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Abstract 

Theories on a range of subjects (e.g., alcoholism, specific hungers) are 

based, in part, on experiments involving drug-induced changes in eating 

or drinking. In many cases, however, these drug-induced changes appear to 

be caused by taste aversion conditioning. The occurrence of unplanned 

taste aversions is suggested by long term selective decreases in ethanol 

drinking produced by the drug, pCPA (para-chlorophenylalanine): at present, 

all existing evidence suggests that pCPA-induced reductions in ethanol 

drinking are taste aversions. This demonstration of unplanned taste aversion 

forces a re-evaluation of a theory of alcoholism based on pCPA-ethanol studies, 

and supports suggestions that other areas of research are contaminated by 

taste aversion conditioning. Implications of unplanned taste aversions 

are discussed, and suggestions are offered for future research. 



Taste aversion conditioning, a crucial process to learning theorists, 

has recently attained a second, unforseen type of importance: suggestions 

have been made that broad classes of drug-behavior research are contaminated 

by taste aversion conditioning. In this paper, one of these suggestions is 

evaluated, and problems caused by adventitious taste aversions are discussed. 

Emphasis is on taste aversion conditioning as an explanatory principle; 

taste aversion is defined and described (viz., in section entitled "Taste 

Aversion Conditioning") only to facilitate explanation. 

Because of this emphasis and because intended readers may be unfamiliar 

with taste av~rsion conditioning, areas of agreement are stressed and areas 

of controversy avoided. The taste aversion literature contains over 400 

sources (Riley & Baril, 1976). Behavioral scientists, who are solely con

cerned with taste aversion as a contaminant of research, are unlikely to 

have the time to read a literature of this size. In the following pages, 

implications of taste aversion experiments are discussed. 

Planned Taste Aversions 

Taste aversion conditioning has been widely studied particularly during 

the last-decade. Taste aversion experiments have provided material for a 

number of major reviews (Garcia & Ervin, 1968; Garcia, Hankins, & Rusiniak, 

1974; McFarland, 1973; Rozin & Kalat, 1971). 

In a number of respects, these studies and reviews have established the 

generality of taste aversion conditioning. Riley and Baril list more than 

60 cs
1

, more than 90 UCS
2

, and more than 10 species. Nonetheless, in one 

respect the generality of taste aversion conditioning has not been widely 

appreciated. Comparatively, little attention has been paid to the range of 

conditions under which taste aversion can occur. A common view is that 

taste aversions occur when an animal ingests a novel substance and is then 
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made very ill. If this view is correct, taste aversions are unlikely to 

occur in drug-behavior research. In most drug-behavior experiments, the 

ingested substance is familiar and the drug does not produce observable ill-

ness. 

Unplanned Taste Aversions 

If taste aversion conditioning is more than a sharply restricted phenome-

non, it must occur in situations other than taste aversion experiments. Table 

1 lists areas of literature, other than taste aversion experiments, where 

changes in behavior have been attributed to taste aversion conditioning. 

The most widely studied area of unplanned taste aversion conditioning is 

the specific hungers literature. Agreement exists that some of the changes 

in behavior initially attributed to specific hungers (e.g., specific hunger 

for thiamine) were actually caused by taste aversion conditioning (McFarland, 

1973; Rozin, 1967; Rozin & Kalat, 1971). 

Additionally, recent evidence suggests that unplanned taste aversions 

3 
have also occurred in drug-ethanol experiments (Holman, aoyland, & Shillito, 

1975; Nachman, Lester & Le Magnen, 1970; Opitz, 1972; Parker & Radow, 1976). 

Although an inspection of results suggests that unplanned taste aversions 

have occurred in all areas of drug-ethanol research, interest has focused 

on pCPA-ethanol experiments. Here, existing evidence suggests that pCPA-

-induced decreases in ethanol drinking were, at least in part, caused by 

taste aversion conditioning. These unplanned taste aversions provide support 

for the view that taste aversion conditioning is a factor in psychopharmacolog-

ical research. Additionally, developments in this area illustrate problems 

caused by failure to recognize and control variables involved in taste aversion 

conditioning. Therefore, the series of pCPA-ethanol studies will be discussed 
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Table 1 

Changes in Behavior Attributed to Taste Aversion Conditioning 

Area of the literature 

Poisoning of rats 

Specific hungers 

Effects of drugs on ethanol 
drinking 

Effects of diabetes on 
saccharin drinking 

Effects of formalin on 
sodium appetite 

Effects of hormones on 
eating 

Effects of drugs on learning 

Psychopharmacological studies 
using !:19-THC 

Chemical aversion treatment 
of alcoholics 

References 

Rzoska, 1953; Rozin and Kalat, 1971 

Rozin, 1967; McFarland, 1973 

Myers and Veale, 1968; Nachman et al., 
1970 

Kakolewski and Valenstein, 1969; 
Brookshire, 1974a; Brookshire, 1974b 

Krieckhaus and Wolf, 1968; Woods, 
Weisinger, and Wald, 1971 

King and Cox, 1976 

Berger, 1972; Booth and Simson, 1973 

Elsmore and Fletcher, 1972; Cappell et 
al., 1973 

Lemere and Voegtlin, 1950; Elkins, 1974a 

Note: The references in Table 1 either include experiments in which 
unplanned taste aversions may have occurred, or discuss the possibility 
that unplanned taste aversions have occurred. It should not be assumed, 
however, that all references favor the occurrence of unplanned taste aversions. 
For example, Brookshire (1974a, 1974b} presents data that suggests that 
alloxan-induced decreases in saccharin drinking are not entirely caused by 
taste aversion conditioning. 

in depth. Before discussing these studies, however, it is necessary to discuss 

taste aversion conditioning. 

Taste Aversion Conditioning 

Defining Characteristics 

A conditioned taste aversion is a reduction in the amount of a 

substance consumed following a pairing of the substance with a consequence 
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(i.e., UCS). The major types of consequences are drugs and radiation. 

As the definition implies, conditioned taste aversions are caused by the pairing 

between the substance (i.e., CS) and the consequence. Taste aversion experi

ments usually include a group administered the UCS alone to provide an assess

ment of the effects of the UCS not dependent on the pairing. 

Taste aversion conditioning should only be used to describe changes in 

behavior after four defining requirements have been met. 

CS requirement. A stimulus that can be tasted or smelled must have been 

presented to the organism {Garcia & Koelling, 1966; Martin & Ellinwood, 1974; 

Smith & Balagura, 1969). A possible exception exists when birds are used as 

subjects: for birds, visual stimuli may be adequate conditioned stimuli. 

UCS requirement. Taste aversion conditioning should only be invoked 

when an adequate ucs·has been presented. Riley and Baril's UCS list includes 

histidine-free diets, thiamine deficiency and rotaional stimulation. Doses 

of drugs that have been self-administered in other situations can also 

condition taste aversion (Cappell & LeBlanc, 1973; Wise et al., 1976). 

Therefore, this requirement is easily met. 

Pairing requirement. Taste aversion conditioning should only be 

invoked when a pairing has occurred between the CS and UCS. The need for 

this requirement is demonstrated by the controls used in a taste aversion 

experiment. Three groups are included in these studies: {a) a control 

group administered the UCS alone, (b) a control group provided the CS 

but not the ucs, (c) a group provided with a cs-ucs pairing. The presenta

tion of the UCS alone provides an assessment of the effects of the UCS not 

dependent on the pairing. 

Future reduction requirement. A reduction in the consumption of the 

cs must occur following the cs-ucs pairing (i.e., in the future). An 
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extremely important feature of conditioned taste aversions is that future 

reductions often persist for long periods of time during extinction (i.e., 

following the cs-ucs pairing). For example, Elkins (1974b) reported that 

60 days free access to saccharin with water also freely available, did not 

extinguish a taste aversion conditioned by a single saccharin-cyclophos

phamide (12.5 mg/kg) pairing. This slow extinction suggests that taste 

aversion conditioning could have producedthe long term post-drug reductions 

in ethanol drinking (e.g., Veale & Meyers, 1970-91 days} observed in drug

ethanol studies. 

