
 
 
 
 
 
 

GABAergic Influences Increase Ingestion across All Taste Categories 

Liz Miller 

Molly McGinnis 

Lindsey Richardson 

 

 

 

 

 

 

 

 

 

 

A research thesis submitted in partial completion of PSY451 senior research thesis, at 

Wofford College 



 2

Abstract 

Each year six million people are diagnosed with generalized anxiety disorder 

(GAD) and around half of these people are given anti-anxiety drugs containing 

benzodiazepines. Benzodiazepines have their effect through GABAA receptors to 

increase the affinity of GABA in the brain. Chlordiazepoxide (CDP) was the first 

synthesized benzodiazepine and is most commonly used in brain research. The 

parabrachial nucleus (PBN) has been shown to be an important site of action for the 

effects of benzodiazepines on ingestive behavior. Previous research has resulted in 

hyperphagia and hyperdipsia which are common side effects of benzodiazepines. Taste 

reactivity tests suggest that benzodiazepines increase the appetitive qualities and decrease 

the aversive qualities within various taste categories. The majority of previous research 

has focused primarily on the palatability of sweet stimuli. The objective of this study was 

to examine not only appetitive stimuli but also the effects of CDP on aversive stimuli. 

Forty-eight male Sprague-Dawley rats were tested under counterbalanced CDP and saline 

conditions. All rats were exposed to one of three different concentrations of six taste 

stimuli. Complex microstructural analyses were conducted to examine meal analysis 

(meal licks and meal duration), licking pattern analysis (number of bursts, size of bursts, 

burst duration and pause duration), and taste-mediated analysis (first minute licks and 

average rate). Results from the present study show that CDP increased the appetitive 

qualities across all taste categories, primarily through changes in taste-mediated 

variables. This supports previous research that benzodiazepines change the taste 

palatability all taste categories.
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Introduction 

Each year around six million people are diagnosed with generalized anxiety 

disorder (GAD). Half of the people with GAD are given an anti-anxiety drug containing 

benzodiazepines. Benzodiazepines, a type of depressant, have their effect through an 

inhibitory neurotransmitter in the brain called gamma-amino butyric acid (GABA). 

Research has shown that benzodiazepines act on the GABAA receptor to increase its 

affinity for GABA. GABA functions as an inhibitory neurotransmitter in the gustatory 

region of the parabrachial nucleus (PBN), mediated mostly by GABAA receptors 

(Yamamoto, 2008). There are more than fifteen different types of benzodiazepine 

medications, some of the most common are: Xanax®, Librium®, Valium®, and 

Ativan®. Chlordiazepoxide (CDP) is also known as Librium®. This drug has become 

important in benzodiazepine research on the brain (Chlordiazepoxide, 2007). Some long 

term effects of these drugs include impaired thinking, disorientation, confusion, muscle 

weakness, and weight gain (Benzodiazepines, 2005).  In addition, some short term effects 

include drowsiness, impaired motor coordination, depression, tremors, and altered vision 

(Benzodiazepines, 2005). It has been shown that obesity in rats after daily 

benzodiazepine administration is due to hyperphagia.   

Berridge and Treit (1985) demonstrated that hyperpahgia and hyperdipsia are 

known effects of benzodiazepines on rat taste palatability.  This drug is known to change 

the acceptance of many taste stimuli, therefore causing over-eating and weight gain. 

Taste reactivity tests suggest that benzodiazepines reduce the aversive components of an 

aversive stimulus which enhances palatability and increases positive behavioral responses 

(Berridge and Treit, 1985).  Observing ingestive and aversive actions that are elicited by 
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particular chemical stimuli gives insight into the qualities of the tastants.  Sweet tastants, 

such as sucrose and saccharin, primarily elicit appetitive ingestive responses.  Although 

at high concentrations the non-nutritive sweetener saccharin can be perceived as bitter 

resulting in decreased ingestion and aversive responses.  Salt solutions can elicit 

appetitive or aversive responses depending on the concentration of the test solution.  

