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LYNESS, W. H. AND F. L. SMITH. Influence of dopaminergic and serotonergic neurons on intravenous ethanol self- 
administration in the rat. PHARMACOL BIOCHEM BEHAV 42(1) 187-192, 1992.-Rats implanted with chronic indwell- 
ing intravenous catheters and allowed access to a self-administration apparatus learned to self-inject intravenous ethanol. 
Ethanol concentrations of 0.5, 1.0, and 2.0070, corresponding to a dose/injection of 1, 2, and 4 mg/kg, respectively, were 
consistently self-injected. Self-injection was not acquired or maintained with ethanol doses of 0.5 or 8 mg/kg/injection. 
Saline replacement of ethanol reservoirs led to marked increases in lever-pressing response in animals self-injecting 1, 2, and 
4 mg/kg ethanol/injection but not with 0.5 or 8 mg/kg/injection. Neurotoxin-induced lesions of dopamine-(DA) containing 
neurons in nucleus accumbens septi failed to alter the acquisition or maintenance of ethanol self-injection. Pretreatment with 
haloperidol (0.05 and 0.1 mg/kg, SC) failed to alter hourly or daily self-injection rates. On the other hand, p-chlorophenyla- 
lanine pretreatment increased, while fluoxetine (2.5 and 5.0 mg/kg) administration significantly reduced, self-injected intrave- 
nous ethanol. These data suggest that ethanol is self-injected by the rat in a narrow dose range and that 5-hydroxytryptamine 
(5-HT), but not DA-containing neurons, subserves some function in the reinforcing or aversive affects of ethanol. 

Ethanol Self-administration Haloperidol 6-Hydroxydopamine Fluoxetine 

WHILE record seizures of  cocaine and heroin continue to 
dominate the media, the menace of  alcohol abuse often re- 
ceives comparatively little notice. In terms of  employee absen- 
teeism, alcohol-related health problems, and loss of  life, the 
cost of  alcohol abuse in the United States is substantial (20). 
Preclinical studies aimed at the elucidation of  the neuronal 
mechanisms involved in continued alcohol abuse have been 
hampered to a major extent by the taste aversion to alcohol in 
the rat. Unless the rat is trained under unusual conditions or 
chronically pretreated with noncontingent ethanol and made 
dependent, rats do not normally initiate oral ethanol intake (6, 
8,15,21,25,27). These conditions complicate interpretation of  
experimental results. Within the last few years, strains of  rats 
have been utilized that are alcohol preferring, that is, they have 
no apparent taste aversion to alcohol (8,21,25). There is some 
evidence that the neurochemistry of  these animals is different 
from that o f normal, non-alcohol-preferring animals (7,30). 

The use of  an intravenous ethanol self-administration 

model has two advantages. It is a more readily available alter- 
native than specific breeds of  alcohol-preferring rats and by- 
passes the natural taste aversion to ethanol of  most rats. Since 
peripheral mechanisms (taste) are inoperative, pharmacologic 
manipulation of  brain monoamine turnover or function might 
prove of value in the determination of  the neural substrates 
involved in the acquisition and maintenance of  alcohol self- 
administration. However, the intravenous ethanol self-admin- 
istration model has not been extensively studied. There have 
been several reports suggesting that ethanol was not self- 
injected by rats (3,6). It would appear, however, that the 
dose/injection employed by these studies may have been too 
large. Sinden and LeMagnen (27) reported reliable ethanol 
self-injection in the rat with doses below 5 mg/kg/injection. 
Utilizing a range of  ethanol concentrations, the data below 
suggest that rats will self-inject IV ethanol and that manipula- 
tion of serotonergic, but not dopaminergic, neurons can alter 
alcohol intake. 

i To whom requests for reprints should be addressed. 
2 Current address: Department of Pharmacology and Toxicology, Medical College of Virginia, Richmond, VA 23298. 
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M E T H O D  

Male Sprague-Dawley rats (Harlan Farms, Houston, TX) 
weighing 275-300 g were anesthetized with pentobarbital (50 
mg/kg) (halothane supplements as necessary) and implanted 
with chronic indwelling silastic catheters (10,28,31). Rats were 
allowed a 10-day surgical recovery period prior to placement 
in the self-administration apparatus. 

