No significant 

main effects of sex were found for any of the measures.  

 A significant interaction was found between drug and tastant for all measures except 

licking rate for which CDP rats were consistently higher and meal duration which approached 

significance (F(4,84)=2.207, p=.075). Post hoc tests were conducted to determine significant 

differences between saline and CDP injected rats for each tastant. For session licks the 

drug*tastant interaction (F(4,84)=2.207, p=.075) reflects that there was a significant increase in 

licking after CDP injection to NaCl, sucrose, and quinine (see Figure 1). For meal licks 

(F(4,84)=2.207, p=.075), there was also a significant increase in the number of licks after CDP 

injection to NaCl, sucrose, and quinine. For minute licks (F(4,84)=2.207, p=.075), there was a 
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significant increase after CDP injection for NaCl and a significant decrease after CDP injection 

for sucrose.  

 

 

 

  

The interaction between drug and tastant for pause duration (F(4,84)=2.207, p=.075) reflects that 

after CDP injection there was a significant decrease in duration of pauses during sucrose, citric 

acid, and quinine testing (see Figure 2). For number of bursts (F(4,84)=2.207, p=.075), there was a 

significant increase in number after CDP injection only for sucrose. For burst duration 

(F(1,21)=4.996, p<.05), there was a significant increase after CDP for NaCl. For burst size 

(F(4,84)=2.207, p=.075), there was a significant increase for NaCl and a significant decrease for 

sucrose after CDP injection.  

Figure 1. Long term measures for rats injected with saline and CDP; * indicates significance <0.05 in post hoc 
t-test.  A) Session licks. B) Meal duration C) Meal licks D) First minute licks 
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 A significant interaction was found between drug and sex for only burst size 

(F(1,21)=4.881, p<.05), first minute licks (F(1,21)=13.750, p<.01), and mean burst duration 

(F(1,21)=4.996, p<.05). No significant interactions were found between tastant and sex or between 

drug, tastant, and sex for any of the measures. 

Short Term Results 

 Individual repeated measures ANOVA tests were conducted on the data for water, NaCl, 

citric acid, quinine, sucrose to evaluate differences between groups based on sex (male/female), 

drug (CDP/saline), and solution concentration. 

Figure 2. Microanalysis measures of long term licking; * indicates significance <0.05 in post hoc t test  
A) Pause duration B) Number of bursts C) Burst duration D) Burst size E) Licking rate 
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 On water test days, there was a significant main effect of sex (F(1,40)=15.257, p<.001), 

with the males averaging 95 licks in 15 s and females licking only 86 times. There was also a 

significant main effect of drug (F(1,40)=9.484, p<.01), with rats licking 94.1 times per 15 s on 

average after saline injection and 87.2 times per 15 s on average after CDP injection. There was 

not a significant difference in the average licking rate or a change in differences between groups 

between water test days occurring before and after rats had received CDP injections. 

For NaCl, a significant main effect of concentration was found (F(3,60)=150.03, p<.001), 

as expected, as well as a significant main effect of sex (F(1,20)=585.461, p<.001), with females 

drinking less than males. There was not a significant main effect of drug, but there was a 

significant interaction between drug and sex (F(1,20)=4.973, p<.05). There was no drug effect in 

females. However, there was a significant interaction between NaCl concentration and drug 

(F(3,60)=6.372, p<.01). At a low concentration, rats injected with saline drank slightly more than 

rats injected with CDP. However, as NaCl concentrations increased, rats injected with CDP 

licked more than rats injected with saline. The size of this difference increased as concentration 

increased. Post hoc tests revealed that the differences between male rats injected with CDP and 

saline were significant at the two highest concentrations, 500 and 1000 mM (see Figure 3). There 

were not significant interactions between NaCl concentration and sex or between drug, 

concentration, and sex. 
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For citric acid, a significant main effect was found only for concentration (F(3,60)=150.03, 

p<.001), and a significant interaction was found between drug and concentration (F(3,60)=6.372, 

p<.001). This interaction was similar to that seen for NaCl. Again, at the lowest concentration, 

rats injected with saline licked more than rats injected with CDP. But again as concentration 

increased, CDP-injected rats began to lick more, with this difference increasing to significance at 

the highest concentration, 60 mM (see Figure 4). 

Figure 3. Lick ratio for male rats after CDP and saline for NaCl; * indicate significant difference  between 
CDP and saline at <0.05 level based on post hoc tests. 
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For quinine, significant main effects were found for drug (F(1,20)=7.316, p<.05) and 

concentration (F(3,60)=29.016, p<.001), and a significant interaction was found between drug and 

concentration (F(3,60)=5.336, p<.01). For this taste stimulus, rats injected with CDP licked more 

at all concentrations with post hoc t tests indicating that rats injected with CDP licked 

significantly more than rats injected with saline at the two highest concentrations, .05 mM and .2 

mM (see Figure 5).  