Non-defining Characteristics: Variables Determining the Extent of Taste 

Aversion Conditioning 

Although other variables also control the extent of taste aversion 

conditioning, five are discussed in this section. Subsequently, respon

siveness to these variables is used to determine if pCPA-induced reductions 

in ethanol drinking are taste aversions. These variables include: (a) prior 

exposure to the UCS, (b) prior exposure to the CS (i.e., novelty}, (c) number 

of cs-ucs pairings, (d) magnitude of the ucs, (e) temporal relationship 

of the .. CLan.d ucs . 

Prior exposure to the UCS. Presenting the UCS alone (i.e., the drug 

or radiation), before pairing it with the CS, can attenuate taste aversion 

conditioning {Berman & Cannon, 1974; Cannon, Baker, Berman, & Atkinson,l975; 

Cappel! & Le Blanc, 1975; Elkins, l974b; Goudie & Thornton, 1975; Goudie, 

Thornton, & Wheeler, 1976; Le Blanc & Cappel!, 1974; Revusky & Taukulis, 

1975; Riley, Jacobs, & Lo Lordo, 1976). Often, this attenuation can be 

attributed to tolerance occurring at a lower level of analysis (e.g., 

metabolic tolerance, cellular tolerance, homeostatic tolerance). There are 

reports, however, of attenuation occurring in the absence of observable 
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to~erance at lower levels of analysis (Bravemen, 1975; Cannon et al., 1975; 

Cappell, Le Blanc, & Herling, 1975) Cannon et al. explain attenuation in the 

absence of evidence for tolerance at lower levels of analysis as a condition-
/ 

ing phenomenon: 

a function of the differential probability of the UCS 

following the presence or absence of the cs •.• For animals 

given a preconditioning ucs ... the occurrence of the illness 

is treated as not much more probable following the CS than 

it is at other times (p. 282). 

Prior exposure to the CS. Novelty of the flavored substance (i.e., CS) 

is a second variable (Revusky & Bedarf, 1967; Rozin & Kalat, 1971; Wittlin 

& Bookshire, 1968). There have been few attempts to condition taste aversions 

after more than 30 exposures to the CS. It is not known if unlimited prior 

exposure to the CS could entirely eliminate taste aversion conditioning. There 

are indications, however, that familiarity alone can not eliminate taste aver-

sion conditioning. For example, Elkins (1974a) conditioned taste aversions 

to tap water after 70 days of prior exposure. 

Number of cs-ucs pairings. Multiple cs-ucs pairings have been reported 

to: (a) override prior exposure to the CS (Elkins, 1974a; Fenwick, Mikulka, 

& Klein, 1975; Jacquet, 1973), (b) override prior exposure to the ucs (Berman 

& Cannon, 1974; Cappell & LeBlanc, 1975; LeBlanc & Cappell, 1974}, (c) 

increase taste aversion when small amounts of the drug serve as the UCS 

(Cappell & Le Blanc, 1973; Cappell, Le Blanc, & Endrenyi, 1973; Eckardt, 

Skurdal, & Brown, 1974; Le Blanc & Cappell, 1974), and (d) reverse an initial 

flavor preference .(Woods, 1971). 

Magnitude of the UCS. Under some conditions, the extent of taste 

aversion conditioning is directly related to the amount of drug administered 

(Berger, 1972; Berman & Cannon, 1974; Cappell et al., 1973; LeBlanc & 
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& Cappell, 1974, 1975; Revusky & Garry, 1973). There are indications that 

taste aversions can be conditioned by doses of drugs that are self-administered 

(Cappell & Le Blanc, 1973; Pickens & Harris, 1968; Wise et al, 1976) or 

experimenter administered in psychopharmacological research (Cappell et al., 

1973). 

Temporal relationship of the CS and UCS. The time of administration 

of the UCS is a crucial variable. Taste aversions can be conditioned when 

the ucs is presented prior to the cs (Barker & Smith, 1974; Barker, Suarez, 

& Grey, 1974; Berger, 1972; Boland, 1973; Brookshire, 1974b). There are 

few reports, however, of taste aversions being conditioned when a drug 

{i.e., UCS) was administered more than 60 minutes prior to the consumption 

of a flavored substance. Taste aversion conditioning can occur over much 

longer delays when the CS is presented prior to the UCS (e.g., 7 hours, 

Revusky, 1968). 

Taste Aversion Conditioning in PCPA-Ethanol Experiments 

In this sect.ion, def:ining and non-defining c:1aracteristics of taste 

aversion conditioning are used to assess pCPA-induced reductions in ethanol 

drinking. The possibility that these reductions are conditioned taste 

aversions is analyzed from three perspectives: (a) the design used to 

examine the effects of pCPA on ethanol drinking, (b) experiments that 

evaluate the role of taste aversion conditioning in pCPA-ethanol research, 

(c) results of pCPA-ethanol studies. 

Experiments in which pCPA has been administered to animals drinking 

ethanol have had either of two goals: 

1. PCPA reduces CNS and peripheral levels of serotonin (Koe & Weiss

man, 1966). Additionally, pCPA reduces CNS levels of 5-HIAA, the principal 
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metabolite of serotonin (Koe and Weissman, 1966). These reductions in 

5-HIAA levels suggest that pCPA reduces the amount of serotonin available 

at CNS serotonergic receptors. One goal of pCPA-ethanol studies has been 

to link changes in ethanol drinking to depletion of serotonin in the CNS 

(Cicero & Hill, 1970; Frey, Magnussen, & Nielsen, 1970; Geller, 1973; Hill 

& Goldstein, 1974; Myers, 1972; Myers & Martin, 1972; Myers & Tytell, 1972; 

Myers & Veale, 1968; Sanders, Collins, & Wesley, 1976; Veale & Myers, 1970). 

These studies are summarized in Table 2. 

2. Four studies, discussed in the section entitled "PCPA-Ethanol 

Taste Aversion Experiments," have attempted to determine the range of 

situations in which pCPA can condition taste aversions to ethanol (Holman, 

Hoyland, & Shillito, 1975; Nachman, Lester, & Le Magnen, 1970; Opitz, 1972; 

Parker & Radow, 1976). 

Table 2 

Effects of pCPA (UCS) on Ethanol Drinking 

Independent Variables Dependent Variables Ref. 

Dose Design Prior cs Prior ucs Number of Ethanol Intake 
mg/kg -- ·- Exposure exposure Pairings During Post-

ucs ucs 

Simple exposure to ethanol 

300 A-P 11 days 0 11 SD D- Myers & 

so days Veale, 1968 

300 A-P 11 days 0 11 SD D- Veale & 

91 days Myers 

300 A-P 77 days 0 11 SD D- Veale & 

12 days Myers 

300 A-P 14 days 0 15 so NS Frey et al., 

200 A-P 6 days 4 6 Da NS Cicero & Hill 
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Table 2 Continued 

200 A-P 6 days 4 6 
b 

Cicero & Hill NC NS 

75- A-P 70 days 0 11-27 I NC Geller 
200 

316 A-P 6 days 3 6 NC NC Hill & Goldstein 

250, p 11 days 0 8 NC NC Sanders et al., 
300 

316 A-P 8 days 1 1 or 2 NC NC Holman et al. , 

Exposure to a flavored ethanol solution 

300 A-P 20 days 0 10 SO so- Myers & Tytell, 
11 days 

Exposure to ethanol combined with intra-ventricular infusions 

300 A-PC 22 days 0 5 SO so- Myers et al., 
11 days 

300 A-P 
d 

22 days 0 5 NC NC Myers et al. 

