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TRE1T, D. AND K. C. BERRIDGE. A comparison of benzodiazepine, serotonin, and dopamine agents in the taste-reactivity par- 
adigm. PHARMACOL BIOCHEM BEHAV 37(3) 451--456, 1990.--Previous studies have shown that rats' positive, palatability- 
dependent consummatory reactions to infused tastes are selectively facilitated by a benzodiazepine agonist (chlordiazepoxide), and 
that this effect can be blocked by the coadministration of benzodiazepine antagonists (e.g., Ro 15-1788). The purpose of the present 
study was to determine whether agents acting at other receptor sites (dopaminergic, serotonergic), which have been shown to mod- 
ulate food consumption, might also modify rats' palatability-dependent reactivity to infused tastes. In this experiment, the benzodi- 
azepine agonist, diazepam, facilitated positive palatability reactions, while dopaminergic agents (haloperidol, apomorphine, amphetamine) 
had no significant effects on either positive or aversive reactions. The putative 5-HTIA agonists, buspirone and gepirone, had a gen- 
eral inhibitory action on both positive and aversive palatability reactions. These results are surprising in view of the effects of sero- 
tonergic and dopaminergic agents on food and fluid intake. Our results suggest that the benzodiazepine receptor system may play a 
special role in the neural control of appetite through its enhancement of the positive palatability of tastes. Dopamine systems, by 
contrast, appear to control food intake by modulating processes that are independent of food affect evaluation. 

Taste reactivity Palatability Diazepam Apomorphine Amphetamine Haloperidol Buspirone Gepirone 

IT has been known for some time that anxiolytics such as the 
benzodiazepines facilitate food and fluid intake [for reviews see 
(8, 10, 32)]. Until recently, the functional mechanisms by which 
this facilitation occurs have remained unclear. One problem has 
been that simple intake measures cannot discriminate between two 
of the most probable mechanisms: 1) appetite enhancement, or 2) 
anxiety reduction. Whereas appetite enhancement would increase 
intake directly, by activating systems involved in normal hunger, 
anxiety reduction would increase intake indirectly, by reducing 
"anxiety"  which would compete with, inhibit, or otherwise 
suppress consumption. Simple intake could be affected in a similar 
way by either or both of these mechanisms and therefore is 
inadequate to discriminate between the two mechanisms (32). 

Recent research using the taste reactivity paradigm developed 
by Grill and Norgren (20) has suggested that benzodiazepine-type 
anxiolytics increase food and fluid intake by directly enhancing the 
positive palatability of tastes. In the taste infusion paradigm (20), 
solutions of different taste (e.g., sucrose, quinine) are infused into 
the rat's mouth through intraoral cannulae. The affective, species- 
typical reactions of the rat to these infused tastes (e.g., tongue 
protrusions, passive drips, gapes) can be characterized as hedonic 

(i.e., "posi t ive"  or "ingest ive") ,  neutral, or aversive, and 
correspond closely to rats' normal preference for solutions of these 
tastes (20). More importantly, this profile of taste reactions is 
particularly sensitive to variables that directly affect palatability, 
but is relatively insensitive to variables that control intake by 
altering other processes [e.g., "anxie ty ,"  (5, 6, 25)]. 

In a study that applied this taste-reactivity technique to inges- 
tive psychopharmacology, the prototypical benzodiazepine, chlor- 
diazepoxide, selectively increased hedonic (i.e., "posi t ive")  taste 
reactions while having little or no effect on"neu t ra l "  o r "  aversive" 
reactions to the same tastes (4). This direct enhancement of 
positive palatability by chlordiazepoxide was counteracted by the 
benzodiazepine receptor antagonists Ro 15-1788 and CGS 8216 
(33), and occurred even in chronic mesencephalic decerebrate rats 
(2). These data suggest that specific benzodiazepine receptor 
systems (21) modulate the positive palatability of tastes, and in 
this way directly increase "appeti te ."  

The extent to which agents acting at other receptor systems 
modulate palatability also warrants investigation. There is good 
reason to suspect, for example, that dopaminergic and serotoner- 
gic systems could be involved in the modulation of palatability. 
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Dopaminergic agonists such as apomorphine and amphetamine 
have potent suppressive effects on the food and fluid intake of rats 
at moderate to high doses [e.g., (1, 23, 30)], and at lower doses, 
amphetamine can facilitate intake (15,35). Disruption of dopa- 
minergic transmission, either with neuroleptic drugs or lesions of 
dopamine systems, dramatically reduces food and fluid intake (17, 
18, 28, 31, 34). Disruption of dopamine transmission also 
suppresses reward-related instrumental behavior, so strongly as to 
have been described as producing "anhedonia," or a reduced 
capacity to generate positive hedonic affect in response to food or 
other rewards (36,37). Agents which interact with serotonergic 
systems, such as the putative 5-HTIA agonists buspirone and 
gepirone, have recently been found to facilitate the food intake of 
rats (7, 9, 12-14, 24). 