The self-administration apparatus consisted of  cages with 
dimensions of  18 x 18 x 26 cm (width, height, and length, 
respectively), equipped with an operant lever that, when acti- 
vated, delivered 200 #l /kg/ infusion drug solution. The pneu- 
matic device delivering the ethanol solutions has been de- 
scribed in detail elsewhere (10,28,32). Since preliminary 
studies indicated no potential danger of  overdose, rats were 
left on a continuous reinforcement schedule (FR-1) through- 
out the test sessions. Test sessions were 8 h in duration (0900- 
1700 h). A count of  the daily number of  lever presses was 
maintained using electromechanical counters and event re- 
corders (Cole-Parmer, Chicago, IL). In addition, rats had free 
access to water during the test sessions. 

Ethanol solutions were made fresh daily by diluting 95°70 
ethanol in sterile 0.9°70 saline (Abbott,  Skokie, IL). The in- 
jected alcohol solutions ranged from 0.5070 [v/v, (1 mg/kg)] 
to 4.0070 (8 mg/kg). Haloperidol was diluted from injectable 
preparations (McNeil Pharmaceuticals, Fort  Washington, 
PA). Solutions containing p-chlorophenylalanine methyl ester 
(PCPA; Sigma Chemical, St. Louis, MO) and desipramine 
hydrochloride (Merrell Dow, Cincinnati, OH) were dissolved 
in water. PCPA was administered as a total dose of 320 mg/  
kg, given as four separate 80-mg/kg doses; each dosing was 
separated by 2 h. Fluoxetine was dissolved in physiologic sa- 
line prior to injection. 

Bilateral destruction of dopamine- (DA) containing nerve 
terminals in nucleus accumbens septi were performed by mi- 
croinjections of  6-hydroxydopamine (6-OHDA; 4 #g free 
base) in a volume of  1 #1. The compound, as hydrochloride 
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FIG. 1. Influence of dose per injection and saline substitution on 
ethanol self-administration. Rats (four per group) were allowed to 
self-administer IV ethanol as described, with the dose per injection 
range of 0.5-8.0 mg/kg. The number of self-injections per 8-h test 
session is shown (mean + SEM). The key (top left) indicates the 
training and maintenance dose employed. On day 10 of the study, 
ethanol (all doses) was substituted by saline. Statistical comparisons 
were made using ANOVA with the Scheffe F-test. 

salt, was purchased from Sigma (St. Louis, MO). The 1-#1 
volume was infused over a 4-min period and the injection 
cannula left in place an additional 4 min before removal. Rats 
were pretreated 1 h prior to 6-OHDA infusion with 25 mg/kg 
desipramine (Merrell Dow). Control animals (sham lesions) 
were likewise treated with desipramine but stereotaxically in- 
jected with vehicle (0.1 mg/ml ascorbic acid in 0.9070 saline). 
The stereotaxic coordinates used were those of  Pellegrino and 
Cushman (24): A 3.4, L _+ 1.7, V - 7 . 2 .  Injections were made 
through 30-ga stainless steel tubing. All rats in these experi- 
ments had IV cannulae implanted immediately after the ste- 
reotaxic injections and at least 10 days were allowed for recov- 
ery before self-administration studies began. 

Each rat was allowed access to only one dose of ethanol 
and all received saline on day 10 (data presented in Fig. 1). 
Rats treated with PCPA, fluoxetine, or 6-OHDA-induced 
lesions of  nucleus accumbens represent different groups of  
rats. 

Daily ethanol self-administration was analyzed using 
repeated-measures analysis of variance (ANOVA) to deter- 
mine differences in intake due to ethanol dose and surgical 
treatments. One-way ANOVA followed by the Scheffe F-test 
compared the effect of ethanol dose on pooled responses dur- 
ing the course of the study. ANOVA followed by the Scheffe 
F-test examined the effect of noncontingently administered 
drugs on ethanol intake compared with the day before and 
day after ethanol self-administration responding. 