300 A-P 
e 

22 days 0 5 I I Myers et al., 

Exposure to ethanol and presentation of unavoidable shocks 

116, p 64 days 0 5 0 0- Myers & Tytell, 
300 5 days 

300 A-P 17 days 0 10 NC so- Myers & Cicero, 
53 days 1969 

316 A-P 6 days 3 6 I so- Hill & Goldstein, 
36 days 

Note: Abbreviations include: A-P, ascending-preference (i.e., the design used 
by Myers and Veale); CS, conditioned stimulus (i.e., ethanol); 0, decrease; I, 
increase; NC, no change; NS, not stated; P, preference (similar to the design 
used by Myers and Veale except that the concentration of the ethanol solution is 
held constant); Ref., reference; SO, significant decrease; SI, significant 
increase; UCS, unconditioned stimulus (i.e., pCPA). 

a 
Ethanol solutions were prepared from absolute ethanol. 

b 
Ethanol solutions were prepared from 95% ~thanol. 
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cithanol, acetaldehyde, or SHTOL solutions were infused into the cerebral 
ventricles during the ascending-preference series. 

d Paraldehyde infused rats. 

eSHTP infused rats. 

Role of Serotonin in Ethanol Self-Administration 

In the first pCPA-ethanol experiment, Myers and Veale (1968) attempted 

to link a change in ethanol drinking to a change in serotonin metabolism. 

The design and the results of this experiment are typical of studies pur-

suing this goal. Therefore, the Myers and Veale experiment is discussed 

at length. 

In 1968, Myers and Veale published the first of what was to become a 

series of experiments on the role of serotonin in ethanol drinking. There were 

a number of justifications for this research. Earlier investigations 

had indicated that repeated infusion of small amounts of ethanol into the 

cerebral ventriclEB increased ethanol drinking. This led Myers and Veale 

(1968) to suggest: 

metabolic systems, in the limbic-forebrain 

structures lining the ventricles, are directly 

affected by the presence of alcohol, and the 

biochemical state of these systems may under-

lie aberrant drinking patterns observed in the 

chronic alcoholic. (p. 1469) 

A second justification was the discovery of a new pharmacological 

tool,pCPA. Koe and Weissman (1966) found that pCPA produced a long 

lasting depletion of serotonin in the central nervous system. This depletion 

of serotonin occurred without concommittant changes in two other systems of 

neurotransmitters. 
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Myers and Veale reasoned that pCPA could be used to examine the role 

played by serotonergic neurons -of the limbic forebrain in ethanol drinking. 

To accomplish this, Long-Evans rats were initially placed in cages where 

food and water were freely available. The experiment began when a gradually 

increasing series of ethanol solutions was made freely available over an 

11 day period. Each concentration was available for 1 day; the concentra

tion of the ethanol solution was increased daily. Food and water were also 

freely available during this, as well as all other periods of ethanol 

availability. 

The rats were exposed to a second series of ethanol solutions beginning 

1 day after the completion of the first. During the second series, the 

rats were administered pCPA (300 mg/kg/day) or saline intragastrically. 

Rats administered pCPA, consumed less ethanol during the second series than 

during the first. Food and water intake were not reported during this series. 

A third series was begun 1 day after the second, pCPA was·not adminstered 

during the third series. Ethanol drinking was even lower during this series. 

Reductions in serotonin levels persist for nearly two weeks after termination 

of pCPA treatment (Koe & Weissman, 1966). Reductions in ethanol drinking 

during the third series may have been caused by long term depletion of 

serotonin. 

Myers and Veale conducted an additional series with the same rats one 

month after termination of pCPA. Serotonin should have returned to control 

levels by this time (Koe and Weissmsn, 1966). Therefore, it was even 

more surprising that ethanol drinking remained depressed during this series, 

40-50 days after termination of pCPA. Conditioned taste aversions, however~ 

have been reported to persist for even longer periods during extinction 

(Elkins, 1974b). 
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Additionally, the defining requirements of taste aversion conditioning 

were met: 

1. Ethanol can be tasted and smelled, and therefore represents a 

potential CS. 

2. PCPA represents a potential UCS. 

3. PCPA was administered during periods of access to ethanol and 

therefore was paired with ethanol. 

4. Reductions in ethanol drinking were observed following pCPA-

ethanol pairings. 

Myers ~ld Veale noted the lack of correlation between reductions in 

ethanol drinking and depletion of serotonin, and commented that, "an 

entirely different biochemical system" (Myers & Veale, 1968, p. 1470) was 

involved in post-pCPA reductions in ethanol drinking. Subsequent develop-

ments (i.e., research on pCPA-induced taste aversions) have made this a 

prophetic remark. 

Temporal relationship of the cs and the UCS. The rats in Myers and 

Veale's experiment were allowed free access to ethanol. The temporal 

relations between ethanol drinking (i.e.,· the presentation of the CS) and 

pCPA administration (i.e., presentation of the UCS} are crucial in determining 

the extent of taste aversion conditioning. It is difficult with most UCS, 

excluding radiation, to condition taste aversions when the UCS precedes 

the CS by more than 1-hr. Taste aversions can occur with much longer 

temporal delays (e.g., 6-hr) when the UCS is presented after the cs. Since 

Myers and Veale did not control the time of ethanol drinking, it is likely 

that the broad temporal requirements for taste aversion were met. 

Amount of prior e.xposure to the CS. Myers and Veale did not report 

changing the food or liquid (i.e., water) available, when ethanol was first 
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presented to. the rats. It is likely that food and water were much more 

familiar than ethanol, at the time of pCPA administration. Myers and Veale 

observed selective reductions in ethanol drinking during post-pCPA series: 

taste aversions can occur selectively to novel tastes (Revusky & Bedarf, 

1967; Wittlin & Brookshire, 1968). 

Additionally, Myers and Veale allowed only ll days exposure to ethanol 

prior to ethanol-pCPA pairings. Taste aversions have been conditioned 

after much greater amounts of prior exposure (Elkins, l974a; Fenwick, 

Mikulka, & Klein, 1975; Revusky & Taukulis, 1975). 

Magnitude of the UCS. Under some conditions, taste aversion condition-

ing is directly related to the magnitude of the UCS (i.e., dose of the 

drug). The amounts of pCPA (300 mg/kg/day) administered by Myers and Veale 

are sufficient to condition taste aversions. Nachman, Lester, and Le Magnen 

(1970) conditioned taste aversions to ethanol (CS) following a single 

administration of pCPA (200 mg/kg). Panksepp and Nance (1974} reported 

that daily administration of pCPA (100 mg/kg} produced a 25-50% reduction in 

food consumption and a 75% reduction in water intake. The amounts of 

pCPA administered by Myers and Veale (300 mg/kg/day) could be expected to 

produce even more profound disruptions: again, this suggests that the 

magnitude of the UCS in the Myers and Veale experiment was sufficient to 

condition taste aversions. 

Number of cs-ucs pairings. Under some conditions, taste aversion 

varies directly with the number of CS-UCS pairings. Myers and Veale 

administered pCPA daily for 11 days. It is possible that as many as 11 

cs-ucs pairings may have occurred. Many studies have reported conditioning 

aversions with a single cs-ucs pairings {e.g., Nachman et al., 1970; Opitz, 

1972}. Elkins (1974a} reported conditioning taste aversions to a very 
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familiar substance (i.e., tap water) with only 9 pairings. The 11 pairings 

provided by Myers and Veale favor the development of taste aversions. 

Summary. Consideration of variables controlling the extent of taste 

aversion conditioning suggests that the reductions in ethanol drinking 

observed by Myers and Veale were taste aversions. Taste aversions have 

occurred to flavors far more familiar than the potential CS (i.e., ethanol}. 

The time of ethanol drinking was not controlled and suitable temporal 

relations for taste aversion conditioning could easily have existed. 