It is not known, however, whether the effects of dopaminergic 
and serotonergic agents on rats' intake are due to a direct effect on 
palatability, or to side-effects on general activity, arousal, incen- 
tive attribution, or other processes that could affect intake. The 
taste infusion paradigm would allow a more direct assessment of 
the effects of these agents on palatability, in the same way as it 
was used to characterize the direct effect of chlordiazepoxide on 
palatability. In addition to clarifying the possible role of dopa- 
minergic and serotonergic systems in palatability, a comparison of 
benzodiazepine and nonbenzodiazepine agents on palatability 
would further characterize the drug-class specificity of the en- 
hancement of palatability by benzodiazepines. 

METHOD 

Subjects 

Twenty male Sprague-Dawley rats (250-350 g) served as 
subjects. The rats were individually housed throughout the exper- 
iment with free access to food and water. 

Cannulae Implantation 

The rats were anaesthetized with ketamine (100 mg/kg) and 
xylazine (10 mg/kg) and implanted with bilateral, intraoral can- 
nulae according to the procedures described previously (2--4, 20, 
33). Briefly, the cannulae enter the head dorsally, and are 
anchored to the skull with stainless steel screws and acrylic 
cement. They enter the mouth lateral to the first maxillary molar. 
To allow the infusion of taste solutions, fine tubing (PE 10) is 
fitted inside the cannulae. 

Taste Stimuli and Drug Administration 

The taste stimuli were 0.3 M sucrose, 0.03 M sucrose, and 
3 x  10 - 4  M quinine hydrochloride. The two sucrose stimuli 
primarily elicit varying degrees of hedonic taste reactions, while 
the quinine stimulus primarily elicits aversive reactions. 

Each rat received one taste stimulus per day. Each taste was 
presented on two consecutive days: first, with the low dose of a 
drug, second, with the high dose of the same drug. Taste order was 
randomized across these pairs of days. Twenty min before the taste 
infusion, rats were injected intraperitoneally with either saline (0.5 
ml), diazepam (2.5 or 5.0 mg/kg), apomorphine (0.5 or 1.0 
mg/kg), d-amphetamine (0.25 or 1.5 mg/kg), haloperidol (0.5 or 
1.0 mg/kg), buspirone (1.0 or 2.0 mg/kg), or gepirone (1.0 or 3.0 
mg/kg). The order of drug administration was randomized, with 
two exceptions: 1) buspirone and gepirone were administered last 
and in that order, 2) the lower dose of each drug was administered 
first for a particular taste, followed on the next day by the higher 
dose. Saline control trials were repeated 4-5 times for each taste 
over the course of the experiment, and these control data were 

averaged into a single saline score for each rat. All drugs were 
dissolved in sterile saline, except diazepam which was dissolved in 
propylene glycol and ethyl alcohol. Prior to testing, each rat 
received three injections of 5 mg/kg of diazepam over three 
consecutive days in order to minimize any initial sedative effects 
of this drug [cf. (2)]. 

Apparatus 

On each test day, the rat's cannulae were connected to a 
stimulus delivery tube, and the rat was placed in the cylindrical 
Plexiglas test chamber for a 5-min habituation period, Then a 1 ml 
volume of the taste solution was infused into the mouth at a 
constant rate over 1 min. Each rat was habituated to this procedure 
on two consecutive days prior to testing, using distilled water as 
the taste stimulus. The rats' behavior during the 1-min test trials 
was videotaped via a mirror mounted beneath the transparent floor 
of the test chamber. 

Behavioral Measures and Analysis 

The videotaped record for each rat was scored for the occur- 
rence of positive (hedonic) and aversive actions. Strongly hedonic 
actions are paw licking, lateral (nonrhythmic) tongue protrusions, 
and rhythmic tongue protrusions along the midline. Neutral or 
compromise responses are mouth movements or passive drip of 
fluid from the mouth. Strongly aversive actions are gapes (large 
opening of the mandible and retractions of lower lip), chin rubbing 
(lowering mouth to floor and pushing forward), face washing 
(single wipe with the forepaws or a bout of several wipes), 
forelimb flails (shaking of the forelimb with a frequency greater 
than 60 Hz), headshaking (at greater than 60 Hz), paw treading 
(planting forelimbs on the floor and alternating forceful strokes 
forward and back), and rapid locomotion about the chamber [see 
(3, 19, 20) for further details on the classification of these action 
patterns]. 