Bitter and sour primarily elicit aversive responses.  Behavioral responses are typically 

measured by observing the rat during pauses from licking after the presentation of a 

stimulus during a test trial.  Berridge and Treit (1985) classified responses as appetitive 

or aversive based on the behaviors exhibited by the rat after infusion of a stimulus into 

the oral cavity.  The categorizations for strong appetitive responses include paw licking 

and lateral tongue protrusions.  Weaker appetitive ingestive responses include behaviors 

such as rhythmic mouth movements which demonstrate a slightly palatable solution.  

Fluid leaking from the rat’s mouth signaled a slightly aversive response to the stimulus, 

and gaping of the mouth, face cleaning, forelimb flails, and rapid movements indicated 

strong aversive responses.  Systemic administration of a benzodiazepine increased the 

number of ingestive behaviors across all tastants and suppressed the aversive responses. 

The fact that benzodiazepines have been known to shift the amount consumed and 

increase the occurrence of ingestive behaviors could suggest the drug directly enhances 

the taste palatability.   

The PBN, located in the pons, is the second relay nucleus of the taste system. It is 

a likely region on which benzodiazepines act to influence food intake. Higgs et al. (1996) 

found that when they injected midazolam, a benzodiazepine receptor agonist, into the 

PBN, food consumption was significantly increased in adult non-deprived rats. In 



 5

addition, they found that this hyperphagic response was blocked by pre-treatment with 

the selective benzodiazepine receptor antagonist flumazenil. These data suggest that 

benzodiazepine receptors located in the PBN may be an important site of action for the 

effects of benzodiazepines on ingestive behavior. The enhancement of palatability 

brought about by intra-PBN injection of benzodiazepine is likely mediated by GABAA 

receptors in the PBN.  

Previous studies only examined the effect of benzodiazepines on sweet tastants.  

If benzodiazepines act on the taste system, then one could predict effects across all taste 

categories: sour, bitter, sweet, salt, and umami. The most common stimulus for the sour 

taste category is citric acid. Quinine hydrochloride (Q-HCl), another aversive stimulus, is 

used as a common bitter tastant. Both citric acid and Q-HCl are aversive at all 

concentrations. Myers and Sclafani (2003) found through one and two bottle tests that 

rats prefer water over both sour and bitter solutions. Sucrose and saccharin are common 

sweet tastants which can be classified by nutritive and non-nutritive sweeteners. Sucrose 

is considered to be an appetitive stimulus at all concentrations while saccharin can 

become aversive at concentrations higher than 10 mM. Sodium chloride (NaCl) is the 

most commonly used salt tastant. At hypotonic concentrations salt can be considered to 

be appetitive. However, at hypertonic concentrations salt becomes aversive, which is 

above 0.150 M. Monosodium glutamate is commonly used in current research as an 

umami stimulus. Although there has been little behavioral research on umami, it appears 

to be appetitive to rats at lower concentrations and potentially aversive at high 

concentrations.  
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Previous research has focused on the ability of benzodiazepines to increase the 

palatability of sweet stimuli. The objective of the present study was to not only examine 

appetitive stimuli but also to analyze the effects of CDP on aversive stimuli. It is 

hypothesized that rats will increase their consumption of a wider array of tastants 

including the more unpleasant tastes based on preliminary evidence suggesting 

benzodiazepine activity in the PBN to increase responsiveness to sweet and salt stimuli 

while decreasing responsiveness to sour and bitter stimuli.  

 

Methods 

Animal Subjects 

Forty-eight male Sprague-Dawley rats were used in this experiment. Each were 

individually housed in single plastic cages with a 7:00 am to 7:00 pm light/dark cycle. 

Prior to training in the AC-108 gustometer system, rats were placed on a restricted 

drinking schedule. This schedule allowed each rat to have one hour access to water daily. 

Prior to training the rats initial body weights were recorded in order to calculate CDP 

injection amounts. CDP was given at a dose of 10 mg/1 ml/1 kg of body weight. 

