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Abstract 
 

In general, the substances that are not palatable to an organism are those that are most 

important to its survival. By counting the number of licks a tastant elicits in a short exposure 

trial, the palatability of that tastant to rats can be determined without interference from gut 

feedback regarding calories or satiety. The issue of palatability is particularly relevant regarding 

the noted hyperphagic effects of benzodiazepines. Through research into this effect, 

benzodiazepines have become an important pharmacological tool for understanding the role of 

GABA in ingestive behavior. The current study therefore examined the effects of the 

benzodiazepine chlordiazepoxide (CDP) on the palatability of four tastants: sucrose, glucose, 

sucralose, and a mixture of both glucose and sucralose (G+S). Ip CDP was tested for its effect on 

palatability in brief-access and long-term microstructure analysis of licking by rats. Rats were 

classified as sucralose preferers (SP) and avoiders (SA) and the effect of CDP on licking based 

on preference was analyzed as well. It was hypothesized that CDP would increase the 

palatability of glucose and sucrose in all rats. Furthermore, CDP was expected to increase the 

palatability of sucralose in SP and SA, as demonstrated by increased intake following CDP 

administration. Ultimately, it was concluded that CDP does increase palatability of sucrose 

regardless of concentration. CDP was also found to increase the palatability of glucose. The sum 

of this research on the role of GABA in the PBN indicates just one complex mechanism in the 

neuroscience of taste.   
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Chlordiazepoxide increases the palatability of nutritive and non-nutritive sweeteners in rats 

Little is known about the neuroscience of taste relative to other sensory systems; but 

adaptively, it is arguably the most important. While diet is crucial to health, palatability is an 

important determinant of which foods we actually consume as part of our diet. For example, 

sweet tastants are appetitive because generally, sweet represents fuel. Information regarding 

what constitutes a healthy diet is more available now than ever before; but this trend is not 

reflected in the health of the general public, as one third of adults in the US are obese (CDC, 

2012). The recent obesity epidemic indicates that knowledge of what is healthy is often 

overridden by the adaptive mechanism for regulating intake, namely taste. This phenomenon 

highlights the importance of taste research and any research tools at our disposal. 

In the quest to understand fully the neural mechanisms responsible for taste and ingestive 

behavior, the rat is a useful model organism. The neural pathways for sensation and perception 

of gustation are similar in rats and primates (Rolls, 2005). Rats display the same stereotypical 

orofacial reactions to tastants as those found in human babies (Grill & Norgren, 1978). 

Furthermore, taste affect in the rat is modulated by the same variables that impact human taste 

affect (Berridge, 1991).  Analyses of licking behavior are commonly used to measure the 

palatability of tastants in rats. By counting the number of licks a tastant elicits in brief-access 

trials, the palatability of that tastant can be determined without interference from gut feedback 

regarding calories or satiety (Higgs & Cooper, 1998).  In longer exposure trials, it is possible to 

measure the palatability across meal patterns (Pittman et al., 2012). 

Another useful tool for taste research is the family of drugs known as benzodiazepines, 

helpful for their modulation of GABA activity. Benzodiazepines are a class of γ-aminobutyric 

acid (GABA) agonists (Sigel & Steinmann, 2012). A special kind of agonist, the drugs do not act 
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in place of GABA, but rather augment the effect of endogenously released GABA. By binding to 

GABAA receptors, benzodiazepines potentiate the opening of endogenous Cl- ion channels 

involved in GABAergic transmission (Richards & Möhler, 1984). Benzodiazepines are typically 

used as anxiolytics or in the treatment of alcohol addiction, but hyperphagia was an early noted 

effect of the drug on rats and other animals (Sigel & Steinmann, 2012; Randall & Kappell, 

1961). Through research into this effect, benzodiazepines have become an important 

pharmacological tool for understanding the role of GABA in ingestive behavior. 

Benzodiazepines have been shown to increase directly the palatability of both pleasant and 

normally avoided stimuli (Berridge & Treit, 1986; Higgs & Cooper, 1998; Soderpalm & 

Berridge, 2000; Pittman et al., 2012). Specifically, the drug-induced hyperphagia is the result of 

benzodiazepine-modulated GABA receptors acting to increase the palatability of normally 

pleasant stimuli, such as a sweet solution, and decreasing the aversiveness of a normally avoided 

tastant, such as quinine. Furthermore, the effect of benzodiazepines on palatability has been 

blocked by antagonist and inverse-agonist benzodiazepine ligands (Treit, Berridge & Schultz, 

1987). Inverse-agonists produce the opposite effects of agonists, whereas antagonists merely 

block the effect of agonists (Braestrup et al., 1982). 