As stated earlier, all other studies, attempting to link a change in 

ethanol dri~~ing to a change in serotonin metabolism, used designs similar 

to Myers and Veale's: in general, these studies observed similar results. 

Post-drug (i.e., UCS) reduction in cs (i.e., ethanol) consumption is one of 

the defining characteristics of taste aversion conditioning: when pCPA 

decreased ethanol drinking, and post-pCPA ethanol drinking was reported, 

ethanol drinking remained decreased without exception. 

PCPA-Ethanol Taste Aversion Experiments 

Four experiments have assessed the role of taste aversion conditioning 

in pCPA-induced reductions in ethanol drinking. These studies have estab-

lished that pCPA can condition taste aversions to ethanol. Additionally, 

these studies have established that the ability of pCPA to reduce ethanol 

drinking, under conditions existing in the Myers and Veale experiment, 

can be altered by manipulating variables involved in taste aversion condi-

tioning. 

Nachman 1 Lester 1 and Le Magnen (1970} . Nachman et al. were the first 

to intentionally condition taste aversions to ethanol {CS) using-pCPA (UCS). 

Nachman et al. used a design commonly employed to condition and study taste 

aversions. Wistar rats' access to fluids was restricted to daily 10 min 
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drinking tests for 4 days. On the fifth day, either ethanol (CS) or saccharin 

(CS), rather than water was available for 10 minutes. PCPA (200 mg/kg)or 

saline was administered 5 minutes after the session. The restriction of 

fluid access continued, and water drinking tests were conducted on days 

6 and 7. On. oay 8, however, ethanol was again available to rats consuming 

ethanol on day 5: saccharin was again available to rats consuming saccharin 

on day 5. Rats administered pCPA (UCS) after consuming ethanol or saccharin 

on day 5, consumed less of the flavored solution on day 8. The reduced 

saccharin consumption on day 8, demonstrated that the reductions were not 

specific to ethanol. 

Nachman et al. demonstrated that the reductions observed on day 8 

were dependent on the pairing between ethanol or saccharin, and pCPA. 

Two groups of rats were injected with pCPA on day 5 but were not provided 

drinking tests. The amount of ethanol or saccharin consumed by these rats 

on day 8 did not differ significantly from other ethanol or saccharin groups 

respectively, prior to pCPA administration. 

Nachman et al. described the reductions as "nonspecific learned aversions" 

(p. 1245) and commented: 

In studies on the influence of a drug on ethanol intake, 

the ethanol intake has usually been measured before, dur

ing and after drug administration. However, the finding 

of reduced selection of ethanol during or after drug 

administration may be mistakenly interpreted to be a 

result of a specific interaction of the drug with ethanol. 

A major difficulty of this interpretation is that rats 

readily learn to avoid ingesting any distinctive substance 

that has been associated with toxic effects, and if a 
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rat becomes progressively sicker while ingesting a parti

cular dietary substance, the rat will develop a strong 

aversion to that substance. Because the rat learns 

food aversions associated with toxic effects, it may be 

that drugs that have been shown to result in decreased 

ethanol intake actually produced a nonspecific aversion 

to ethanol because ethanol intake was associated with the 

unpleasant effects of the drug. (p. 1245) 

The demonstration that pCPA can condition taste aversions to ethanol 

does n'Ot mean that the reductions observed by Myers and Veale were taste 

aversions. The Nachman et al. experiment was designed to condition taste 

aversions. The rats were not given prior exposure to ethanol. In contrast, 

Myers and Veale's rats were given 11 days prior exposure. Nachman et al. 

controlled the temporal relationship of pCPA and ethanol to facilitate 

taste aversion conditioning: Myers and Veale did not control the temporal 

relations and they may have deviated from those required for taste aversion 

conditioning. Nonetheless, the Nachman et al. results suggest that Myers 

and Veale's reductions were taste aversions. 

Opitz (1972). Opitz repeated the Nachman et al. experiment and obtained 

identical results. 

- Holman, Hoyland, and Shillito (1975). Holman et aL used the same 

design as Myers and Veale except that pCPA was administered alone 2 days 

prior to being paired with ethanol. Prior exposure to the UCS attenuates 

taste aversion conditioning. 

Holman et al. obtained baseline levels of ethanol (3-30% V/V) and 

water intake over an 8 day period. Ethanol, food, and water were freely 

available during this period. After the initial 8 day period, ethanol was 
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removed, and only food and water were available for the next 3 days. On 

the second day of the no ethanol period, pCPA (316 mg/kg) or saline was 

administered IP. A second 8 day series was initiated after the end of the 

no ethanol period. During the second series, rats were again administered 

pCPA (100 mg/kg once or 316 mg/kg twice) or saline. PCPA-rats consumed 

slightly more ethanol during the second series than did saline-rats. Holman 

et al. had determined earlier that the larger doses of pCPA {316 mg/kg x 3) 

lowered rats' CNS serotonin levels to the same degree expected after the 

amount of pCPA administered by Myers and Veale. This suggests that differences 

in results between the two experiments were not caused by differences in 

serotonin depletion. 

The Holman et al. experiment differed from the Myers and Veale experi

ment in respect to two variables involved in taste aversion conditioning, 

both differences favored the development of taste aversions in the Myers 

and Veale experiment. 

One difference was the number of pairings {i.e., ethanol-pCPA pairings). 

Taste aversion has been found to vary directly with the number of pairings. 

Holman et-al. provided only two pairL~gs, Myers and Veale provided 11. This 

difference made taste aversion more probable in the Myers and Veale experi

ment. 

A second variable was prior exposure to the UCS (i.e., pCPA). Holman 

et al. administered pCPA 2 days prior to pairing it with ethanol, whereas 

Myers and Veale did not administer pCPA before pairing it with ethanol. 

This favored the development of taste aversions in the Myers and Veale 

experiment. 

Holman et al. discussed their results in terms of taste aversion condi

tioning and explained the reductions observed by Myers and Veale as, "the 
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'conditioned aversion' that occurs when an unpleasant stimulus becomes 

associated with a rewarding condition." (p. 303) 

Parker and Radow (1976). Parker and Radow used the same design as 

Myers and Veale except that a saccharin solution (0.23% W/V) was substituted 

for ethanol. Baseline levels of saccharin or water drinking were obtained 

during an initial 11 day period. Saccharin, water, and food were freely 

available .throughout this period. PCPA (300 mgjkg/day) or saline was injected 

during a second 11 day preference test. During the second test, rats admin-

istered pCPA consumed a smaller percentage of the saccharin solution than 

was consumed by control rats. 

A third preference test, which was conducted without pCPA, was 

initiated 1 day after the end of the second. PCPA-rats consumed less 

saccharin during the first 4 days of the third test. Parker and Radow 

did not include a control group administered pCPA without access to saccharin: 

therefore, it is not certain that the reductions observed dUring the third 

series were dependent on pCPA-saccharin pairing (i.e., caused by taste 

aversion conditioning). Nonetheless, these results suggest that the 

reductions observed by Myers and Veale were non-specific taste aversions. 

A second Parker and Radow experiment replicated the Myers and Veale 

experiment except that the taste of ethanol was not paired with pCPA. Ethanol 

was unavailable during the 11 day period of pCPA administration and during 

the 16 day period following termination of pCPA treatment. Baseline 

levels of ethanol and water intake by pCPA-naive rats were obtained over 

an 11 day period. Ethanol was removed from the home cages at the end of 

the baseline period. An 11 day period of pCPA treatment began 1 day after 

the removal of ethanol. Drug treatment included: (a) pCPA (300 mg/kg/day), 

(b) pCPA (300 mg/kg/day) +ethanol (4g/kg/day IP), (c) ethanol (4g/kg/day IP), 
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o~ (d) vehicle. The rats were ekposed to a second ll day preference test 

beginning 16 days after the final injection. In all four groups, ethanol 

intake during the second series was similar to ethanol intake during the 

first series. Again, this suggests that the long term reductions {e.g., 

Veale & Myers, 1970; 91 days) in ethanol drinking produced by pCPA were 

taste aversions. 

