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JOUHANEAU-BOWERS,  M. AND J. LE MAGNEN.  ACTH self-administration in rats. PHARMAC. BIOCHEM. BE- 
HAV. 10(3) 325-328, 1979.--The ability of rats to learn a lever pressing response reinforced by a contingent intravenous 
delivery of ACTHz_z4 and 4 ,,, was investigated. About 60% of the rats tested learned to press the lever for the two 
analogues that were infused at a rate of 2.08 gg per second via a chronically implanted intrajugular catheter. Most of the 
animals exhibited sustained daily self-injections of 250 to 375/~g of ACTH~.~4 and more variable amounts of ACTH,.,,. 
Comparisons with the self-administration of saline and altered responses following a change in the concentration of 
ACTH~_~4 solution indicated a positively reinforcing effect for the neuropeptide. The self-administration of the ACTHH,, 
analogue demonstrates that this reinforcing property of ACTH is not due to its adrenal stimulating activity. Brain targets 
possibly involved in the self-administration of ACTH are discussed. 
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THE POTENT behavioral effects of the pituitary ad- 
renocorticotrophic hormone (ACTH) and of its analogues is 
well established [4, 5, 21]. ACTH administration restores the 
deficiency of avoidance learning in hypophysectomized rats 
[6,7]. In intact rats, the pituitary peptide retards the extinc- 
tion of a learned active avoidance response [1, 2, 16, 17]. 
Associated with both positive and negative reinforcers, 
ACTH also seems to affect the learning of approach or aver- 
sive responses in a dose dependent fashion [12,14]. In addi- 
tion to the effects on the acquisition and maintenance of 
experimentally learned behavioral sequences, it has been 
shown that ACTH also modifies naturally occurring inges- 
tive and sexual behavioral patterns [3, 13, 19]. 

The mechanism of action of ACTH on the CNS is not yet 
fully understood [8,9]. It does not appear to be mediated by 
adrenocortical hormonal release. The ACTH4_,0 analogue 
which does not stimulate adrenocortical release is similarly 
effective. ACTH specific binding sites or receptors in 
the CNS have not yet been identified. The possible action of 
the peptide on brain opiate receptors has been suggested 
[10,22]. The known activity of ACTH on brain protein meta- 
bolism and on catecholamine metabolism [8] has also been 
suggested. 

The observed behavioral effects have been interpreted as 
effects on short-term memory processes or on the retention 
of newly learned responses [12]. Since ACTH is released by 
stress, the effects in avoidance conditioning could also be 
interpreted as being a consequence of the action of ACTH on 
the state of alertness or defensive motivation. Another and 
more general model would be to consider that ACTH, in- 
jected in a training or extinction procedure, acts through its 
own reinforcing properties, interfering with the particular 
reinforcer being used. 

The present study was conducted to determine if a dose 
dependent positive or negative reinforcing effect due to 

ACTH administration occurs and to evaluate the ability of 
rats to learn and maintain the intravenous self-administration 
of ACTH. 

METHOD 

Adult male Wistar rats, weighing 360 ___ 5 g at the begin- 
ning of the experiment, were used. They were implanted 
with a chronic intrajugular catheter, according to the tech- 
nique of Steffens [20]. The animals were placed in cylindrical 
home cages and were equipped for intravenous self- 
administration which allowed free movement despite the 
chronic catheter. A motor driven syringe was activated by 
pressing a lever which the rats had access to at all times. 
The syringe was inactivated upon the cessation of pressing. 
Each lever-press delivered the solution contained in the 
syringe through the catheter at a flow rate of 0.25 ml/min. A 
24-hr record of lever-pressing made it possible to determine 
the amount and temporal pattern of self-administration. 
Food and water were available at all times. In some rats 
(N=13 rats) the feeding pattern was also recorded by a 
food-cup weighing device. 

Experiment 1 

A solution of ACTHt_.,4 (Ciba-Geigy) diluted in isotonic 
saline at a concentration of 500/xg/ml was used. Each lever 
press delivered 2.08/zg of ACTH per second. 

In the first group, 13 rats were initially trained during 
8 days to press the lever, reinforced by the contingent de- 
livery of the ACTH solution and then shifted to reinforce- 
ment during 5 days on a pure isotonic saline solution. In a 
second group, 13 rats, initially trained during 8 days on a 
saline solution, were shifted during the 5 subsequent days to 
ACTH. 
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Experiment 2 

Twenty-three rats were initially tested during 8 days for 
self-administration of ACTH~_.,4 solution at 500 p,g/ml. They 
were then tested during the 5 subsequent days, with either a 
concentrated solution of ACTH, 24 at 1000 tzg/ml ( N = I 0  
rats, Group I), or a diluted solution of 250 p,g/ml (N= 13 rats, 
Group 2). 

Experiment 3 

Using the same experimental procedure,  described for the 
two preceding experiments,  18 rats were tested during 8 days 
with an ACTH4 ,,) solution at 500/zg/ml (ORGANON),  in- 
stead of  the ACTH, 24 analogue. 

RESULTS 

Experiment 1 

The distribution of the mean daily amount of ACTH self- 
injected by the 26 rats, initially trained either with ACTH or 
with saline, is illustrated in Fig. 1. A pronounced bimodal 
distribution is conspicuous. Eleven rats, 4 belonging to the 
first group, and 7 to the second group, pressed on the lever 
delivering ACTH less than 60 sec per day; thus they obtained 
less than 0.25 ml of  solution, corresponding to 125 /,tg of 
ACTH. The same 11 rats, contrary to the other 15 rats, also 
self-injected less than 0.25 ml per day of  the control saline 
solution, offered prior to or after ACTH. Thus 11 out of 26 
rats were "non-responding" in that they did not learn to 
press the lever, when reinforced either by ACTH or by pure 
saline solution. The recorded 0 to 60 sec of lever-pressing per 
day was a random effect. 