An important aspect of benzodiazepine research is locating the area of the brain where 

GABA is involved in taste. GABA receptors are most numerous in forebrain areas; however, 

several sites involved in the taste system are located in the mid and hindbrain, such as the 

pontine parabrachial nucleus (PBN) and the pedunculopontine tegmental nucleus (Berridge, 

1988; Scheel-Kruger et al., 1977). In rodents, the PBN serves as the second relay nucleus in the 

taste system (Norgren, 1984). It projects to the amygdala, as well as to subcortical regions, and 

has been shown to be necessary in forming conditioned taste aversions (Yamamota et al., 1994). 
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Peciña and Berridge (1996) found that microinjections of the benzodiazepine midazolam in the 

fourth ventricle of rats had a much greater hyperphagic effect than did microinjections in the 

lateral ventricles. Subsequent studies suggest that the GABA receptors responsible for this effect 

are located in the PBN (Soderpalm & Berridge, 2000; Higgs & Cooper, 1996).   

Another useful tool in taste research is the increasing numbers of non-caloric sweeteners. 

Concerns over obesity and related diseases like diabetes have led to increasing popularity of 

artificial sweeteners, which activate sweet receptors in the mouth without contributing any 

calories (Servant et al., 2011). This disparity between taste and nutritive value is especially 

helpful in examining taste effects without caloric feedback. One such artificial sweetener, 

saccharin had the interesting noted effect of being extremely appetitive to rats when combined 

with glucose, more so than saccharin or glucose alone (Valenstein, Cox & Kakolewski, 1967). 

The appetitiveness appears to result from the synergistic sweetness achieved when different 

sweet receptors are activated simultaneously by the molecularly different tastants. Combinations 

of glucose with other sweeteners have not been closely examined.  

Sucralose is an artificial, non-caloric sweetener, produced by chlorinating sucrose. A 

component of the commercially available sweetener Splenda®, sucralose is 200-1900 times 

sweeter than sucrose, depending on concentration (Bennet et al., 1992; Fujimara, Park & Lim, 

2012). The response profile of rats to sucralose has been shown to be decidedly bimodal, with 

rats of both Sprague-Dawley and Long-Evans strains displaying either a sucralose preferer (SP) 

or sucralose avoider (SA) phenotype at increased concentrations of sucralose solutions (Loney et 

al., 2011). The effect is robust, with SA avoiding sucralose solutions even after 23 hours of water 

deprivation. This effect has been little studied. However, going forward it is potentially valuable 
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to research, given sucralose’s possible dissociation of taste from the reward consequences of 

ingestive behavior.  

The current study examined the effects of ip chlordiazepoxide (CDP) on the palatability 

of sweet tastants to rats. Four tastants were tested: sucrose, glucose, sucralose, and a mixture of 

both glucose and sucralose (G+S). Microstructural licking analyses were performed in two 

phases. Rats were divided into sucralose preferers (SP) and sucralose avoiders (SA) for analysis. 

It was hypothesized that CDP would increase the palatability of glucose and sucrose in all rats. 

Furthermore, CDP was expected to increase the palatability of sucralose and G+S in both SP and 

SA.  

Method 

Subjects 

 Twenty-four naïve male Sprague-Dawley rats (487g ± 9g) were used in this study. Each 

rat was housed in a single cage on a 12-hour light/dark cycle, in which the dark cycle began at 

noon. Daily testing began at the beginning of the dark cycle and was concluded within four 

hours. Rats were water-restricted throughout the testing phases, with only ten minutes of water 

access at the end of testing each day.  

Chemical Stimuli 

 The effect of the benzodiazepine chlordiazepoxide (CDP) on licking responses  to four 

tastants was measured during brief-access (30 and 60s) trials. CDP was administered in 

counterbalanced rotation with tastants.  Each day, half of the rats were given CDP injections and 

half saline injections (1mg/ml/kg i.p.) 20 minutes prior to individual testing. Rats that received 

CDP injections one day were given saline injections the next and vice versa. For each rat, 
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exposure to each tastant occurred over two consecutive days comprising both experimental and 

control conditions. 