At the end o f  the sclf-injc~iontHals,  6-OHDA- or vehicle- 
pretreated rats were sacrificed and brains immediately re- 
moved, frozen on dry ice, and later sectioned on a freezing 
microtome. Tissue punches from nucleus accumbens, adjacent 
striatum, and medial prefrontal cortex were taken as pre- 
viously described (10), homogenized in 0.2 N perchloric acid, 
and the concentrations of DA, norepinephrine (NE), and 5- 
hydroxytryptamine (5-HT) ascertained using high-perform- 
ance liquid chromatography (HPLC) techniques (10,17). 

RESULTS 

Initiation of Self-Administration Behavior 

Animals with no previous intravenous self-administration 
experience acquired stable patterns of ethanol self-injection 
at a fairly rapid rate (Fig. 1). Two-factor repeated-measures 
ANOVA demonstrated a significant ethanol dose effect on 
self-administration during the course of the study, F(4, 15) 
= 151.4, p < 0.01. Over the time course of  these studies, rats 
did not appear to alter their daily dose of  ethanol appreciably 
unless the ethanol was replaced with saline [(day 10), see be- 
low; F(11,165) = 1.82, p > 0.05]. With the exception of  ani- 
mals allowed access to a drug reservoir containing 0,5 and 8.0 
mg/kg/injection,  the patterns of  ethanol self-injection dem- 
onstrated a regularity with respect to the time between injec- 
tions. For example, a representative rat receiving 4 mg/kg 
(day 7) averaged 17.36 + 1.21 min (mean + SEM) between 
injections (n = 27). A rat self-injecting 2 mg/kg ethanol aver- 
aged 8.92 _+ 0.44 min between injections (day 7; n = 52) and a rat trained to self-inject 1 mg/kg IV ethanol averaged 5.65 
_ 0.11 min between injections (n = 85). Rats allowed access 
to 1, 2, or 4 mg/kg/inject ion ethanol are mere active at !e'-er 
pressing than drug-naive animals allowed access to saline self- 
injection (range during an 8-h test session: 0-12 lever presses). 
It is well known that saline self-injection is neither maintained 
in drug-naive rats nor readily initiated. 

Excluding day 10, in which ethanol reservoirs were re- 
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FIG. 2. Effects of 6-OHDA lesions or vehicle injections into nucleus 
accumbens septi and the administration of haloperidol on ethanol 
self-administration. Groups of four rats were stereotaxically injected 
with 6-OHDA or vehicle into nucleus accumhens septi and allowed to 
self-inject either 1.0 or 4.0 mg/kg/injection ethanol. Values represent 
the mean ± SEM of these results. Haloperidol was administered on 
day 7 (0.05 mg/kg) and on day 14 (0.10 mg/kg) to all animals. Statisti- 
cal comparisons were made using ANOVA followed by the Scheffe 
F-test. Symbols: squares, 1.0 mg/kg/inject ion- ([:]), vehicle-injected 
rats, ( I ) ,  6-OHDA-treated rats; circles, 4.0 mg/kg/inject ion-(©) 
vehicle-injected rats, (O), 6-OHDA-treated rats. 

placed with saline, a significant interaction occurred between 
ethanol  dose and days. This was due to fluctuations in ethanol 
intake during the acquisit ion phase o f  training on days 1-4 
for those rats self-injecting 1.0, 2.0, and 4.0 mg /kg / in j ec t ion  
ethanol doses, F(44, 165) = 1.73, p > 0.01. Pool ing the val- 
ues of  each dose o f  ethanol over the entire study, one-way 
A N O V A  followed by the Scheffe F-test indicated a significant 
dose-related effect on the number  o f  self-injections, F(4, 235) 
= 163.4, p < 0.01. Daily ethanol  consumption was highest 
in rats self-injecting the 1 .0-mg/kg/ in jec t ion  dose (p  < 0.01), 
followed by the 2.0- and 4 .0 -mg/kg / in jec t ion  doses (p  < 
0.01). Daily self-injection for the lowest (0.5 mg/kg / in jec t ion)  
and the highest (8.0 mg/kg / in jec t ion)  ethanol doses were sig- 
nificantly lower than rats self-injecting either the 1.0-, 2.0-, or  
4 .0 -mg/kg/ in jec t ion  doses (p  < 0.01). 