 

Chemical Stimuli 

Six different taste stimuli, with three concentrations of each, were used to test the 

effects of benzodiazepines on ingestion patterns. Each of the tastants were tested at low, 

medium and high concentrations as follows: sucrose (0.010, 0.1, 1.0 M) saccharin (0.005, 

0.01, 0.05 M), MSG (0.075, 0.1, 0.3 M), citric acid (0.007, 0.15, 0.03 M), NaCl (0.1, 0.3, 
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0.5 M), and Q-HCl (0.003, 0.010, 0.05 mM). Water was also tested as a non-taste control 

solution. 

 

Behavioral Testing Procedures 

The testing rig contained eight AC-108 gustometer cages each of which tested an 

individual rat. There was one training session in which the rats were given water in order 

to become accustomed to the lickometer and testing procedure. After training, the rats 

were tested in six phases of eight rats from 9:00 AM to 4:00 PM daily. CDP and saline 

injections were given twenty minutes prior to each individual group’s testing session in 

order for the drug to produce its maximal effects during the one hour test session. The 

groups were counterbalanced by alternating days of CDP and saline injections. In 

addition, phases 1 and 2 received the low concentrations, phases 3 and 4 received the 

medium concentrations, and phases 5 and 6 received the high concentrations of the taste 

stimuli. 

 All rats received tastants on a counterbalanced schedule in order to allow each rat 

to receive each tastant under both drug conditions for two consecutive test days. Bottle 

weight was measured before and after testing sessions in order to determine consumption 

and the AC-108 measured the time of each lick during the one hour test session. After the 

test session rats were returned to their home cages where they received fifteen minutes of 

free access to water.  
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Data Analysis 

 Complex microstructural analyses were conducted to examine meal analysis 

(meal licks and meal duration), licking pattern analysis (number of bursts, size of bursts, 

burst duration and pause duration), and taste-mediated analysis (first minute licks and 

average rate).  The number of licks in a meal includes the first lick and all the licks 

thereafter until there is a 10-minute pause.  This 10-minute pause terminates the meal.  

The microanalysis was only conducted on the data collected within the first meal.  The 

meal duration is the average amount of time (seconds) between the first lick and the 10-

minute pause.  Burst number is the average number of bursts within a meal.  A burst is 

terminated by a 1-second pause.  Burst size is the number of licks within each burst.  

Burst duration is the average length of time within each burst.  Pause duration is a 

measurement of the length of time between bursts.  The total number of licks within the 

first minute is also considered.  The maximum is approximately 360 licks because a rat 

can lick up to 6 times per second for 60 seconds.  Average rate is calculated by dividing 

the meal licks by the meal duration to find the average number of licks per second.  A 

mixed factorial ANOVA was conducted in order to examine the main effects of drug and 

concentration as well as any interaction between the two variables. Post-hoc paired t-tests 

were used to determine significant effects of CDP within each concentration. 

Significance was defined at p < 0.05.  

 

Results 

Sodium Chloride (NaCl) 
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NaCl was tested at three different concentrations, 0.1, 0.3, and 0.5 M. The 

hypotonic concentration, 0.1 M, was considered an appetitive stimulus, while both 

hypertonic concentrations (0.3 and 0.5 M) were considered to be aversive stimuli for rats. 

As shown in Figure 1E, there was an overall increase in meal licks for CDP compared to 

the saline group [F(1,45)=10.531, p<0.01]; however, this was only significant at the 

medium concentration (0.3 M) as shown through a post-hoc t-test.  The lowest 

concentration showed a possible ceiling effect in that the rats in both drug groups licked 

at their maximum ability. The highest concentration of NaCl (0.5 M) produced a decrease 

in the meal licks due to the avoidance behavior of the rat to this strongly aversive 

solution. There was no main effect found for meal duration. This means that the duration 

of the meal did not significantly differ between the CDP and the control condition. 