Two sets of stimuli were tested in brief-access testing, one in each of two phases of 

testing.  The stimuli used in phase one were: sucrose (31, 62, 125, and 250mM); glucose (62, 

125, 250, and 500mM); sucralose (0.01, 0.25, 1, and 2 g/L); and G+S (31mM + 0.005 g/L, 

62mM + 0.25 g/L, 125mM + 0.5 g/L, and 250mM + 1 g/L). In phase two, slight adjustments 

were made. Stimuli in phase two were: sucrose (31, 62, 125, and 250mM); glucose (31, 62, 125, 

and 250mM); sucralose (0.01, 0.25, 1, and 2 g/L);  and G+S (31mM + 0.005g/L, 62mM + 

0.125g/L, 125mM + 0.5g/L, and 250mM + 1g/L). For long-term testing, only one concentration 

of each tastant was tested: sucrose (31mM); glucose (62mM); sucralose (0.125g/L); and G+S 

(62mM G + 0.125g/L S). 

Procedure 

 Brief-access testing. Half the rats were tested in Phase 1 and the other 12 were used 

during Phase 2. Testing was conducted in the MS-160, an automated apparatus that allows up to 

16 presentations of different taste stimuli and measures behavioral responses at a resolution of 

one millisecond. The MS-160 measures these responses with a researcher-customized computer 

program that controls the order of each stimulus presented, the time between each stimulus 

presentation, and the length of the stimulus presentation itself. The chamber that houses the MS-

160 is acoustically isolated and is equipped with a white-noise generator, air circulation fans, and 

a web camera that allows observation of the animal during testing.  

 Phase 1. Prior to testing, the rats were trained to lick with two water-training days, during 

which no drug condition. A water-test day began and ended the entire testing period. Following 

the first water-test day, eight testing days were completed with the taste stimuli. Rats were 
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injected before individual testing. For each test session, rats were presented with either sucrose, 

glucose, sucralose, or  G+S in a methodical rotation. Over the course of the phase, every rat was 

presented with each tastant twice, once after receiving CDP and once with saline. The tastants 

were rotated so that each of the three tastants was presented to one-third of the rats each day. In 

daily sessions, the rats had a 30-second period to initiate licking, otherwise the shutter closed, 

and the next concentration in the tastant set was presented. If licking was initiated, the rats had 

30 seconds from the first lick to continue licking. The interstimulus interval was ten seconds.  

 Phase 2. For the second phase of short-term testing, rats were trained with one day of 

water-training. After training, rats were run on a water-testing day. There were eight testing days 

followed by another water-testing day. Stimuli were presented in the same manner as in phase 

one, but the stimulus presentation after licking began was increased from 30 seconds to 60 

seconds.  

 Long-term testing. The 12 rats not in the brief access testing were used during Phase 1 

and the other twelve were used during Phase 2. Testing relied on the AC-108 lickometer 

apparatus. Eight rats were tested at a time with one solution each of either sucrose (31mM), 

glucose (62mM), sucralose (0.125g/L), and G+S (62mM G + 0.125g/L S). As in brief-access 

testing, long-term testing used a counterbalanced rotation of experimental and control conditions 

across tastant exposure. The lickometer can record up to 24 hours (with 1 ms resolution) of 

licking responses. The lickometer was used to test the number of licks to each solution during 

60-minute sessions. Rats were injected with either CDP or saline before each trial.  

Statistical Analysis. The effects of CDP on the average number of licks and average 

latencies for each concentration of each tastant were analyzed with repeated-measures ANOVAs 

and paired-samples t-tests. In order to test if there was an effect of sucralose preference, rats 
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were classified as SP or SA based on responses to the two highest concentrations of sucralose. 

Rats that increased licking were SP; those that decreased or did not change licks were SA. 

Microanalysis of the long-term testing involved statistically comparing variables such as 

sessions, bursts, pauses, and meals. A session was the 60-minute trial during which the rats were 

given access to a tastant. Meals were separated by breaks from licking of at least ten minutes, 

pauses were two-second breaks from licking, and pauses separated bursts of licking.  