Figure 4. Lick ratio for rats after CDP and saline for citric acid; * indicate significant difference  between 
CDP and saline at <0.05 level based on post hoc tests. 
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Sucrose data showed a significant main effect of drug (F(1,9)=7.983, p<.05). Rats licked 

more after CDP injection than after saline injection. There was a also a significant main effect of 

sex (F(1,9)=11.212, p<.01); males had higher licking rates than females. There was significant 

main effect of concentration (F(4,60)= 19.515, p<.001), with licking rate increasing as 

concentration increased. There was a significant interaction between concentration and sex 

(F(4,36)=2.753, p<.05). There was also a significant interaction between drug and concentration 

(F(4,36)=4.053, p<.01). Post hoc t tests show that male rats injected with CDP licked significantly 

more than male rats injected with saline at the lowest sucrose concentration, 25 mM and that 

female rats injected with CDP licked significantly more than female rats injected with saline at 

the two lowest concentrations, 25 and 50 mM (see Figure 6).  

Figure 5. Lick ratio for rats after CDP and saline for quinine; * indicate significant difference  
between CDP and saline at <0.05 level based on post hoc tests. 
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Discussion 

Overall, the results found in both the long term and short term protocols support previous 

research indicating that CDP injection increases palatability of appetitive taste stimuli. 

Additionally, these results also suggest that CDP injection increases palatability or alternatively 

decreases the aversiveness of aversive taste stimuli.  

Long Term 

 During the entire 90 minute session, rats injected with CDP licked significantly more to 

NaCl, sucrose, and quinine. This finding supports previous research which suggests that CDP 

increases consumption of stimuli. To isolate why there was this increase, further analysis was 

conducted of segments of the session. In the larger segments called meals, defined groups of 

Figure 6. Total licks for male and female rats after CDP and saline for sucrose; * indicate significant 
difference  between CDP and saline at <0.05 level based on post hoc tests for females, # for males. 
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licks separated by pauses of 10 minutes or more, there were no significant differences between 

CDP and saline injections in duration. Changes in meal duration are typically associated with 

satiety, so the finding that these differences were not significant suggests that the difference in 

overall licks was not the result of differences in satiety caused by CDP. The number of licks in 

each meal is generally considered a measure of palatability, with more licks associated with 

higher palatability. Rats has significantly more meal licks overall after CDP injection, which 

suggests that they in general found stimuli to be more palatable. Specific increases were seen for 

NaCl, sucrose, and quinine.  

 To further isolate palatability, a measure of first minute licks was taken. This is generally 

accepted to specifically measure palatability because in the first minute post-ingestive cues 

related to satiety do not yet have a large influence on licking behavior. A significant increase 

after CDP injection occurred for NaCl, and a significant decrease after CDP injection occurred 

for sucrose. This suggests that the CDP rats found NaCl to be more palatable. In the data for 

water alone, rats injected with CDP tended to lick significantly less in the first minute. Given 

this, the fact that they licked slightly more to quinine and citric acid suggest that they probably 

found these solutions more palatable as well even though the increase in licking was not 

significant. The decrease seen for the sucrose solution was probably a result of the rats licking 

maximally to the solution because it was so palatable, and the decrease was of the same origin as 

the decrease seen for water, possibly related to the sedative effects of the CDP drug.  

 Other microanalysis measures taken which are thought to measure palatability included 

measure of pause duration, measures related to smaller session segments referred to as bursts, 

and measure of licking rate. For the measure of pause duration, shorter pause duration is 

associated with increase palatability. Overall, after CDP injection pause duration was found to be 
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lower, indicating a general increase in perceived palatability. Specific decreases in pause 

duration were found for sucrose, citric acid, and quinine, suggesting that rats found these to be 

more palatable after CDP injection. Measures taken related to burst were number of bursts, burst 

duration, and burst size. Although individually it is hard to see what the results indicate about 

palatability, taken together they seem to suggest that palatability was increased after CDP for 

NaCl and sucrose.  An increase in the number of bursts was seen for sucrose after CDP, which 

suggests that they found this stimulus to be more palatable. There was a similar pattern for both 

burst duration and burst size, which is not surprising because the duration of bursts and the size 

of the bursts (number of licks within the burst) are clearly related. A significant increase in burst 

duration and in burst size was seen for NaCl. There was not a significant increase in burst 

duration for sucrose and was actually as significant decrease in burst size for sucrose, but the 

data for water in both of these cases, as in the first minute licks, looks very similar to those for 

sucrose. It is likely that CDP injected rats were not able to lick as many times within one burst 

and thus sustain as long a burst duration, but because they found the sucrose solution to be so 

palatable it seems they made up for this difference by increasing the number of bursts for 

sucrose. The final measure, licking rate, is also generally associated with palatability. An 

increase in licking rate indicates an increase in perceived palatability. Overall, licking rate after 

CDP injection was higher, indicating that in general rats found the solutions to be more palatable 

after CDP injection. This increase in licking rate was significant for NaCl, citric acid, and 

quinine, suggesting that for these stimuli in particular perceived palatability was increased 

enough to significantly increase licking rate.  