When ethanol self-injection appeared stable, ethanol reser- 
voirs were replaced with ones containing saline (day 10). AN- 
O V A  followed by the Scheffe F-test,  comparing days 9 and 
11 responding with day 10 saline replacement, demonstrated 
that  rats self-injecting 1.0 mg/kg / in jec t ion ,  F(2, 9) = 21.8, 
p < 0.01, 2.0 mg/kg / in jec t ion ,  F(2, 9) = 12.9, p < 0.01, 
and 4.0 mg/kg / in jec t ion ,  F(2, 9) = 9.7, p < 0.01, signifi- 
cantly increased their lever-pressing activity on day 10 by as 
much as sixfold (p  < 0.01). When ethanol solutions were re- 
instated for the next 8-h test session (day 11), lever-pressing 
activity returned to presaline replacement values (day 9 vs. 
day 11: p > 0.05). Replacement o f  the ethanol reservoir with 
one containing saline did not  alter responding in rats exposed 
to 0.5, F(2, 9) = 0.54, p > 0.05, and 8.0 mg/kg / in j ec t ion  
ethanol,  F(2, 9) = 0.99, p > 0.05, rats in which ethanol self- 
administrat ion was not evidenced. 

Lack of Influence of DA-Containing Neurons 

Groups o f  four  individual 6-OHDA-pret reated or  sham- 
lesioned rats having no self-administration experience were 
allowed access to the self-administration apparatus with drug 
reservoirs containing either 1 or 4 mg/kg / in jec t ion  ethanol 
(Fig. 2). Three-factor repeated-measures A N O V A  revealed a 
significant dose effect between rats self-injecting 1.0 and 4.0 
mg/kg / in jec t ion  ethanol,  F(1, 8) = 224.90, p < 0.01. There 
was a significant interaction between ethanol dose and days 
o f  self-injection represented by the acquisition phase o f  re- 
sponding [days 1-4, F(13, 104) = 6 .13 ,p  < 0.01]. It was ob- 
served that there were no differences between 6 -OHDA-  
lesioned rats compared to sham-lesioned rats in dally intake 
patterns at either ethanol dose, F(13, 104) = 1.1, p > 0.05. 
One 6-OHDA-lesioned rat, however (4 .0-mg/kg/ in jec t ion 
group), failed to initiate self-administration for reasons pre- 
sumed to be related to cannula failure. The data pertaining to 
this animal were removed from analyses. 

The dopamine receptor antagonist haloperidol  was admin- 
istered to all rats 2 h prior to placement in the self-injection 
apparatus on day 7 o f  the study (0.05 mg/kg ,  SC) and on day 
14 (0.1 mg/kg ,  SC; Fig. 2). A N O V A  followed by the Scheffe 
F-test comparing days 6 and 8 responding with day 7 after 
0.05 m g / k g  SC haloperidol demonstrated ethanol intake pat- 
terns not  significantly altered (p  > 0.05) for the 1 .0-mg/kg/  
injection ethanol groups [6-OHDA lesion, F(2, 6) = 0.049, 
p > 0.05, sham lesion, F(2, 6) = 1.45, p > 0.05] and the 
4 .0-mg/kg/ in jec t ion  ethanol groups [6-OHDA lesion, F(2, 6) 

T A B L E  1 

CONFIRMATION OF EXTENT AND LOCALIZATION OF NUCLEUS ACCUMBENS 6-OHDA LESIONS 

Monoamine Concentration 
(ng/mg protein) 

Brain Area Treatment DA NE 5-HT 

N. Accumbens Control 73.4 :t: 8.0 12.6 + 0.6 8.7 + 0.4 
6-OHDA 20.1 + 3.9* 13.9 + 1.1 9.7 + 0.6 

Striatum Control 105.5 + 9.8 5.8 ± 0.4 5.1 ± 0.1 
6-OHDA 126.4 ± 9.9 6.2 ± 0.5 5.1 ± 0.3 

Medialprefrontalcortex Control 3.6 ± 0.8 6.0 ± 0.7 8.1 ± 0.6 
6-OHDA 2.4 ± 0.7 5.6 ± 0.3 7.9 ± 0.2 

Values represent the mean + SEM of animals used in the previous self-administration study (Fig. 2). 
Statistical comparisons were made with 6-OHDA and control (sham lesioned) rats using Student's t-test. 