Results 

Short-term testing  

Licks. Repeated-measures ANOVAs were conducted to analyze the effects of the 

conditions on licks. In Phase 1, a significant main effect of condition (CDP or saline) on licks to 

sucrose was not found. There was a significant main effect of the concentration of sucrose on 

licks, F(4,44) = 8.201, p < .001, partial eta2 0.427. The rats licked more as the concentrations got 

stronger (see Figure 1A). A significant interaction between condition and concentration was not 

found in Phase 2 either. A main effect for CDP was not found for the number of licks to sucrose. 

There was a main effect of concentration on the number of licks, F(4, 44) = 27.832, p < .001, 

partial eta2 0.717. An interaction was found for CDP and saline across the four concentrations 

including water, F(4, 44) = 8.581, p < .001, partial eta2 0.438 (see Figure 1B). CDP was shown 

Figure 1. Licks to all concentrations of sucrose in both conditions for Phase 1 (left) and Phase 2 (right), *p < .05. 

* *
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to increase the number of licks for the 31mM sucrose solution (t(11) = -2.461, p = .032) and the 

62mM sucrose concentration, t(11) = 5.307, p < .001.   

No main effect of condition was found on licks to sucralose in Phase 1, however there 

was a significant main effect of concentration of sucralose on licks, F(4,24) = 11.950, p < .001, 

partial eta2 0.666. A significant interaction between condition and concentration was found as 

well, F(4,24) = 6.075, p = .002, partial eta2 0.503. As seen in Figure 2A, rats licked more to 1g/L 

sucralose in the CDP condition than in the saline condition.  In Phase 2 there were no overall 

main effects of condition or concentration on the number of licks to sucralose. There was not a 

significant interaction between CDP and concentration (see Figure 2B). A significant interaction 

Figure 2. Licks to all concentrations of sucralose in both conditions for Phase 1 (left) and Phase 2 (right), *p < .05. 

 
was found between concentration and sucralose preference, F(4,28) = 11.681, p < .001, partial 

eta2 0.625 (see Figure 3). Simple effects showed that SA licked more than SP to 0.01g/L, F(1,7) 

= 5.698, p = .048, partial eta2 0.449. However, SP licked more than SA to 1g/L (F(1,7) = 19.631, 

p = .003, partial eta2  0.737) and 2g/L, F(1,7) = 42.214, p < .001, partial eta2 0.858. T-tests 

showed that preferers licked more with CDP (M = 313.643, SE = 31.814) than with saline (M = 

260.500, SE = 22.512) to 1g/L sucralose, t(6) = 2.201, p = .070 (see Figure 3). Avoiders also 

*
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licked more to 1g/L sucralose with CDP (M = 181.067, SE = 44.836) than with saline (M = 

04.800, SE = 33.060), t(4) = 3.062, p = .038.  

No significant effects or interactions for condition on licks were found for glucose in 

Phase 1 (see Figure 4A). In Phase 2 a significant effect of condition was found for number of 

licks to glucose, F(1,8) = 9.799, p = .014, partial eta2 0.551. There was also a significant effect of 

glucose concentration on number of licks, F(4,32) = 12.808, p < .001, partial eta2 0.616. There 

was not a significant interaction between the effects of CDP and the concentrations.  Rats licked 

more with CDP than with saline, as can be seen in Figure 4B. A paired-samples t-test showed 

Figure 3. Licks of SP and SA in both conditions, *p < .05. 

*
*

*

Figure 4. Licks to all concentrations of glucose in both conditions for Phase 1 (left) and Phase 2 (right), *p < .05. 

*
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that there was a significant difference in licks to 125mM glucose for the two conditions, t(10) = 

4.137, p = .002. 

 In Phase 1, a significant main effect of condition on licks to G+S was found, F(1,6) = 

10.120, p = .019, partial eta2 0.628. Concentration also had a significant effect on licks, F(4,24) 

= 3.286, p < .001, partial eta2 0.720. A significant interaction between condition and 

concentration was found, F(4,24) = 3.286, p = .028, partial eta2 0.354 (see Figure 5A). Licks in 

the CDP condition were significantly higher than in the saline condition for 125mM G + 0.5g/L 

S and 250mM G + 1g/L S. In Phase 2 a main effect of condition on licks to G+S was found, 

F(1,9) = 19.268, p = .002, partial eta2 0.682. There was no main effect of concentration on licks. 