Short Term 



  CDP influence on ingestive behavior. 

  18 

 Water test days were conducted to measure how CDP affected licking behavior to a 

neutral solution. The data from these test days indicate that, in the absence of specific taste cues, 

males lick more than females. They also indicate that rats injected with saline lick more than rats 

injected with CDP. This is a particularly interesting finding given that often rats injected with 

CDP licked significantly more than rats injected with saline in response to taste solutions, 

indicating that this increased licking is not simply the result of being more thirsty but rather a 

strong effect of an increase of the perceived palatability. Additionally, these test days were 

conducted at both the beginning and end of the study to see whether the long term water 

restriction and repeated CDP exposure changed the licking response in the absence of taste cues. 

However, there were no differences seen between water test days at the beginning and at the end 

of the experiment indicating that there was no effect of the repeated daily injections and testing 

sessions.   

For all tastants tested there was a significant effect of concentration. This is expected 

because as concentration of an aversive chemical tastant increases, the taste stimulus becomes 

more aversive and thus licking decreases; conversely, as concentration of an appetitive chemical 

tastant increases, the taste stimulus becomes more appetitive.  The data collected from the female 

rats for NaCl solutions did not suggest a drug effect. However interaction between concentration 

and drug seen clearly in the data from the male rats indicates that as NaCl concentration 

increases and the stimulus typically becomes more aversive to rats, after being injected with 

CDP, rats continue to find the stimulus more palatable. The higher lick ratio seen at lower 

concentrations for rats injected with saline probably reflects the tendency for rats injected with 

saline to drink more than rats injected with CDP when tastants are palatable because of the 

sedative nature of the drug. The lack of a drug effect for female rats may have occurred because 
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NaCl is a less aversive stimulus for females than for males because females are more sensitive to 

maintaining fluid balance. 

The data collected for citric acid solutions showed a similar pattern for both male and 

female rats. Again, while increasing concentrations of citric acid are known to be aversive to rats 

typically, after CDP injection these higher citric acid concentrations continue to be more 

palatable. This could indicate an increase in perception of palatable qualities or a decrease in the 

perception of aversive qualities.  Data from quinine solutions again had a similar pattern. 

However for quinine, rats injected with saline showed a more aversive reaction than rats injected 

with CDP even at the lowest concentration. This indicates that even at this lowest concentration 

the quinine solution is aversive enough that there is a relative increase in palatability resulting 

from CDP injection; in contrast citric acid and NaCl may not be quite as aversive at the lowest 

concentrations.  Together, the results from these three aversive stimuli indicate that CDP leads to 

increased perceived palatability for aversive stimuli. 

Data on the appetitive sucrose solution showed that rats licked more after CDP injection 

than after saline injection. Given the information that when given access to water, a neutral 

solution, rats injected with CDP licked less than rats injected with saline, this increase in licking 

indicates that rats injected with CDP found sucrose solutions to be more palatable than rats 

injected with saline. Based on past research which has demonstrated that in this time period rats 

are only able to lick about 90 times, there seemed to be a ceiling effect on licking rates for both 

males and females by the second or third concentration tested. It appears that rats injected with 

CDP were licking maximally even at the lowest concentration because they found the solution to 

be as palatable at lower concentrations as the higher sucrose concentrations were for rats injected 

with saline.  However, males reached this maximal licking rate by a 50mM concentration and 
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females reached this maximal licking rate by the 75mM concentration. After rats reached this 

ceiling on licking rate, no significant differences could be seen between rats injected with CDP 

and rats injected with saline. These results suggest that CDP increases the palatability of 

appetitive stimuli, as supported by previous research.  