Videotapes were scored at 1/lo speed by an observer blind to the 
drug condition of the rats. To quantify the number of responses 
emitted, discrete actions such as lateral tongue protrusions, gapes, 
chin rubs, and bouts of face washing, forelimb flailing, head- 
shakes, paw treading, and locomotion were recorded each time 
they occurred. Continuous actions that persist for relatively long 
periods were recorded as follows: paw licks, mouth movements, 
and passive dripping were recorded in 5-sec bins (any occurrence 
of these behaviors up to 5-sec duration was counted as a single 
occurrence). Rhythmic tongue protrusions were scored in the same 
way in 2-sec bins. These data were analyzed with ANOVA 
followed by pair-wise comparisons of means. 

RESULTS 

Positive Hedonic Reactions to Taste 

Hedonic reactions elicited by sucrose and by quinine were 
analyzed in a three-factor ANOVA (taste x drug × dose). As 
might be expected, sucrose and quinine tastes differed markedly in 
eliciting hedonic reactions, F(1,197) = 69.57, p<0.0001. Pharma- 
cological agents proved to be a significant factor in modulating 
hedonic reactivity, F(6,197)= 5.93, p<0.0001,  and there was a 
significant interaction between drug administration and taste 
quality, F(6,197) = 4.57, p<0.001.  Two-factor ANOVAs (drug 
x dose) were performed separately for each taste in order to 
explore this interaction and to allow post hoc comparisons among 
the different pharmacological agents. 

Sucrose in high, F(6,97)= 7.52, p<0.0001,  and low concen- 
trations, F(6,97)=5.46,  p<0.001,  revealed a distinctive pattern 
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FIG. 1. Mean (SEM) number of hedonic reactions to sucrose (0.3 M) after 
low (light bars) or high doses (dark bars) of diazepam (DIAZ), apomor- 
phine (APO), amphetamine (AMP), haloperidol (HAL), or saline (SAL, 
striped bar). 

FIG. 3. Mean (SEM) number of hedonic reactions to 0.3 M sucrose (left 
panel) or 0.03 M sucrose (fight panel) after low (light bars) or high doses 
(dark bars) of buspirone (BUS), gepirone (GEP) or saline (SAL, striped 
bar). 

of drug effects upon hedonic reactivity (Figs. 1 and 2). Diazepam 
increased hedonic reactivity to sucrose above saline baseline levels 
at both the 2.5 and 5.0 mg/kg doses (p<0.05 in each case, LSD 
tests). This hedonic potentiation of sucrose palatability by diaz- 
epam was the only reliable hedonic potentiation produced by any 
of the pharmacological agents. Dopaminergic agents failed to 
modulate sucrose hedonics either upwards or downwards: halo- 
peridol, apomorphine, and amphetamine did not significantly alter 
sucrose hedonics in either direction at any dosage. 

Because buspirone and gepirone were the last drugs adminis- 
tered for each rat, a possibility existed that order effects might 
contaminate any analysis which compared these drugs to saline 
control trials that were run early in the test series. In order to 
control for such order effects, a separate analysis was performed in 
which buspirone and gepirone trials were compared only to 
saline control trials that occurred within the last 5 trials for each rat 
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FIG. 2. Mean (SEM) number of hedonic reactions to sucrose (0.03 M) 
after low (light bars) or high doses (dark bars) of diazepam (DIAZ), 
apomorphine, (APO), amphetamine (AMP), haloperidol (HAL), or saline 
(SAL, striped bar). 

(Fig. 3). This analysis indicated that buspirone and gepirone 
exerted suppressive effects upon hedonic reactivity to sucrose, 
F(2,62) = 3.96, p<0.05.  

In contrast to the hedonic potentiation of sucrose palatability by 
diazepam, hedonic reactivity to bitter quinine remained unaffected 
by diazepam or by any other pharmacological agent, F(6,97)= 
1.8. This contrasts to the hedonic potentiation by chlordiazepoxide 
of a more dilute quinine solution (3 × 10 -5  M) found previously 
(4). The quinine solution used in this study was more concentrated 
by a factor of 10, and was more unpalatable than the quinine 
solution used in the previous study. Overall hedonic reactions to 
quinine naturally were very low in this study compared to sucrose 
(mean= 1.0 compared to sucrose mean= 10.8), suggesting that 
hedonic potentiation by diazepam is less effective when initial 
hedonic levels are relatively low (i.e., hedonic potentiation by 
diazepam is multiplicative rather than additive). 