A significant interaction between condition and concentration was found, F(4,36) = 2.830, p = 

.039, partial eta2 0.239 (see Figure 5B). A paired-samples t-test showed that licks to 125mM G + 

0.5g/L S were significantly different for the two conditions, t(9) = 2.926, p = .01. CDP rats 

licked more than the saline rats. A significant interaction between concentration and sucralose 

preference was found, F(4,24) = 6.875, p = .001, partial eta2 0.534 (see Figure 6). Simple effects 

showed that avoiders licked more than preferers to 0.01g/L (F(1,6) = 6.832, p = .040, partial eta2 

0.532) and preferers licked more than avoiders to 1g/L, F(1,6) = 9.891, p = .020, partial eta2 

0.622.  

Figure 5. Licks to all concentrations of G+S in both conditions for Phase 1 (left) and Phase 2 (right), *p < .05. 

* 
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Figure 6. Licks of SP and SA in both conditions, *p < .05. 

A paired-samples t-test was conducted on the licks during Phase 1 water-testing days. A 

significant difference between average licks or sum of licks in the CDP and saline condition was 

not found (see Figure 7A). The sum of licks for day one were significantly different from those 

in day two, t(10) = -2.966, p = .014. In Phase 2 there were no significant differences for licks 

during water testing (see Figure 7B). 

Figure 7. Average and sum licks during water testing, *p < .05. 

* *
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Latencies. A main effect of condition on latencies for sucrose was found in Phase 1, 

F(1,11) = 24.170, p < .001, partial eta2 0.687. Latencies were lower for the CDP condition, 

meaning that rats began licking more quickly when they had been given CDP (see Figure 8A). 

No main effect of concentration or interaction was found. In Phase 2 a significant effect of CDP 

was found for the amount of time it took the rats to respond to the four concentrations, F(1,11) = 

24.530, p < .001, partial eta2 0.690. There was also a main effect of concentration on latency, 

F(4,44) = 4.755, p = .003, partial eta2 0.302. A significant interaction was found between CDP 

and concentration, F(4,44) = 2.628, p = .047, partial eta2 0.193 (see Figure 9A). Post-hoc t-tests 

revealed that CDP latencies for 62mM, 125mM, and 250mM sucrose as well as water were 

shorter than saline latencies for those same concentrations.  

In Phase 1 no main effects or interactions on latencies for sucralose were found (see 

Figure 8B). There were no significant main effects or significant interactions for the latency 

measures for sucralose in Phase 2 either (see Figure 9B). 

Figure 8. Latencies for Phase 1, *p < .01. 
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No significant effects or interactions were found for glucose latencies in Phase 1 (see 

Figure 8C). However, a significant main effect of condition on latency was found in Phase 2, 

F(1,8) = 6.733, p = .032, partial eta2 0.827 (see Figure 9C). Latencies were shorter for the CDP 

condition than for the saline condition. 

In Phase 1 a main effect of condition on latency for G+S was found, F(1,11) = 13.003, p 

= .004 (see Figure 8D). A significant main effect of condition on latency was also found in Phase 

2, F(1,9) = 43.168, p < .001 (see Figure 9D). Latencies were lower when CDP was administered 

in both phases.  

A paired-samples t-test indicated that the latencies for the two water testing days in Phase 

1 were significantly different, t(11) = 3.863, p = .003 (see Figure 8E). Latencies for the first day 

were higher than those for the second day. In Phase 2 a significant difference in latency for the 

Figure 9. Phase 2 latencies, *p < .05. 
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two water-testing days was also found, t(11) = 4.734, p = .001 (see Figure 9E). Day one latencies 

were longer than those for day 2.  