Summary. In summary, four experiments have experimentally assessed 

the role of taste aversion conditioning in pCPA-ethanol research. All 

four suggest that pCPA-induced reductions in ethanol drinking are taste aver-

sions. 

Table 3 

Effects of Drugs on Ethanol Drinking 

Independent Variables Dependent Variables Ref. 

Drug Dose Design Prior CS Prior ucs Number of Ethanol Intake 
mg/kg Exposure Exposure Pairings During Post-

ucs ucs 

Drug which effect serotonin 

pCA 4 A-P 20 days 0 15 D D- Frey et al., 
14 days 

pCA 4 p 40 days 0 15 NC NC Frey et al., 

pCA 2,4 p 20 days 0 15 NC NC Frey et al., 

pCA 4 p 10 days 0 14 SD NS Frey et al, 

pCA 4 p 0 days 0 12 NC NS Frey et al. ~ 

5,6- 7S~g 
a 

p 6 days 0 1 SI NS Ho et al., 
DHT 

5,6- SO~g 
a 

A-P 6 days 1 1 SI NS Myers & Melchior, 
DHT 1975b 
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T~.JP- NS A-P 11 days 12 days NS SI NC Myers & Melchior, 
tophan 1975a 

Tryp- NS A-P 11 days 12 days NS SI NC Myers & Melchior, 
top han 1975a 

Tryp- NS A-P 11 or 12 11 or 12 NS NC NC Hyers & Melchior, 
tophan days days 1975a 

5-HTP 
a 

11 days 11 days NS et al., 4401JgA-P 0 D Myers 
/day 

5-HTP 150 A-P 11 days 0 11 D D- Myers et al. 1 

83 days 

5-HTP 100 p 5 or 6 0 4-6 D D- Geller et al., 
days 3-7 days 

5-HTP 50, p 70 days 0 1-6 D D- Geller, 1973 
100 14 days 

5-HT 25- R 1 day 0 3 D NS Hill, 1974 
100 
lJg 

mela- 0.2- p 14 days 0 14-28 I NS Geller, 1971 
tonin 1.5 

mel a- 1 p 56 days 0 1 NC NC Blum et al., 
ton in 1973a 

mela- NS p NS 0 1 NC NS Blum et al., 
ton in 1973b 

mel a- lmg a 
p NS 0 1 NC NS Blum et al. I 

tonin /day 
-

1973b 

mela- 0.5- p 49 days 0 NS SI NS Burke & Kramer, 
tonin 2.5 

5-HTOL 192 A-P 11 days 0 11 days I NS Myers et al., . ' 
a 

]Jg 
/day 

Drugs which effect catecho1amines 

aMpT 200 A-P 11 days 0 11 D NC Myers & Veale, 
1968 

6- 200 A-P 12 days 1 1 D NS Myers & Melchior, a 
OHDA lJg 1975b 



6-
0HDA 

Carb-
achol 

THP 

NVP 

NS 

0.7 a 
j.lg 

1.5-
3.0 

5 

d-Amphet
amine l 

Paral-
c 

dehyde 

Paral- c 

dehyde 

Pheno- 20-
barb 80 

Pheno- 20-
barb so 

CDZ 3-12 

CDZ 1-17 

Tybam- 20, 
ate 40 

Pargy- so 
line 

p 

b 

SIP 

p 

A-P 

A-P 

A-P 

R 

R 

R 

SIP 

p 

p 
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28 days 0 1 

Drugs which effect acetylcholine 

0 days 2 1 

ll days 0 3 

ll days 0 4 

Stimulants 

20 days 0 15 

Sedative-Hypnotics 

9 days 5 days 9 days 

ll days 0 11 days 

NS 0 l 

4 days 0 3 

Minor tranquilizers 

NS 0 l 

55 days 0 10 

48 days 0 7 

11 days 0 ll 

SI NS Kiianmaa et al., 

NC NC Cicero & Myers, 

D NC Keehn, 

D D- Ho et al., 
l day 

D NC Frey et al., 

I NS Myers & Veale, 
1969 

I NS Myers & Veale, 
1969 

I NS Kachanoff, 

I D- Rondeau et al, 
3 days 

NC NS Kachanoff, 

I NS Barrett & 
Weinberg 

NC NC Myers & Cicero, 
1968 

SD D- Sanders et al., 
9 days 
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Narcotics 

Mer- 30 p 1 or 32 0 1 D D- Sinclair, 
phine days 8 days 

Mer- 60 p 141 days 0 1 D D- Sinclair et al., 

phine 9 days 

Mor- 60 p 200 days 0 1 D D- Sinclair et al., 
phine 10 days 

Mor- 79 p 81 days 2 0 D- Sinclair et al-, 
phine NS 

Mor- 5 p 36 days 3 0 D- Sinclair et al., 
phine NS 

Mer- NS R 67 days 6 0 D- Sinclair et al., 
phine NS 

Compounds related to the metabolism of ethanol 

Meth- c 
A-P 11 days 5 days 11 days I NS Myers & Veale, 

anol 1969 

Acetal-
dehyde --

c 
A-P 11 days 5 days 11 days I NS Myers & Veale, 

1969 

Acetal- c 
dehyde ---- A:-P 0 .days 11 days. 11 days I NS Myers & Veale, 

1969 

MMTC so- p 7 days 0 4-6 D NC Geller et al., 
150 

6- 10- p NS 0 4 D D- Geller & Purdy, 
MTHD 50 7 days 

THD 10- p NS " 4 D D- Geller & Purdy, v 

50 7 days 

NLN 10- p NS 0 4 D D- Geller & Purdy, 
50 7 days 
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Compounds which interfere with ethanol metabolism 

TETD NS p 

TMTD NS p 

TITD NS p 

SDTC NS p 

BAO NS p 

Glut- 100 P 
amine 

Glut- 100 P 
amine 

Gl1:1t- 100 P 
amine 

GA 100 P 

Gluta- 100 P 
mate 

As- 100 P 
para-
gine 

Gly
cine 

100 p 

NS 

NS 

NS 

NS 

6 days 

55 days 

55 days 

94 days 

94 days 

94 days 

94 days 

94 days 

0 NS D NS 

0 NS D NS 

0 NS D NS 

0 NS D NS 

0 NS D D-
75 

Amino acids 

0 26 D NS 

0 26 D NS 

0 42 SD NS 

0 42 NC NC 

0 NS NC NC 

0 NS NC NC 

0 NS NC NC 

days 

Harkness et al., 

Harkness et al., 

Harkness et al.., 

Harkness et al., 

Koe & Tenen, 

Rogers et al., 
1955 

Rogers et al., 
1955 

Rogers et al.. , 
1956 

Rogers et al., 
1956 

Rogers et al. , 
1956 

Rogers et al. , 
1956 

Rogers et al., 
1956 

Note: Abbreviations include: A-P, ascending-preference (i.e., the design used 
by Myers and Veale); BAO, Butryaldoxime; pCA, p-Chloroamphetamine; CDZ, Chlor
diazepoxide; CS, conditioned stimulus (i.e., ethanol); D, decrease; 5,6-DHT, 
5,6-Dihydroxytryptamine; GA, Glutamic acid; 5HT, serotonin; SHTOL, 5-Hydroxy
trytophol; SHTP, 5-Hydroxytryptamine; I, increase; MMTC, l-Methy1-6-rnethoxy
l,2,3,4,-tetrahydro-2-carboline; aMpT, a-Methyl-p-tyrosine; MTHD, 6-Meth
oxytetrahydroharrnan; NC, no change; NS, not stated; NLN, Norleagnine; NVP, 
4-(l-naphthylvinyl) Pyridine; 6-0HDA, 6-Hydroxydopamine; P, preference (same 
as the design used by Myers and Veale except that the concentration of the 
ethanol solution is held constant); R, restricted access to fluids; Ref., 
reference; SD, significant decrease; SDTC, Sodium diethyldithiocarbarnate; SI, 
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slgnificant increase; SIP, schedule induced polydipsia; TETD, tetraethyl
thiuram disulfide (i.e. , Antabuse) ; THD, Tetrahydroharman; THP, Trihexy
phenidyl; TITD, Tetraisobutylthiurarndisulfide; TMTD, Tetramethylthiurarndi
sulfide; ucs, unconditioned stimulus. 

a The quantity of drug listed was administered to each animal, regardless of 
its weight. 

bNon-fluid deprived rats were administered carbachol and given access to 
water. Rats, consuming water after carbachol, were then given access 
to an ethan~l solution after carbachol. 

c 
Each rat was administered 192 ~1 of a 0.5% solution per day. 