Therefore, the animals lick more during similar meal lengths increasing the temporal 

density of licking. 

There was no main effect found for size or number of bursts. However, there was 

a significant main effect of burst duration [F(1,45)=6.335, p<0.05]. T-tests show a 

significant increase in burst duration for the medium and high concentrations (Figure 5E). 

This shows that for aversive concentrations of salt, rats licked for longer periods without 

taking a break. In addition, there was a main effect was found for pause duration 

[F(1,45)=4.966, p<0.05]. There was also an interaction between CDP and concentration 

[F(2,45)=12.747, p<0.01] for pause duration. As shown in Figure 6E CDP had lower 

pause durations at the low and medium concentrations. However, at the high 

concentration CDP had higher pause duration than saline. All three concentrations 

showed significant effects when analyzed through a t-test. This means that during the 
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CDP condition at the highest concentration, rats took longer pause durations due to the 

highly aversive nature of the stimulus. However, during CDP conditions at the low and 

medium concentrations rats took shorter pause durations than for saline.   

 As shown in Figure 8E, CDP caused an increase in both the lick rate 

[F(1,45)=27.119, p<0.01] meaning that the rats licked at a faster rate while under the 

drug condition. In addition, there was a significant main effect of licks in the first minute 

[F (1,45)=14.417, p<0.01] meaning that under the CDP condition they licked more in the 

first minute (Figure 7E). This shows that there was a taste mediated effect of CDP in that 

it increased the palatability of NaCl by reducing the aversive properties of medium and 

high concentrations of salt. 

 

Sucrose 

Sucrose was tested at three different concentrations, 0.01, 0.10, and 1.0 M.  All 

three concentrations were considered appetitive stimuli.  There was an overall significant 

increase of meal licks for CDP compared to saline [F(2,45)= 16.890, p<0.01] as shown in 

Figure 1A.  A post-hoc paired sample t-test showed a significant increase for CDP over 

saline at each concentration.  There was no main effect found for meal duration.  This 

means the drug effect caused the rats to lick more within the same amount of time as the 

rats under the saline condition.  The increased temporal density of licking caused an 

overall increase in the number of licks without effecting the duration.   

There was no main effect found for total number of bursts within the first meal.  

This shows that the pattern of licking was not altered because of a drug effect.  This also 

implies that the rats were licking more within each burst due to CDP rather than 
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increasing the number of bursts in order to increase the overall meal licks.  CDP 

significantly increased the overall number of licks per burst [F (1, 45) = 7.625, p<0.01] 

without significantly affecting individual concentrations (Figure 4A).  CDP also 

significantly increased the duration of the bursts [F(1,45)=11.49, p<0.01] as shown in 

Figure 5A.  A post-hoc paired t-test shows CDP significantly increased the burst duration 

for the low and high concentrations.  The significant increase in burst duration shows that 

the rats were licking for longer periods of time which influenced the increase in overall 

meal licks.  This also highlights the importance of the duration rather than number of 

bursts and how it influences overall meal licks.  CDP significantly decreased the pause 

duration [F(1,45)=13.450, p<0.01] as shown in Figure 6A.  The post-hoc paired t-test 

showed CDP significantly decreased the pause duration for the highest concentration.  

This shows that the rats were spending significantly less time pausing because of the 

increase in licking caused by the CDP.   

As shown in Figure 8A, CDP significantly increased the lick rate [F(1,45)=29.411, 

p<0.01].  The CDP increased the average lick rate across all tastants.  The paired t-test 

revealed CDP significantly increased the lick rate at the lowest and highest 

concentrations of sucrose.  This shows that the CDP made the sucrose solution 

significantly more palatable because the rats licked faster across the entire meal.  There 

was no significant main effect for CDP in the first minute licks.  All subjects were water-

deprived; therefore all were motivated by thirst to lick the solution in the first minute.  