*Significant differences were found (p < 0.05). 
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T A B L E  2 

INFLUENCE OF PCPA INJECTION OF THE INTRAVENOUS SELF-ADMINISTRATION OF ETHANOL 

Day of Self-Injection 

Pre-PCPA Post-PCPA 

Day 11 Day 12 Day 13 Day 14 Day 15 Day 16 

45.8 ± 5.1 27.0 ± 8.8 22.3 ± 9.9 95.0 ± 11.7" 86.3 ± 24.3* 70.0 ± 8.0* 

Values represent the mean ± SEM of self-injection per 8-h test session made in four rats trained to self-inject 
2 mg/kg/injection IV ethanol, p-Chlorophenylalanine (320 mg/kg) was injected IP immediately after the training 
session on day 13. 

*Significant differences (p < 0.05) from pre-PCPA test days. 

= 1.69, p > 0.05, sham lesion, F(2, 6) = 3.76, p > 0.05]. 
In a similar fashion, comparing days 13 and 14 (0.1 mg/kg ,  
SC, haloperidol  treatment) demonstrated no significant differ- 
ences in ethanol intake (p  > 0.05) for the 1 .0-mg/kg/ in jec-  
tion ethanol groups [6-OHDA lesion, F(1, 4) = 0.06, p > 
0.05, sham lesion, F(1, 4) = 0.27, p > 0.05] and the 4 .0-mg/  
kg/ in ject ion ethanol  groups [6-OHDA lesion, F(1, 4) = 0.90, 
p > 0.05, sham lesion, F(1, 4) = 0.10, p > 0.05]. Analyses 
o f  hourly self-injection rates (data not  shown) also failed to 
demonstrate  an effect o f  haloperidol  pretreatment.  

At  the conclusion o f  the studies (3 days after the last IV 
ethanol test sessions), determinations o f  the extent of  the le- 
sions were performed.  These data  are illustrated in Table 1. 
Bilateral injection o f  6 - O H D A  into nucleus accumbens re- 
sulted in 73070 reductions in D A  and had no effect on NE 
or 5-HT concentrations. The adjacent  striatal tissue punches 
revealed no changes in monoamine  content,  suggesting lesions 
were limited in scope to nucleus accumbens. DA concentra- 
tions in medial prefrontal  cortex were lower, reflecting possi- 
ble damage to fibers o f  passage, but not  statistically different 
f rom sham-lesioned rats. 

Manipulat ion o f  CNS 5-HT functions were at tempted us- 
ing P C P A ,  a t ryptophan hydroxylase inhibitor demonstrated 
to profoundly lower brain 5-HT concentrations,  and the 5-HT 
reuptake inhibitor fluoxetine. Pretreatment  o f  rats with 
P C P A  reduced whole brain 5-HT by 77 _+ 9070 (mean + SE; 

n = 4) 24 h after injection. This same P C P A  regime led to an 
increased responding for 2 mg /kg  IV ethanol (Table 2). 

In an additional group of  animals, fluoxetine (2.5 or 5.0 
mg/kg)  was injected IP 2 h prior to placement in the self- 
administrat ion apparatus (Table 3). Fluoxetine, at both doses, 
significantly reduced ethanol self-injection o f  1 and 4 m g / k g  
IV ethanol.  In addition, the highest dose o f  fiuoxetine em- 
ployed (5.0 mg/kg)  significantly reduced ethanol self-adminis- 
trat ion in the subsequent 8-h test session as well. 