Long-term testing 

Preferers licked more than avoiders overall (M = 3292, ± 249) and within the first meal 

(M = 2518, SE = 324), F(1,15) = 5.694, p = 0.031. Surprisingly, the biggest differences were for 

glucose and sucrose and not solutions containing sucralose.  Avoiders had slightly more meals in 

a session than preferers.  This was compensated by the meal durations that were shorter for 

avoiders compared to preferers, F(1,15) = 17.146, p = 0.001.  CDP reliably increased session and 

meal licks across tastants (see Figure 10).  CDP appeared to have a stronger effect on nutritive 

sweeteners; however, the effect of CDP on non-nutritive sweeteners was apparent only for the 

avoider and not the preferer group.  CDP slightly increased the number of meals (F(1,22) = 

13.715, p = 0.001) compared to saline; however, the duration of meals was shorter for CDP than 

saline, F(1,15) = 17.655, p = 0.001.  There was no effect of drug or avoider/preferer status on 

meal latency. 

Even though CDP increased licking in meals and decreased the duration of the meals, 

CDP slightly slowed the average rate of licking (F(1,15) = 14.167, p = 0.002) within a meal 

compared to saline. Changes in the structure of licking patterns within the meal underlie the 

increased consumption caused by CDP. Bursts are periods of licking with no pauses in licking 

Figure 10. Meal and session licks to all tastants in both conditions. 
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greater than 2 seconds. CDP decreased the number of bursts (F(1,15) = 5.912, p = 0.028) by 

increasing the number of licks within a burst and the duration of bursts (see Figure 11)and 

reducing the percent of meal time spent in pauses of greater than 2s not licking (saline 80.5% ± 

1.4%; CDP 53.2% ± 3%) (see Figure 12).  Overall this led to increased licking within shortened 

meal durations without changing the average rate of licking. 

Figure 12. Number of licks per burst and burst durations in both conditions for all tastants. 

 

Discussion 

The hypothesis that chlordiazepoxide (CDP) would increase the palatability of glucose 

and sucrose was supported by the results. The results only partially supported the hypothesis that 

CDP would increase the palatability of sucralose to both sucralose preferers (SP) and sucralose 

Figure 11. Percent time paused during sessions under both conditions for all tastants. 
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avoiders (SA). Neither concentration nor CDP had an effect on the palatability of sucralose to SP 

in short term. Results from the long-term were disappointing in that regard as well.  Both brief-

access and long-term responses to glucose and sucralose (G+S) solution appeared to be largely 

driven by the palatability of glucose, rather than the presence of sucralose. Surprisingly, the 

preference of sucralose had a larger effect on the palatability of sucrose and glucose than on the 

sucralose tastants.  

Phase 1. While phase one resulted in some of the desired effects, the sum of the total of 

the brief-access testing was largely inconclusive. The interaction of condition and concentration 

on licks to sucralose was indicative of the differing preferences between SA and SP, which was 

addressed more fully with the results from phase two. CDP had no effect on either glucose or 

sucrose. No effect of concentration was found for glucose, and the effect of concentration on 

sucrose was significant but slight. This overall lack of effect is highly unexpected given the body 

of research on benzodiazepines and palatability. Generally, increasing licks indicate increasing 

palatability, which is expected both with CDP and with higher concentrations of palatable 

tastants (Berridge & Treit, 1986; Higgs & Cooper, 1998; Soderpalm & Berridge, 2000; Pittman 

et al., 2012). A possible explanation for these results is that there was a ceiling effect due to the 

brevity of the trial period. It may be that the rats licked maximally during the 30-second trials, 

eliminating the possibility for CDP, and even concentration, to have an effect. For this reason, 

the amount of time the rats had to consume the substances was increased to 60 seconds for Phase 

2.  

Phase 2. The adjustments made to Phase 2 eliminated the ceiling effects that were seen in 

Phase 1, as effects of concentration and condition were seen in brief-access testing. The results 

for sucrose indicate that concentration and CDP interact to increase licks and shortened latencies; 
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however, insufficient data for one concentration may have led to a false conclusion. In past 

studies, benzodiazepines have been shown to increase the palatability of both high and low 

concentrations of sucrose (Berridge & Treit, 1986; Berridge & Treit 1987; Higgs & Cooper, 

1998; Pittman et al., 2012). It was concluded here that overall, CDP does increase the palatability 

of sucrose. Furthermore, CDP increased the palatability of all concentrations of glucose.  