The lack of significance can be explained due to a ceiling effect for first minute licks 

regardless of drug condition or concentration of the tastant.  
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Saccharin 

Saccharin, tested at 3 different concentrations (0.005, 0.010, and 0.050 M) shows 

an overall main effect of CDP on meal licks [F (1, 45) =17.54, p<0.01]. T-tests show that 

CDP increased the meal licks only for the appetitive low (0.005 M) and medium (0.010 

M) concentrations. The aversive high concentration, 0.050 M, did not show any affect of 

CDP on meal licks. There was likewise a main effect of concentration [F (2, 45) =24.647, 

p<0.01]. A significant interaction between CDP and concentration [F (2, 45) =3.278, 

p<0.05] can be seen in Figure 1B in which the overall meal licks decreased for both CDP 

and saline at the aversive, 0.050 M concentration. In addition, there was main effect of 

CDP [F (1, 45) =7.472, p<0.01] for meal duration (Figure 2B). CDP was shown to 

significantly decrease the duration of the meal, but only at the 0.050 M concentration, as 

indicated by t-tests. This means that at this aversive concentration, rats injected with CDP 

had significantly shorter meal durations.  

  There was no significant effect for number of bursts, size of bursts, or for burst 

duration. However, pause duration showed a significant main effect for CDP [F (1, 45) 

=16.428, p<0.01] as shown in Figure 6B. This means that with CDP versus the control, 

there are shorter pause durations, but only at the low and medium concentrations as 

indicated by t-tests. When they are not as motivated to lick, pauses would be longer. 

Research has shown that rats show different patterns of behavior based on whether 

something is aversive or appetitive. For example, an appetitive behavior is grooming, and 

an aversive behavior is gaping or tongue protrusions. These behaviors could be indicative 

of the time taken during these pauses from licking. 
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  Average lick rate shows a main effect of CDP [F (1, 45) =35.316, p<0.01] as shown 

in Figure 8B. T-tests show that this is significant at all concentrations. Rats licked at a 

faster lick rate while under the drug versus control condition. For licks per first minute, 

there was a main effect of CDP [F (1, 45) = 12.711, p<0.01] and a significant interaction 

between CDP and concentration [F (2, 45) =7.24, p<0.01].  The interaction indicates that 

for the low and medium concentrations of saccharin, there was no significant difference 

in the first minute licks between the CDP and saline condition. However, at the high 

concentration, there was a significant difference between the CDP and control condition 

in which CDP was shown to increase the number of licks within the first minute (Figure 

7B). Although the rats are water deprived and are highly motivated to lick, they still seem 

to avoid the aversive concentration of 0.050 when under the control condition. CDP, 

however, shows a significant increase in first minute licks for this aversive concentration. 

 

Citric Acid 

Citric acid, an aversive stimulus, was tested at concentrations of 0.007, 0.015, and 

0.030 M.  There was no effect of CDP on the meal licks for citric acid; however, a main 

effect was found for concentration [F(2,44)=6.683, p<0.01].  This significance means that 

the concentration did influence the quantity consumed such that as the sour solution 

increased the intensity, decreased.  There was no main effect found for meal duration 

meaning the drug had no effect of the length of the meal. 

There was no main effect found for number of bursts and there was no main effect 

found for size of bursts.  There was a main effect found for concentration on burst 

duration [F(2,44)=8.321, p<0.01].  This shows that even though there was not a significant 
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effect of drug, the concentration influenced the average length of time the rats were 

licking within a burst.  There was a significant decrease in pause duration caused by CDP 

[F(1,44)=4.605, p<0.05] as shown in Figure 5D.  A t-test showed that there was a 

significant difference between CDP and saline at the 0.007 and 0.015 M concentrations.  

Shorter pause durations imply that the rats are spending more time licking at the low and 

medium concentrations, therefore less time is spent pausing.  