Taste Aversion: Contaminant of Drug-Ethanol Research 

Taste aversions have been conditioned by many drugs. If taste aversion 

conditioning was responsible for the decreased ethanol drinking observed 

in pCPA-ethanol experiments, than similar decreases should have occurred 

in other drug-ethanql experiments. 

A major portion of the drug-ethanol literature is reviewed in Table 3. 

The majority (i.e., over 65%) of experiments reporting changes in ethanol 

drinking upon treatment with a ;econd drJg, reported that the ~hange was a 

decrease. Twenty-two publications reporting decreased ethanol drinking 

during drug treatment, also reported post-drug ethanol drinking; nineteen 

of these publications reported that ethanol drinking was also reduced 

after termination of drug treatment. Post-drug (i.e., UCS) reduction in 

CS (e.g., ethanol) consumption is a defining characteristic of taste 

aversion conditioning. Therefore, the post-drug reductions strongly 

suggest that these experiments were confounded by unpl~~ned taste aversions. 

Prior exposure to the UCS can attenuate taste aversion conditioning. 

In 16 of the studies summarized in Table 4, animals were given exposure 

to the drug (UCS) prior to drug-ethanol pairing. Reduced ethanol drinking 

was reported in only two of these studies. When animals were not given 
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prior expusure to the UCS, the percentage of studies reporting reductions 

was much greater. 

Amount of prior 
exposure 

No prior UCS 
exposure 

Prior UCS 
exposure 

Table 4 

Effect of Prior Exposure to the UCS 

Number of 
studies 

65 

16 

Reports of 
in ethanol 

During 
drug 

33 

1 

Note: UCS refers to the experimenter administered drug. 
Ethanol is the CS. 

decreases 
drinking 

Post-
drug 

23 

1 

Although not mutually exclusive, two explanations have been offered 

for the attenuation observed after prior exposure to the UCS: 

1. A conditioning phenomenon (viz., discussed in the section entitled 

"Prior exposure to the UCS") related to the extent to which ingestion of 

ethanol predicts the presence or absence of drug-induced illness. 

2. Tolerance caused by increased metabolism of the drug to inactive 

compounds, homeostatic adjustments, or changes at cellular sites of drug 

action. 

Many forms of tolerance would attenuate both drug-induced increases 

and drug-induced decreases in ethanol drinking. The conditioning phenomenon 

would attenuate only drug-induced decreases in ethanol drinking. As Table 5 

indicates, prior exposure to the UCS did not alter the probability of drug-

-induced increases in ethanol drinking. Again, this suggests taste aversion. 
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Table 5 

Effect of Prior Exposure to the UCS 

Amount of prior 
exposure 

Number of 
studies 

Reports of increases 
in ethanol drinking 

During 
drug 

No prior ucs 8 8 
exposure 

Prior UCS 9 8 
exposure 

Note: UCS refers to the experimenter administered drug. 
Ethanol is the cs. 

Summary 

Post-
drug 

1 

1 

The possibility that pCPA-induced decreases in ethanol drinking are 

taste aversions is suggested by three types of evidence: 

1. An analysis of four variables (i.e. , magnitude of the UCS, prior 

exposure to the cs, number of cs-ucs pairings, cs-ucs temporal relations) 

suggests that taste aversion conditioning could easily have occurred in 

pCPA-ethanol studies. 

2. All four pCPA-ethanol taste aversion experiments suggest that 

pCPA-induced reductions in ethanol drinking are taste aversions. 

3. An analysis of a large portion of the drug-ethanol literature 

suggests that pCPA-induced reductions in ethanol drinking are taste 

aversions. 

Implications of Unplanned Taste Aversions 

One theory generated by pCPA-ethanol experiments is that ethanol and 

pCPA both deplete serotonin in the CNS. Myers and Veale (1968) expressed 



-27-

this theory in the comment: 

There is some evidence that alcohol reduces the content 

of serotonin in brain tissue but this idea is not yet 

firmly established ... Since pCPA depletes serotonin, and 

if alcohol has a similar effect, the pCPA rats may have 

rejected alcohol because its intake would have only fur

ther lowered already-depeleted levels of serotonin. Thus 

the aversion to alcohol may have reflected the animal's 

attempts to conserve remaining stores of serotonin (p. 1470) 

The demonstration that pCPA-induced decreases in ethanol drinking are 

taste aversions does not rule out Myers and Veale's hypothesis. PCPA could 

have produced taste aversions to ethanol because both ethanol and pCPA 

depleted serotonin. The selective taste aversions to ethanol, observed by 

Myers and Veale, could even be used to suggest that pCPA and ethanol are 

interacting on serotonin in the CNS. Although taste aversion does not 

rule out Myers and Veale's theory, it does suggest the need for caution in 

interpreting behavioral evidence (e.g., pCPA-ethanol studies). Several 

comments _illustrate this need: 

1. Taste aversions can be conditioned with UCS's (e.g., pCPA, d

-amphetamine, scopolamine methyl nitrate, monosodium glutamate) with no 

other apparent common properties. It has not been demonstrated, and appears 

very unlikely that all effective UCS (see Riley & Baril, 1976 for a list 

of 90 UCS) deplete serotonin. Therefore, it can not be concluded that 

every instance of taste aversion conditicning was c~used by serotonin 

depletion. 

2. PCPA has other effects than depleting serotonin in the CNS 

(e.g., a peripheral serotonin-like action, Marley & Whelan, 1976). PCPA-
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-induced taste aversions could have been caused by these effects. 

3. Taste aversions can be conditioned to ~any different substances 

(e.g., tap water, saccharin, thiamine-deficient food}. It has not been 

demonstrated that all these substances directly deplete serotonin in 

the CNS. Domjan and Wilson (1972) conditioned taste aversions without 

allowing the CS to oe ingested: the CS, in this case, could hardly have 

depleted serotonin in the CNS. 

Theories of Alcoholism 

The demonstration of unplanned taste aversions clouds the interpretation 

of pCPA-ethanol experiments: this difficulty with interpretation applies 

to drug-ethanol data used to support other theories of alcoholism. These 

theories include: 

1. The Genetotrophic Hypothesis, a theory which stressed the role of 

vitamin and nutritional deficiencies in alcoholism (Beerstecher, Sutton, 

Kirby-Berry, Brown, Reed, Rich, Berry, & Williams, 1950; Brady & Wester-

feld, 1947; Mardones, 1951, 1954, 1960; Mardones, Segovia & H~derra, 1952; 

Mardones, Segovia, & Onfray, 1946; Purdy & Lee, 1962; Rogers & Pelton, 1958; 

Rogers, Pelton, & Williams, 1955, 1956, 1957; Westerfeld & Lawrow, 1953; 

Williams, 1946, 1954; Williams & Beerstecher, 1950; Williams, Berry, & 

Beerstecher, 1949a, l949b, 1950}. The literature in this area displays the 

same pattern observed in pCPA-ethanol studies: initial reports of impressive 

long term reductions in ethanol drinking, followed by puzzling inconsistencies 

and failures at replication. 