DISCUSSION 

It was apparent f rom the data that rats quickly learned to 
self-inject intravenous ethanol. Ethanol  must have positive 
reinforcing properties in the rodent  since the patterns o f  self- 
administrat ion appear stable, rats receiving ethanol consis- 
tently exhibited more lever-pressing activity than would be 
expected f rom rats receiving saline, lever-pressing activity ap- 
peared dose related, and, finally, substitution of  ethanol by 
saline led to increased lever-pressing behavior [frustration; cf. 
review, (33)]. These observations are consistent with positive 
reinforcement associated with a drug. Ethanol  self-injection 
only occurs, however, within a narrow window of  >0 .5  m g /  
kg/ in ject ion but less than 8 mg/kg / in jec t ion  in our  rats. It is 
conceivable that 0 .5-mg/kg ethanol solutions are below the 
threshold for establishing a positive reinforcing effect o f  the 

T A B L E  3 

INFLUENCE OF FLUOXETINE PRETREATMENT ON IV ETHANOL SELF-ADMINISTRATION 

Day of Self-Injection 

Prefluoxetine Postfluoxetine 
Treatment 
Group Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 

I 66.6 ± 5.1 52.3 + 8.4 73.0 ± 7.6 22.3 ± 7.8* 44.0 ± 8.8 70.8 ± 6.9 
II 20.1 ± 6.3 26.3 ± 5.5 26.5 ± 2.1 9.0 ± 1.7" 9.3 ± 2.1" 18.5 ± 2.9 

Values represent the mean + SEM number of self-injections per 8-h test session from four rats per group. Animals in 
treatment Group I were trained to self-administer 1 mg/kg/injection ethanol IV and administered 2.5 mg/kg fluoxetine IP 2 h 
prior to placement in the self-administration apparatus. Rats in Group II were trained to self-inject 4 mg/kg ethanol and injected 
with 5 mg/kg IP fluoxetine on day 10 of the training schedule. 

*Significant differences from the appropriate day 9 values (Student's t-test; p < 0.05). 
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drug. The sudden decrease in lever pressing activity at 8 mg/  
kg/injection led us to believe that some aversive actions of  IV 
ethanol became operative. The strongest circumstantial evi- 
dence in support of  this hypothesis came from preliminary 
studies in which animals trained to self-administer 1- or 4-mg/ 
kg ethanol solutions decreased self-injection behavior dramat- 
ically when 8-mg/kg solutions are substituted for the training 
dose. This narrow dose window supporting self-adminis- 
tration was first proposed by the findings of  Sinden and 
LeMagnen (27) and may explain the failure to observe 
ethanol self-administration in other studies with larger dose/ 
injection regimens (3,6). The small dose window support- 
ing self-administration is not altogether unusual. It does ap- 
pear, however, that like morphine and the psychomotor stim- 
ulants IV ethanol does have positive reinforcing properties 
in the rat. 

It is well established that dopaminergic and serotonergic 
neurons are of  import in continued psychomotor stimulant 
self-administration. Disruption of  dopaminergic pathways can 
reduce or abolish both cocaine and amphetamine self-adminis- 
tration in the rat (18,26). Noncontingent injections of  dopa- 
mine agonists like apomorphine suppress response for psycho- 
motor stimulants and the administration of  dopamine 
receptor antagonists, in accord with the dopamine hypothesis 
of reward, leads to an increased response rate [cf. review, 
(33)]. The administration of  haloperidol, but not /3-blocker 
propranolol, reduced the subjective rating of  amphetamine- 
induced euphoria in humans (12), strongly implicating a dopa- 
minergic component in psychomotor stimulant positive rein- 
forcement. 

The situation in alcohol abuse studies is less than clear. It 
has been suggested that DA-contalning neurons might partici- 
pate in the positive reinforcing effects of  alcohol and other 
drugs of  abuse (34,35). Dopamine receptor antagonists have 
been reported to attenuate alcohol consumption (9) or to have 
no effect (5). Enhancement of  DA receptor function has like- 
wise been reported to decrease alcohol consumption or to have 
no effect. A parallel situation has been noted in studies em- 
ploying lesions of  DA containing ascending pathways, that is, 
decreased alcohol consumption (23) or no effect (2). Using a 
limited alcohol access paradigm, Linesman (14) demonstrated 
that manipulation of  either D~ or D2 receptor function did not 
affect oral ethanol consumption. 