Aversive Reactions to Taste 

A three-factor ANOVA of aversive reactivity (taste x drug x 
dose) indicated that aversion too was elicited differently by 
sucrose and quinine, as expected, F(1,197) = 48.32, p<0.0001.  
Aversive reactivity to these tastes was modulated by pharmaco- 
logical agents, F(6,197)= 3.81, p<0.01 ,  and there was a signif- 
icant interaction between taste and drug administration, F(6,197) = 
3.66, p<0.01.  

Separate two-factor ANOVAs (drug × dose) for each taste 
stimulus revealed that aversion was modulated pharmacologically 
only when initial levels of aversion exceeded very low levels. 
Highly concentrated sucrose, which elicited very low aversion 
overall (mean = 1.9 aversive reactions), was not affected by drug 
administration, F(6,97)=0.61.  Taste stimuli that elicited moder- 
ate to high levels of aversion overall, however, such as dilute 
sucrose [mean=6.1 aversive reactions; drug effect, F(6,97)= 
8.29, p<0.001] and quinine [mean = 22.4 aversive reactions; drug 
effect, F(6,97) = 3.91, p<0.01] ,  did show modulation of aversion 
by drug administration (Figs. 4 and 5). Post hoc tests showed that 
the diazepam-induced hedonic potentiation of dilute sucrose was 
accompanied by a reciprocal reduction in aversive reactivity 
(p<0.05, LSD test). Diazepam failed to reduce the higher aversive 
reactivity elicited by quinine, however, just as it failed to alter 
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FIG. 4. Mean (SEM) number of aversive reactions to quinine after low 
(light bars) or high (dark bars) doses of diazepam (DIAZ), apomorphine 
(APO), amphetamine (AMP), haloperidol (HAL), or saline (SAL, striped 
bar). 

FIG. 6. Mean number (SEM) of aversive reactions to quinine (left panel) 
or 0.03 M sucrose (fight panel) after low (light bars) or high (dark bars) 
doses of buspirone (BUS), gepirone (GEP), or saline (SAL, striped bars). 

hedonic reactions elicited by quinine. This supports our earlier 
suggestion that the effect of benzodiazepines, even for nonpre- 
ferred stimuli, is chiefly upon the hedonic, rather than the aversive 
limb of palatability. The reduction by diazepam of aversive 
responses emitted to dilute sucrose may simply be a secondary 
consequence of competition from the enhancement of hedonic 
reactions. The dopaminergic antagonist or agonists (haloperidol, 
apomorphine, amphetamine) did not alter aversive reactivity 
significantly for any taste, just as these agents failed to modulate 
hedonic reactivity. 

The effects of buspirone and gepirone upon aversive reactivity 
were compared to saline control levels in a separate analysis, as 
was done for hedonic reactivity (Fig. 6). These serotonergic agents 
exerted a suppressive effect upon aversion, F(2,62)=4.47, 
p<0.02, which interacted with taste quality, F(2,62)=4.61, 
p<0.02. This effect and interaction mirrored those found for 
hedonic reactivity: the moderate to high levels of aversion elicited 
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FIG. 5. Mean (SEM) number of aversive reactions to sucrose (0.03 M) 
after low (light bars) or high (dark bars) doses of diazepam (DIAZ), 
apomorphine (APO), amphetamine (AMP), haloperidol (HAL), or saline 
(SAL, striped bar). 

by dilute sucrose or quinine were suppressed by buspirone and 
gepirone (p<0.05 each, LSD tests), whereas the lower level of 
aversion elicited by highly concentrated sucrose was unaffected by 
these drugs. 

DISCUSSION 

The results of the present study suggest that a drug-induced 
enhancement of positive palatability may be a distinctive effect of 
benzodiazepine-type anxiolytics. Whereas diazepam amplified 
taste-elicited hedonic reactions, apomorphine, amphetamine, and 
haloperidol did not significantly change hedonic reactions in either 
direction, and buspirone and gepirone exerted only suppressive 
effects. 