2. Alcoholism as a result of hormone imbalance (Prieto, Varela, & 

Mardones, 1958; Richter, 1956, 1957; Zarrow, Aduss, & Denison, 1960). 

3. Relations between addiction to ethanol and addiction to narcotics 

(Sinclair, 1974; Sinclair, Adkins, & Walker, 1973). 
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Experiments examining these theories used designs similar to those 

used in pCPA-ethanol experiments i the results were also similar. Drug-

-induced decreases in ethanol drinking were almost invariably followed by 

post-drug decreases. This does not, however, mean that these reductions 

are taste aversions: it does suggest the need for controlling variables 

involved in taste aversion conditioning when designing drug-ethanol research. 

Taste Aversion Conditioning as an Explanatory Principle 

In previous sections of this paper, taste aversion conditioning was 

·offered as a possible explanation for many drug-induced reductions in eating 

and drinking. A detailed analysis of the drug-ethanol literature was used 

to support this possibility. 

There are, however, at least two reasons to question the existence of 

unplanned taste aversions: (a) in most experiments, subjects received 

prior exposure to flavored substance (i.e., the CS), (b) in most experi-

ments, the amount of the drug administered (i.e., magnitude of the UCS) 

would not be expected to induce illness. The prominence of these reasons 

appears related to the postulated evolutionary role of taste aversion 

conditioning. 

Rozin and Kalat (1971) reasonably argue that taste aversion conditioning 

represents an adaptive specialization of learning: 

some basic features of learning and memory as applied 

to food selection in the rat are strikingly different 

from features characterizing the rat's learning in 

more traditional laboratory situations, that these 

differences make sense in terms of evolutionary adapta-

tion, and that an understanding of the role of 
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learning and memory in food selection involves an 

elucidation of specifically adapted learning mechanisms 

and an integration of these with genetically determined 

behavior patterns. (p. 460} 

Rozin and Kalat's view suggests that conditioned taste aversions occur 

when a free living animal ingests a novel substance, and is then made very 

ill. This view of taste aversion conditioning was buttressed by the situations 

that first suggested the existence of conditioned taste aversions. 

The existence of taste aversion conditioning was first suggested, in 

part, by poison experiments (Rzoska, 1953} and by radiation experiments. 

In both types of studies, rats were exposed to a noxious stimulus (i.e., 

the UCS, in these experiments, was poison or radiation) after consuming a 

novel substance. This origin appears to have influenced the terms used to 

describe taste aversion conditioning. 

UCS Magnitude Required for Taste Aversion Conditioning 

Table 6 lists terms used to describe UCS, in three major reviews of 

taste aversion conditioning. Poison, toxin, sickness (i.e., examples of 

terms used to describe the UCS) imply that taste aversion conditioning occurs 

only when an animal is debilitated by a UCS. Gross debilitation, however, 

is not required for taste aversion conditioning (Cappell and Le Blanc, 1973; 

Revusky and Garry, 1973; Wise, Yokel, and De Wit, 1976}. 

Cappell and Le Blanc (1973) conditioned a taste aversion to a saccharin 

solution by following its consumption with amphetamine (0.25, 0.50, or 1.0 

mg/kg).administration. These doses of amphetamine (0.25-1.0 mg/kg/infusion) 

have also been self-administered by rats (Pickens and Harris, 1968). Revusky 

and Gorry (1973) conditioned taste aversions with doses of lithium chloride, 

emetine, and apomorphine comparable to recommended human doses. Wise et al. 
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Table 6 

Terms Used to Describe the UCS 

UCS term 

Toxin, illness, malaise, 
poisoned bait 

Nausea, poison, malaise, 
toxic food, sickness 

Poison, toxic effects, 
sickness 

Reference 

Garcia et al., 1974 

Rozin and Kalat, 1971 

McFarland, 1973 

(1976) trained rats to self-administer amphetamine by following lever presses 

with IV infusions of amphetamine. After responding stabilized, amphetamine 

was replaced by apomorphine (0.5 mg/kg/infusion). The rats had consumed a 

novel saccharin solution immediately prior to apomorphine substitution. 

Saccharin (i.e., the CS) intake was lower during subsequent access periods. 

Apomorphine appeared to be serving as a reinforcer for at least some of 

the rats on the initial apo~orphine day. Thes~ studies suggest that doses 

of drugs that are conventionally administered to humans, and to animals in 

psychopharmacological research, can condition taste aversions. 

PreCS Novelty Required for Taste Aversion Conditioning 

Many authors have stressed the importance of preCS (i.e. 1 the flavored 

substance prior to taste aversion conditioning) novelty. For example, Rozin 

and Kalat {1971) comment in their major review: 

Rats learn aversions much more readily to novel then 

to familiar solutions, even when the familiar solution 

is drunk after the novel solution •.. In these experiments, 

familiarization occurred over a period of days, but in 
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fact, a 20-minute exposure to a solution followed by 

neutral consequences will produce virtually the same 

effect, for such a solution is quite resistant to associ

ation with poisoning ... This minimal (single) experi-

ence can have occurred three we~ks before poisoning 

without a significant attenuation of the effect. 

(p. 471) 

Again, the stress on preCS novelty is displayed by Revusky and Bedarf 

(1967) : 

A poison~:d food is bound to be novel; otherwise the 

rat would probably already be dead. (p. 219) 

Novelty, however, is not crucial. Taste aversions have been conditioned 

to quite familiar tastes (Elkins, 1974a; Fenwick et al., 1975; Peacock and 

Watson, 1963; Revusky and Taukulis, 1975). 

Peacock and Watson (1963) were able· to condition taste ave.rsions to a 

familiar flavor following a single cs-ucs pairing. Initially, C57BL/Cum 

mice were restricced to 10% ethanol for 14 days. Ethanol and water were 

simultaneously available for two 4-hr periods on each of the next 9 days. 

On the tenth day, the mice were allowed access to ethanol only, and were 

simultaneously irradiated (12 R/hr) throughout the session. Despite 24 

days prior exposure to ethanol, the irradiated mice displayed taste aversions 

to ethanol for 6 days after the conditioning session. 

Elkins (1974a) conditioned a taste aversion to tap water (CS) after at 

least 70 days of prior exposure. Elkins commented: 

The successful induction of strong aversions to 

familiar tap water as a consequence of repeated condi

tioning trials and discrimination training clearly 
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demonstrates the transient nature of the aversion 

attenuation resulting from preconditioning flavor 

familiarity. (p. 413-414) 

Two factors (i.e., lack of preCS novelty; insufficient magnitude of 

the UCS} question the existence of unplanned taste aversions; a consider

ation of these factors, however, suggests that neither would eliminate 

unplanned taste aversions. 

Suggestions for Future Research 

The preceding discussion has illustrated problems caused by failure to 

control variables involved in taste aversion conditioning. The reductions 

in ethanol drinking observed following pCPA administration generated a 

theory about the role of the serotonergic system in ethanol drinking. In 

retrospect, the results of existing pCPA~ethanol studies can not be used to 

support this theory. 

Problems with unplanned taste aversions are not limited to pCPA-ethanol 

experiments. The comments in preceding sections are likely to apply to 

other areas of drug ethanol research, and to toally independent areas (e.g., 

research on specific hungers). Because of the problems caused by unplanned 

taste aversions, experiments should be designed to control or eliminate taste 

aversion conditioning. This can be accomplished by controlling variables 

involved in taste aversion conditioning. 