Rats with substantial losses of  DA within nucleus accum- 
bens septi acquired and maintained self-injection of  both 1 
and 4 mg/kg/injection IV ethanol in a manner identical to 
sham-lesioned rats and at rates comparable to nonlesioned 
animals. Similarly, blockade of  DA receptors with haloperi- 
dol, doses we have noted produce marked increases in d-am- 
phetamine self-injection (unpublished), fail to alter IV ethanol 
intake. The dose of haloperidol chosen for these studies can 
induce 150-200070 increases in striatal and nucleus accumbens 
dopamine metabolites, indicative of  dopamine receptor block- 
ade and compensatory increased neurotransmitter turnover. 
Similarly, in preliminary studies, apomorphine administration 
also failed to influence ethanol self-administration in the rat 
with the exception of  high doses (>  1 mg/kg, SC). These doses 
also produced stereotypy and it is therefore likely that the 
transient behavioral disruption reduced the IV ethanol self- 
injection for short periods. Since neither stimulation nor 
blockade of  DA receptors or lesions of  DA-containing neu- 
rons altered ethanol self-administration, it was therefore 
unlikely that DA-containing neurons, in loci identified as 

important in psychomotor stimulant self-injection, played 
a role in the positive reinforcing effects of ethanol in our 
animals. 

On the other hand, manipulation of the 5-HT-containing 
pathways in the CNS has been shown to alter IV self-adminis- 
tration of  the psychomotor stimulants, morphine, and the oral 
consumption of ethanol. Lesions of  serotonergic pathways 
have been demonstrated to increase amphetamine self-injec- 
tion (13,19) and drugs that enhance serotonergic receptor 
function decrease amphetamine abuse in the animal model 
(13,16,28,36). The influence of serotonergic neurons in the rat 
self-administration paradigm has recently been extended to 
include morphine: 5,7-dihydroxytryptamine (DHT)-induced 
depletions of  forebrain 5-HT leading to increased morphine 
self-administration (29). The results with PCPA suggested 
that, like the opiates and psychomotor stimulants, IV ethanol 
self-injection was also influenced by the dynamics of  5-HT- 
containing neurons. The majority of  publications indicate that 
PCPA pretreatment reduces oral ethanol consumption [cf. 
review, (23)]. Only one study has indicated increases in etha- 
nol drinking (11). Studies with neurotoxins 5,6-DHT or 5,7- 
DHT generally indicate increases in oral ethanol consumption 
(23) or no change (22). The discrepancy between results in the 
PCPA and 5,6,-DHT/5,7-DHT studies cannot be resolved at 
this time. Further, it is not certain whether results can be 
compared between IV and oral self-administration experi- 
ments. Pretreatment of rats with fluoxetine, a 5-HT reuptake 
inhibitor, significantly reduced the self-injection of  ethanol. 
This attenuation, with the exception of the 4 mg/kg/injection 
rats administered 5 mg/kg fluoxetine, generally lasted only 1 
day. The attenuation of  ethanol self-administration by fluoxe- 
tine is similar to that noted in amphetamine self-administra- 
tion rats. Fluoxetine, in identical doses, can markedly reduce 
amphetamine self-injection but did not alter saline frustration 
responding (36). Further, our results are similar to those 
found in oral ethanol studies, where 5-HT reuptake inhibitors 
decrease ethanol intake (23). 

There is a wealth of  data supporting a role of  5-HT- 
containing neurons in continued alcohol consumption in both 
rats and humans [cf. review, (1,23)]. In both species, experi- 
ments were conducted after oral ingestion. Nevertheless, the 
work reported herein supports a serotonergic role in IV etha- 
nol self-administration and further complements other works 
that could not substantiate a notable function of  dopaminer- 
gic neurons in alcohol-induced positive reinforcement (2,4, 
5,14). 

In conclusion, it appears that doses of ethanol between 0.5 
and 8 mg/kg IV support stable self-administration. However, 
the mean total dose of alcohol self-injected is low (ca. 0.15 g/ 
kg over 8 h). Given the excesses to which humans are known 
to abuse alcohol, it is unclear whether fundamental differ- 
ences exist between rat and man in the perception of positive 
reinforcement. The IV ethanol self-injection model therefore 
deserves further study. It is apparent that 5-HT- but not DA- 
containing neurons can alter ethanol self-injection. 
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