Figure 7D shows a main effect for CDP on first minute licks [F(1,44)=10.662, 

p<0.01], and there was also a main effect found for concentration on first minute licks 

[F(2,44)=12.689, p<0.01].  A t-test showed that CDP significantly increased the 1st minute 

licks at the 0.007 M concentration.  There was a main effect found for CDP, as displayed 

in Figure 8D, because it increased the average rate [F(1,44)=9.677, p<0.01].  There was 

also a main effect found for concentration on average rate [F(2,44)= 16.504, p<0.01].  A t-

test showed that there was a significant increase in average lick rate caused by the CDP at 

the 0.007 M concentration.  

 

Quinine 

           Quinine (Q-HCl) was tested at the different concentrations, 0.003, 0.010, and 

0.050 mM. Q-HCl is typically an aversive stimulus to rats.  There was an overall increase 

in meal licks in the CDP group [F(1,45)= 24.369, p<0.01] compared to the control group 

for all three concentrations (Figure 1F). Also, there was a main effect of concentration, 

[F(2,45)= 23.318, p<0.01] indicating that the high Q-HCl concentration was more aversive 

than the low or medium concentrations.  There was no main effect found for meal 

duration. 
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     There was no main effect of CDP on number of bursts. There was a main effect of 

CDP for size of bursts [F(1,45)= 12.989, p<0.01] as seen in Figure 4F.  CDP also 

significantly increased burst duration [F(1,45)= 14.808, p<0.01] across all the 

concentrations (Figure 5F), thus showing a main effect of concentration [F(2,45)= 13.208, 

p<0.01].  There was no main effect of CDP on pause duration.  

CDP significantly increased the overall lick rate [F(1,45)= 10.434, p<0.01] as 

displayed in Figure 8F.  This increase was only significant at the low and medium 

concentrations.  CDP significantly increased licks in the first minute [F(1,45)= 25.337, 

p<0.01] and this was seen across all three concentrations but only significant in the 

medium and high concentrations (Figure 7F).   

 

MSG 

 MSG, tested at three different concentrations (0.075, 0.1, and 0.3 M) shows an 

overall main effect of CDP on meal licks [F(1,45) = 41.148, p<0.01]. Post hoc t-test show 

that CDP increased the meal licks for all concentrations. This means that CDP caused an 

increase in the number of licks in a meal. For meal duration there was a significant 

interaction between CDP and concentration [F(2,45)=3.29, p<0.05]. As shown in Figure 2C 

there were significant differences between CDP and the control at the highest 

concentration. However, at the low and medium concentrations, there was less of an 

effect of drug.  

 As shown in Figure 3C, there was a main effect of CDP for the number of bursts 

[F(1,45)=13.583, p<0.01]; however there were no significant effects for size of bursts and 

burst duration. This means that under the CDP condition, there was an increase in the 
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number of bursts within a meal but there was not an increase in the size or the length of 

the bursts. There was a significant main effect of CDP for pause duration [F(1,45)=30.535, 

p<0.01]. Under the CDP condition, rats had significantly shorter pauses during the meal 

for the low and medium concentrations, as indicated by t-tests (Figure 6C).  

There was a main effect of CDP for lick rate [F(1,45)=30.535, p<0.01]. This means 

that while under the CDP condition rats licked faster at both low and high concentrations 

of MSG as shown by t-tests (Figure 8C). There was no significant main effect for the 

number of licks in the first minute. Within the first minute rats were licking maximally 

creating a ceiling effect as shown in Figure 7C.  

 

Discussion: 

Previous research has shown that CDP increases the responsiveness to appetitive 

stimuli, such as sweet. However, in this study the effects of CDP across a wider array of 

tastants were examined to test the drug’s effect on aversive stimuli as well. In addition to 

the generally appetitive stimuli, sucrose, low saccharin, MSG and low NaCl; the aversive 

stimuli, high saccharin, high NaCl, QHCl, and citric acid were examined. 