The results of both short and long term testing provide behavioral evidence for an 

increase in perceived palatability after benzodiazepine use for both appetitive and aversive 

tastants. Previous research has demonstrated the presence of GABAA receptors in the primary 

afferent taste pathway, specifically the NST, PBN, and primary gustatory cortex, and suggested a 

role for these receptors in the modification of incoming taste information. Based on this research, 

the increase in palatability found after benzodiazepine use in this study is likely the result of 

increased activation of GABAA receptors in these areas. Future studies recording directly from 

neurons in the NST, PBN, and primary gustatory cortex before and after benzodiazepine 

injections could help clarify whether benzodiazepine-induced changes in the afferent neural 

coding patterns evoked by gustatory stimuli in specific brain areas is responsible for the increase 

in perceived palatability of tastants seen after benzodiazepine use. 

References 

Berridge KC and Treit D. (1986) Chlordiazepoxide directly enhances positive ingestive  

reactions in rats. Pharm Biochem & Beh. (24) 217-221.   

Clifton PG and Cooper SJ. (1996) The benzodiazepine partial receptor agonist, 

 bretazenil, provokes a strong hyperphagic response: a meal pattern  

            analysis in free feeding rats. Behavioural Pharmacology. (7) 454-461.   

Cooper SJ and Francis RL. (1979) Feeding parameters with two food textures after  



  CDP influence on ingestive behavior. 

  21 

chlordiazepoxide administration, alone or in combination with d-amphetamine or 

fenfluramine. Psychopharmacology (62) 253-259. 

Cooper SJ and Francis RL (1980) Interactions of chlordiazepoxide and anorectic agents  

on rate and duration parameters of feeding in the rat. Psychopharmacol. (69) 261-265. 

Cooper SJ and Yerbury RE. (1986) Midazolam-induced hyperphagia & FG 7142-induced  

anorexia: behavioural characteristics in the rat. Pharm, Biochem & Beh. Jul 25(1):99-106. 

DiLorenzo PM. (1995) Corticofugal influence on the taste responses in the nucleus of the 

solitary tract in the rat. J Neurophysiol 74: 258-272. 

Du J, Bradley RM. (1998) Influence of GABA on acutely isolated neurons from the gustatory 

zone of the rat nucleus of the solitary tract. Chem Senses 23: 595-604. 

Jia H, Zhang G, Wan Q. (2005) A GABAergic projection from the central nucleus of the 

amygdale to the parabrachial nucleus: an ultrastructural study of anterograde tracing in 

combination with post-embedding imMocytochemistry in the rat. Neurosci Lett 382: 153-

157. 

Kang Y, Yan J, Huang T. (2004) Microinjection of bicuculline into the central nucleus of the 

amygdale alters gustatory responses of the rat parabrachial nucleus. Brain Res 1028: 39-

47. 

King MS. (2003) Distribution of imMunoreactive GABA and glutamate receptors in the 

gustatory portion of the nucleus of the solitary tract in rat. Brain Res Bull 60: 241-254. 

Kobashi M, Bradley RM. (1998) Effects of GABA on neurons of the gustatory and visceral 

zones of the parabrachial nucleus in rats. Brain Res 799: 323-328. 



  CDP influence on ingestive behavior. 

  22 

Lopez-Garcia JC, Bermudez-Rattoni F, Tapia R. (1990) Release of acetylcholine, γ-

aminobutylate, dopamine, acid glutamate, and activity of some related enzymes in rat 

gustatory neocortex. Brain Res 523: 100-104. 

Ogawa H, Hasegawa K. (1991) Changes in taste response of cortical neurons by 

microelectrophoretic application of bicuculline in rats. Neurosci Res Suppl 16: s139. 

Ogawa H, Hasegawa K, Ikeda I. (1991) Sensitivity to glutamate and GABA of neurons in 

cortical gustatory area in rats. Neurosci Res Suppl 14: s25. 

Peciña, Susana, and Berridge, KC. (1996) Brainstem mediates diazepam enhancement of  

palatability and feeding: microinjections into fourth ventricle versus lateral ventricle. 

Brain Research (727) 22-30.   

Sharp AA, Finger TE. (2002) GABAergic Modulation of Primary Gustatory Afferent Synaptic 

Efficacy. J. Neuobiol 52: 133-134. 

Smith DV, Li C. (1998) Tonic GABAergic Inhibition of Taste-responsive Neurons in the 

Nucleus of the Solitary Tract. Chem Senses 23: 159-169. 

Smith DV, Li C. (2000) GABA-mediated corticofugal inhibition of taste responsive neurons in 

the nucleus of the solitary tract. Brain Res 858: 408-415. 

Söderpalm AHV, Berridge KC. (2000) The hedonic impact and intake of food are increased by 

midazolam microinjection in the parabrachial nucleus. Brain Res 877: 288-297. 

Sun N, Yi H, Cassell MD. (1994) Evidence for a GABAergic interface between cortical afferents 

and brainstem projection neurons in the rat central extended amygdale. J Comp Neurol 

340: 43-64. 