Prior Exposure to the Flavor 

Prior exposure can attenuate taste aversion conditioning. At present, 

however, it can't be concluded that prior exposure eliminates taste aversion 
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conditioning. The attenuation, obtained by increasing prior exposure, may 

not always jus.tify the expenditure of time. 

Magnitude of the UCS 

Since taste aversions have occurred after administration of doses 

conventionally administered in psychopharmacological research (e.g., 

Myers and Veale, 1968; Elsmore and Fletcher, 1972) it is advisable to begin 

administering small amounts of the drug. The dose can be increased gradually 

until behavioral effects are observed. 

Prior Exposure to the ucs 

Taste aversion conditioning can be attenuated by administering the 

UCS alone, prior to pairing it with the cs. The most reasonable time to 

begin administering the UCS, is 1-2 days prior to pairing. 

Number of cs-ucs Pairings 

Under some conditions, more pairings yield greater taste aversions. 

In many experiments, (e.g., Myers and Veale, 1968) the UCS was administered 

on consecutive days. When the UCS is adninistered on consecuti7e days, post

drug decreases in CS consumption can only be observed following multiple 

cs-ucs par:rings. To minimize taste aversion conditioning, administer the 

drug (UCS) once, and wait until intake of the flavored substance has returned 

to normal, before administering the UCS again. 

CS-UCS Temporal Relations 

The most important of the five variables is the temporal relationship 

of the CS and the UCS. The vast majority of post-drug reductions (i.e., 

possible adventitious taste aversions) have occurred in experiments which 

did not control this variable. ~o control cs-ucs temporal relations, it 

is necessary to cpntrol the time of eating or drinking (i.e., cs presentation}. 

Three methods of controlling the time of CS presentation are discussed in the 

following paragraphs. 
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Liquid deprivation. Experimental subjects could first be liquid de

prived, then allowed brief periods of access to ethanol solutions. This 

method affords a great deal of experimental control over the time of ethanol 

drinking. Results obtained from liquid deprived subjects, however, are 

unlikely to generalize widely (e.g., to non-liquid deprived alcoholics). 

Restriction on access to ethanol. A second way to control CS-UCS 

temporal relations is to allow free access to ethanol. The design used in 

pCPA-ethanol experiments could be modified: free access to food and water 

could be continued, but access to ethanol restricted to shorter periods 

(e.g., 6-hr/day). The drug ~UCS) could be administered at selected inter

vals prior to the ethanol access period. Although this procedure would insure 

that the UCS (e.g., pCPA) was presented prior to the CS, control over cs-

-ucs temporal relations would not be very exact. Restricting ethanol 

access would not insure that ethanol drinking began at the start of the 

ethanol access period. 

Establishment of ethanol as a reinforcer. A third alternative is to 

establish ethanol as a reinforcer. This can be accomplished by at least 

three procedures (Meisch, 1976). vfuen ethanol is serving as a reinforcer, 

ethanol drinking generally begins at the start of the ethanol access period 

(Anderson and Thompson, 1974; Meisch, 1976; Meisch and Beardsley, 1975). 

This allows precise control over the temporal relations of the CS (e.g., 

ethanol) and the UCS {e.g., pCPA) in the absence of fluid deprivation 

(Anderson and Thompson, 1974). 

Figure 1 depicts results of a pCPA-ethanol experiment in which ethanol 

was serving as a reinforcer (Pohl, unpublished data). In this experiment, 

pCPA (37.5, 75, 150, and 300 mg/kg) produced reliable reductions in ethanol 
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PW6 

8 

1-------------90 min.------------l 

Figure 1 includes three representative cumulative records of rat PW6. 
These records were obtained on three consecutive days and depict perfor
mance of PN6 before, during, and after administration of pCPA (75 mg/kg). 
A: a representative b~seline session. B: pCPA (75 mg/kg) was adminis
tered 3 hours prior to the session. C: session conducted on the day 
after session depicted in B. 

Each session (i.e., A,B, and C) consists of three components. The 
pen, marking the middle trace, reset twice: (a) at the end of initial 
(i.e., ethanol) component and, (b) at the end of the second (i.e., time
-out) component. Pips on the upper trace in A,B, and C during the eth
anol and food components represent water deliveries. Pips on the upper 
trace during the time-out component represent responses on the water 
manipulandum that were not followed by water deliveries. The middle 
trace in each record represents: (a) ethanol responding (vertical 
displacement) and presentations of an ethanol filled dipper (pips), 
(b) time-out responding on the ethanol-food lever, (c) food responding 
(vertical displacement) and presentations of food pellets (pips). The 
lower trace in each record represents the period of food availability 
(downward deflection). 
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drinking: pCPA (viz., doses of 75 and 150 mg/kg) sharply reduced ethanol 

drinking without producing observable changes in food or fluid consumption. 

Taste aversion conditioning can not be the cause of these reductions because: 

1. Future reductions in ethanol drinking were not observed (see part 

C of Figure l) : ethanol drinking was reduced only on the days of pCPA 

administration, and not on subsequent days. 

2. PCPA was administered 3 hours prior to periods of access to ethanol: 

there are no reports of conditioned taste aversions with drug-UCS under 

these conditions. 

Conclusion 

Defining and non-defining characteristics of taste aversion condition

ing were used to evaluate pCPA-induced reductions in ethanol drinking. 

In summary, pCPA-induced reductions in ethanol drinking were caused, at 

least in part, by taste aversion conditioning. Inspection of resu1ts 

suggested that experiments throughout the drug-e-thanol literature were 

also contaminated by taste aversion. The demonstration of adventitious 

taste aversion conditioning was used: (a) to support the need for re

-evaluation of drug-e~anol research, (b) to design experiments free of 

adventitious taste aversions, and (c) to extend the generality of taste 

aversion conditioning. 

PCPA-induced reductions in ethanol drinking observed in home cage 

experiments (i.e., the design used by Myers & Veale) were caused, at least 

in part, by taste aversion conditioning. PCPA, however, can also induce 

reductions in ethanol drinking that can not be described as conditioned 

taste aversions (Pohl, unpublished data; discussed in section entitled 
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"Establishment of ethanol as a reinforcer"}. This suggests a broader point, 

made in a comment by A. Charles Catania: 

In any study of drugs it is difficult if not impossible 

to ignore the fundamental pharmacologic principle that 

no drug has a single action. The principle is important 

not only because it is relevant to specific experimental 

problems but because it so precisely parallels a principle 

of overriding importance in the analysis of behavior: 

no stimulus has a single action. We ordinarily speak of 

this behavioral principle in terms of the multiple func

tions of stimuli, and it is illustrated in any experiment 

concerned controlling relationships between stimuli and 

responses. For example, an experiment that deals with 

an elicitation relationship must be carefully 

designed to avoid confounding elicitation with the 

potential reinforcing or discriminative effects of the 

eliciting stimulus. (Thompson & Pickens, 1971, p. 149) 

In view of the problems caused by adventitious taste aversion the final 

sentence of Catania's comment could be rephrased: 

an experiment that deals with ..• [an effect of a drug 

on ethanol drinking] ..• must be designed carefully to 

avoid confounding ... [changes in ethanol drinking caused 

by taste aversion conditioning with unconditioned 

effects of a drug]. (p. 149) 
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Footnotes 

1cs (i.e., conditioned stimulus or conditional stimulus) is a stimulus 

whose ability to elicit a response is dependent on a pairing with a UCS. 

In taste aversion conditioning, the elicited response is a decrease in 

consumption of the flavored solution. 

2ucs (i.e., unconditioned stimulus or unconditional stimulus) is a 

stimulus (e.g., drug) which elicits an unconditioned response. The ability 

of a UCS to elicit a response is not dependent on a pairing with a second 

stimulus. 

3 
Drug-ethanol experiments are studies in which a second drug was 

administered to animals during periods of access to ethanol. The primary 

dependent variable in these studies is alcohol consumption. 
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