  

Meal analysis 

Meal licks are most representative of the ability for benzodiazepines to produce 

hyperphasia. CDP caused a significant increase in the licks per meal for sucrose, MSG, 

QHCl, and appetitive concentrations of saccharin and NaCl. The increase in the number 

of licks for the appetitive stimuli, sucrose, low and medium concentrations of saccharin, 

MSG, and low and medium concentrations of salt shows that CDP increased the 
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palatability of these tastants. On the other hand, the fact that CDP increased the number 

of licks for bitter, an aversive stimulus, shows a decrease in the aversiveness of the 

stimuli. These results show an overall effect of hyperphagia. For example, in Figure1 

there is an overall increase in the number of licks as indicated by the asterisks. There was 

no effect of CDP for sour. This is due to the fact that too high of concentrations were 

used and were too aversive to the rats. In future studies, these concentrations could be 

lowered in order to find a main effect of drug.  

Meal Duration tends to be related to motivational states such as feedback from the 

gut, thirst, and anxiolytic effects. If these motivational states are influencing the rats’ 

feeding behavior, then one would expect an increase in meal duration. However, there 

was not a significant difference between the duration of the meals for the drug versus the 

control condition. As aforementioned, rats are increasing meal licks across to the 

different stimuli, whether they are appetitive or aversive, while under the influence of 

CDP. Therefore, it is concluded that because they are licking for the same amount of time 

under both conditions, the temporal licking pattern for the CDP condition must be denser. 

Examination of the following licking pattern analyses helps to account for the increased 

number of licks while produced by systemic CDP injection.  

 

Licking pattern analysis 

Pause duration is an indicator of palatability related to the interest of the tastant. 

When rats pause for greater than one second they are performing behaviors dependent 

upon whether or not the stimulus is aversive or appetitive. Appetitive stimuli produce 

behaviors such as grooming and resting while aversive stimuli produce behaviors such as 
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gaping and tongue protrusions.  These behaviors could be indicative of the time taken 

during these pauses from licking. CDP decreased the pause duration for all appetitive 

stimuli as well as sour and bitter. This suggests an increase in palatability across all the 

tastants because CDP made the rats lick more thus spending less time pausing. This 

decrease in pause duration can be accounted for through increased burst duration, burst 

size, number of bursts.  

Number of bursts is related to the stopping and starting of licking. Changes in the 

number of bursts could be related to sedation of the inability to sustain licking. Excluding 

MSG the number of bursts did not change for the tastants. Because the burst are defined 

by a pause of one second or longer, this also means that the number of pauses did not 

change. Although not significant, a slight increase in the number of bursts contributes to 

the overall increase in meal licks.  

Burst Duration can be linked to burst size if the licking rate is constant. The 

duration of the burst was slightly increased for sucrose, MSG, and NaCl because of CDP. 

Increases in the licks and bursts may account for the longer burst duration. The slight 

increase for burst duration correlates with the decrease in pause duration because the rats 

are licking slightly longer with CDP meaning they spend less time pausing.  

The number of licks per burst is a measure of the ability to sustain licking. 

Appetitive or palatable stimuli tend to sustain licking during bursts. There is a similar 

increase shown for the number of licks per burst as was seen with the duration of bursts. 

This shows that CDP slightly increased the number of licks causing the bursts to last 

longer. Subtle changes in bursting patterns resulted in shorter pauses but did not account 

for the main effect of an increase in meal licks.  
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Taste-mediated 

Lick Rate is an indicator of palatability because rats can lick faster to more 

palatable solutions. CDP increased the average lick rate for both appetitive and aversive 

stimuli. This suggests an increase in the palatability of all tastants due to CDP. Rats 

licked faster under CDP conditions resulting in more meal licks regardless of the duration 

of the meal. This appears to be the main variable contributing to the hyperphagic effects 

of CDP. 

The first minute licks represent taste-mediated consumption because it does not 

allow for time of post-ingestive influences. Where there were no ceiling effects, CDP 

increased the number of first minute licks indicating a taste-mediated effect. Ceiling 

effects occurred for appetitive stimuli because the water deprived rats are maximally 

licking due to thirst. If rats are maximally licking then no increase in behavior can be 

demonstrated due to CDP-induced increases in palatability. These results indicate that 

CDP decreases the aversiveness and increased the appetitiveness of the tastants where 

animals were not motivated to respond maximally.  