Results did not support the expectation regarding the effects of CDP in SA and SP. On 

the contrary, the opposite effect was shown in that there was an increase in palatability of 

sucralose to SA but no effect of CDP on SP. The response of SP to G + S was expected to be 

increased by CDP; such an effect occurred, but the results from G+S more closely resembled 

those of glucose than of sucralose. The increase in palatability of glucose by CDP likely 

overrode the aversiveness of sucralose to SA, as well as accounting for a drug effect in SP. 

Results from long-term supported this conclusion, as shown by the effect of preference on the 

palatability of glucose. 

Long-term. In the long-term testing, the behavioral changes that led to increased intake 

were more closely analyzed. The results corroborate the findings of Pittman et al., (2012). 

Despite increased intake, overall licking rate did not change. Rather, changes in the structure of 

licking patterns within meals accounted for the differences. Overall, CDP increased time spent 

licking and decreased pauses between licking. This indicates that, in addition to the hedonic 

impact of the tastant increasing, motivation to consume is increased as the increased licking 

occurs despite sedative effects of the drug. 

Together, the findings of Phase 1 and Phase 2 confirm many previous studies, which 

found that GABA enhancement of intake is due to an effect on palatability.  Behavioral results 

from the long term testing of this study were in line with reports by Pittman et al. (2012) on the 
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dissociation of motor and ingestive effects of benzodiazepines. Any sedative effects of CDP 

were ultimately irrelevant to intake, because the rats were motivated to lick more. Furthermore, 

the effect of CDP to increase intake of sucralose by sucralose avoiders further confirms that 

GABA influence is not to increase the perceived intensity of the tastants.  

The effects of sucralose preference also yielded supporting and novel results. Loney et al. 

(2011) reported that sucralose avoiders (SA) continue to avoid sucralose even after 23 hours of 

water deprivation, and the current findings corroborated that. The findings that sucralose 

preference has an effect on the palatability of sucrose and glucose merit further consideration. 

SA have been shown to have a lower threshold for forming conditioned taste aversions to 

sucrose (Loney et al., 2012b). The current results may therefore indicate a difference in 

processing of “sweet” rather than a specific sensitivity of SA to some quality of sucralose. 

Alternatively, the differences seen may be accounted for by the fact that the long term testing 

allowed for gut feedback from the nutritive effect of the sweeteners. The effect of sucralose 

preference on the CDP-mediated intake of the caloric tastants sucrose and glucose may be due to 

a role of GABA in food reward.  

Little is understood in terms of what naturally modulates GABA activity in the taste 

system, but reward is a strong candidate. By blocking the systemic effect of midazolam, a 

benzodiazepine, with naltrexone, an opiate antagonist, Richardson et al. (2005) showed that the 

action of GABA is dependent on downstream endogenous opioids. The action of opioids to 

enhance palatability likely occurs in the nucleus accumbens (NAc). Microinjections of opiates in 

this region achieve a similar effect on taste affect in rats as benzodiazepines in other regions 

(Peciña & Berridge, 2005). The areas likely responsible in the NAc are connected to areas of the 

amygdala involved in food reward.   
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A relationship between the effect of GABA and reward might lead to explanations of 

models of taste aversion learning or of sensory specific satiety. In conditioned taste aversion 

(CTA) a taste that is normally appetitive becomes unpalatable when paired with a nauseant. In 

primates, changes in signaling of the secondary taste cortex to specific tastants provide a basis 

for sensory specific satiety (Rolls, 2005). GABA is likely involved in these changes in 

palatability, but it is not clear where. Crucial to any explanation is identifying the role and 

location of GABA in centrally modifying these phenomena. Moving toward this goal, the next 

step is to delineate the pathway through which GABA acts. One possible candidate for where 

GABA might act to achieve these effects is downstream at the parabrachial nucleus (PBN). 

There is evidence that receptors capable of the enhancement of palatability by benzodiazepines 

are in the parabrachial nucleus (PBN) of the pons (Söderpalm & Berridge, 2000). Furthermore, 

lesion studies have shown that the PBN is necessary for forming CTA (Yamamota et al., 1994). 

Future research would need to further isolate the effect of GABA to the PBN. In addition 

to replicating the results of other PBN studies, the hyperphagic effect of systemic 

benzodiazepines would need to be blocked by PBN microinjections of a benzodiazepine 

antagonist. Such a design would underscore the credibility of the PBN as the sole area 

responsible for the role of GABA in palatability.  
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