One of the most striking aspects of these results was the failure 
of dopaminergic agents to exert an effect upon either positive or 
aversive reactions. This failure stands in marked contrast to the 
well-documented capacity of these agents to control food intake 
and behavior on instrumental measures of reward. Disruption of 
dopaminergic transmission produced by either neuroleptic drugs or 
6-hydroxydopamine brain lesions potently suppresses food intake 
(28,34). Amphetamine, which stimulates dopaminergic systems, 
has been reported to stimulate feeding at low doses (15,35), 
whereas both apomorphine and higher doses of amphetamine have 
been shown to suppress intake (1,23). Furthermore, dopamine 
systems have been indicated to play a crucial role in mediating 
behavioral effects of rewards ranging from food to electrical brain 
stimulation: dopamine antagonists can suppress instrumental re- 
sponding for many types of rewards (16, 37, 38). Yet neither 
hedonic nor aversive reactions to tastes were changed reliably by 
these agents at any of the doses used in this study. The role of 
dopaminergic systems in appetite and reward appears to operate 
independently of basic taste affect, and may not involve a direct 
modulation of hedonic processes. 

The implication that dopaminergic agents influence feeding 
and reward by acting upon a psychological process that is 
separable from basic affect is consistent with other evidence 
regarding dopamine systems and taste reactivity. The aphagia that 
follows the depletion of nigrostriatal dopamine projections by 
6-OHDA, for example, can occur without a concomitant change in 
hedonic or aversive reactivity, suggesting that basic affect remains 
undiminished (6). Conversely, the elicitation of stimulation-bound 
feeding by electrical stimulation of the lateral hypothalamus, 
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which is thought to involve dopamine projections (22, 26, 27, 
29), occurs without an enhancement of taste hedonics (5). The 
stimulation or suppression of feeding by electrical brain stimula- 
tion, lesion, or pharmacological manipulation of brain dopamine 
systems, in other words, is accomplished via a psychological pro- 
cess that is separable from either food hedonics or aversion. This 
process may be a component of both natural appetite and reward, 
but is "downstream" from the basic affect generated by an en- 
counter with rewarding or aversive stimuli (5). 

Another surprising aspect of the present results was the fail- 
ure of putative 5-HT~A agonists to facilitate hedonic reactions: in 
contrast to diazepam, neither buspirone nor gepirone enhanced 
taste-elicited ingestive reactions. This is particularly noteworthy 
in view of the fact that buspirone, gepirone, and closely related 
5-HT~A agonists such as 8-OH-DPAT have been shown to en- 
hance feeding in rats (7, 9, 12-14, 24). Thus, the drug-class 
specificity of the facilitation of hedonic taste reactivity apparently 
applies even within the class of clinical anxiolytics, separating 
benzodiazepine (e.g., diazepam) from nonbenzodiazepine anxi- 
olytics (e.g., buspirone). The enhancement of positive palatabil- 
ity reactions by benzodiazepine agonists might be a unique drug 
effect not shared by compounds acting at other receptor sites. 

It could be argued, however, that the failure to f'md significant 
enhancement of ingestive reactions by buspirone or gepirone was 
due to methodological limitations. For example, the dose, route 
of administration, or injection-test interval may not have been 
optimal to detect an enhancing effect of these agents on positive 
palatability. Be this as it may, the drug parameters used in the 
present study were not entirely dissimilar to those found effective 
in other studies [cf. (7,24)]. Another possibility is that the failure 
was due to an order effect, since buspirone and gepirone were 
tested last in an otherwise randomized series of drug trials. How- 
ever, the separate analysis of the last 5 drug trials, which in- 
cluded these two agents, makes this interpretation unlikely. 

Compared to taste reactivity seen under the saline control condi- 
tion, buspirone and gepirone appeared to suppress taste reactivity 
in general. Whether or not this suppression is specifically due to 
an action at 5-HTIA receptor sites must await further studies which 
use more selective 5-HTxA agonists such as 8-OH-DPAT. 

The special sensitivity of ingestive actions to diazepam sup- 
ports our earlier suggestion that benzodiazepines promote feeding 
in part by selectively amplifying the perceived positive or he- 
donic palatability of foods rather than by suppressing the negative 
palatability of foods (4,33). The observation that this effect of 
diazepam did not extend to 3 × 10-4 M quinine, a highly nonpre- 
ferred taste, suggests that this effect does not simply " a d d "  he- 
donic palatability to a taste; instead, a minimum initial level of 
hedonic palatability appears to be required, which is then ampli- 
fied by benzodiazepines. 

In summary, drug-induced enhancement of positive palatabil- 
ity may be unique to benzodiazepine-type anxiolytics. Although 
more systematic study of the effects of 5-HTIA agonists on taste 
reactivity is needed, at present the results with buspirone and 
gepirone do not suggest that this receptor system is strongly 
involved in the modulation of positive palatability. Similarly, 
DA agonists and antagonists do not appear to systematically 
affect palatability. Thus, the benzodiazepine receptor complex 
appears to play a special role in neural control of appetite 
through its modulation of the positive palatability of tastes [cf. (2, 
4, 11, 33)]. 
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