 

Summary 

Results from the present study indicate that CDP increased the appetitive qualities 

of each stimulus, primarily through changes in taste-mediated variables. There was an 

overall increase in the number of licks in a meal for the drug condition, and no significant 

difference of meal duration between the two conditions. Based on this, it is assumed that 

denser licking occurs in order to create for a greater number of licks. Microanalysis of 
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licking patterns indicated increased rates of licking were most likely to account for the 

increased total meal licks. Future research should consider less aversive stimuli, such as 

sour, that would allow for effects of CDP to be apparent. For further knowledge of the 

direct relationship of the PBN, it would also be beneficial to test the effect of intra-PBN 

injections of benzodiazepine on rat taste behavior in the future. 
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Figure 1. Displays the number of meal licks under CDP and control conditions for (A) 
sucrose, (B) saccharin, (C) MSG, (D) citric acid, (E) NaCl, and (F) Q-HCl. CDP showed 
a general increase in meal licks across all tastants. Significant drug effects for specific 
concentrations are indicated by star (p<0.01) or plus (p<0.05) symbols.
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Figure 2. Displays meal duration under CDP and control conditions for (A) sucrose, (B) 
saccharin, (C) MSG, (D) citric acid, (E) NaCl, and (F) Q-HCl. CDP did not have a 
significant effect on any tastant.
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Figure 3. Displays the number of bursts under CDP and control conditions for (A) 
sucrose, (B) saccharin, (C) MSG, (D) citric acid, (E) NaCl, and (F) Q-HCl. MSG was the 
only taste category in which CDP significantly affected the number of bursts. Significant 
drug effects for specific concentrations are indicated by star (p<0.01) or plus (p<0.05) 
symbols. Overall CDP did not have an effect on the number of bursts.
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Figure 4. Displays the number of licks per burst in CDP and control conditions for (A) 
sucrose, (B) saccharin, (C) MSG, (D) citric acid, (E) NaCl, and (F) Q-HCl. Medium 
concentrations for Q-HCl showed a significant increase in number of licks per burst in 
the CDP condition. Significant drug effects for specific concentrations are indicated by 
star (p<0.01) or plus (p<0.05) symbols. Overall CDP did not have an effect on the size of 
the burst.
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Figure 5. Displays the burst duration under CDP and control conditions for (A) sucrose, 
(B) saccharin, (C) MSG, (D) citric acid, (E) NaCl, and (F) Q-HCl. CDP increased burst 
duration for Q-HCl, NaCl and sucrose. Significant drug effects for specific 
concentrations are indicated by star (p<0.01) or plus (p<0.05) symbols.
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Figure 6. Displays the pause duration under CDP and control conditions for (A) sucrose, 
(B) saccharin, (C) MSG, (D) citric acid, (E) NaCl, and (F) Q-HCl. CDP showed a general 
decrease in pause duration across all tastants. Significant drug effects for specific 
concentrations are indicated by star (p<0.01) or plus (p<0.05) symbols.
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Figure 7. Displays the number of licks in the first minute under CDP and control 
conditions for (A) sucrose, (B) saccharin, (C) MSG, (D) citric acid, (E) NaCl, and (F) Q-
HCl. CDP only increased the number of first minute licks for aversive stimuli because a 
ceiling effect is shown for appetitive stimuli. Significant drug effects for specific 
concentrations are indicated by star (p<0.01) or plus (p<0.05) symbols.
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Figure 8. Displays the lick rate under CDP and control conditions for (A) sucrose, (B) 
saccharin, (C) MSG, (D) citric acid, (E) NaCl, and (F) Q-HCl. CDP showed a general 
increase in lick rate across all tastants. Significant drug effects for specific concentrations 
are indicated by star (p<0.01) or plus (p<0.05) symbols. 

 