The 9 rats of the first group that were initially trained on 
ACTH reinforcement which learned to press more than 60 
sec per day immediately exhibited a consistent daily rate of 
ACTH self-injection. This contrasted with the progressive 
increase in lever-pressing observed for the 6 rats of  the sec- 
ond group, initially trained on the saline solution. The daily 
cumulated intake of ACTH or of saline, resulted from suc- 
cessive short bouts of lever-pressing each lasting from 15 to 
20 sec. These bouts were irregularly distributed over-time, 
but occurred almost exclusively during the night. In rats, 
whose feeding pattern was simultaneously recorded, no clear 
relation between the meal and lever-pressing pattern was 
apparent. 

For the 15 rats which effectively learned to press for 
ACTH and also pressed for a substantial amount of  saline 
prior to or after ACTH, the sustained amounts of ACTH 
obtained daily were remarkably grouped within the range of 
250 to 375 t~g (Fig. l). Comparisons with the saline intake in 
the ACTH-saline and saline-ACTH groups demonstrate the 
specificity of the reinforcing effect of ACTH (Fig. 2). The 9 
rats of the ACTH-saline group when shifted from ACTH to saline 
dramatically and significantly reduced their daily intake vol- 
ume. For  6 rats of the saline-ACTH group the mean level of 
daily ACTH self-administration during the 8 days was within 
the range of 250 to 375 tzg. Among these 6 rats initially 
trained on saline, 2 rats significantly decreased their intake 
volume when shifted from saline to ACTH. Therefore only 4 
of the 6 rats came to obtain a daily amount of ACTH in the 
range of 250 to 375/zg per day (Fig. 2). 

Experiment 2 

Among the 23 rats initially trained on the ACTH solution 

.......... lii, iii t 
1200 

] J g  ACTH 
1 - 2 4  

FIG. i. Distribution of mean daily amounts of self-injected 
ACTHj ,_,~ in 26 rats. * Rats initially trained with ACTH reinforce- 

ment. /~ Rats initially trained with saline reinforcement. 
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FIG. 2. Individual daily self-injection of saline (*) and of ACTH~_..,~ 
(O) in 15 responding rats. On the left: rats initially trained with 

ACTH; on the right: rats initially trained with NaCl. 

of 500 /~g/ml, 12 rats learned the lever-pressing response. 
Most of them attained, as did the rats in the first experiment,  
a mean daily amount of 250 to 375/~g of ACTH. Among six 
responding rats of Group l ,  3 rats significantly reduced their 
daily intake volume, upon increased concentration of the 
ACTH solution. One rat increased, and 2 maintained their 
intake volume. Among six responding rats of Group 2, 2 rats 
significantly increased their daily intake volume upon ACTH 
dilution. The 4 remaining rats either decreased or maintained 
their daily intake (Fig. 3). 

Thus, all rats but 3 altered their intake volume under the 
influence of changing the ACTH solution's concentration. 
Five responded in the compensatory direction by decreasing 
their intake upon increased concentration (N=3 rats), or in- 
creasing their intake upon dilution (N--2 rats). These latter 
animals reestablished the previous level of their daily abso- 
lute intake of ACTH. In Group 2, 2 rats suppressed their 
self-administration upon dilution. This loss of  the response 
might be interpreted as a threshold effect. Eleven rats, non- 
responding on the initial solution, persisted in their non- 
response when tested on either the concentrated or the di- 
luted solution. 

Experiment 3 

Among the 18 rats, 8 were non-responding, and 10 learned 
the self-injection of ACTH~_.,. On this analogue, they estab- 
lished a sustained daily self-administration pattern, corn- 
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FIG. 3. Responses of 12 rats to a change of the initial concentration 
of ACTH solutions (.k). (~): On the left, responses to an increased 

concentration. On the right, responses to dilution. 
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FIG. 4. Distribution of mean daily amounts of self-injected 
ACTH~ .~ in 18 rats. 

parable to that obtained in the preceding experiment with 
ACTH,-24. However ,  the individual mean daily amounts of  
intake were distributed over a broader  range than that ob- 
served with the adrenally active analogue (Fig. 4). 

D I S C U S S I O N  

The results of  these three experiments demonstrate that 
rats offered to press a lever ad lib in their home cage, learn 
the operant  response when reinforced by the intravenous 
delivery of either ACTH~_24 or ACTH~ 10 analogue. The 
finding that 46% of  rats,  in the three experiments,  did not 
learn the response is not surprising. In other self- 
administration experiments using reinforcers such as Insulin 
[15], a proportion of  rats also failed to press  the lever and 
thus did not exhibit a sustained self-injection pattern. The 
fact that in Experiment 1 only the rats which failed to press 
for ACTH also failed to press for NaCI solution suggests two 
possible interpretations. Either these rats were deficient in 
their learning abilities or, more likely, the implanted cardiac 
catheter produced a contingent painful stimulation, which 
could have counteracted the learning of a positive response. 

When elicited, the lever-pressing for ACTH appears to be 
a specific response to the ACTH solution. This specificity is 
substantiated by three facts: (1) The daily amounts of ACTH 
solution obtained by rats were distributed over a relatively 
narrow range of doses. Such consistency contrasts with the 
wide interindividual variations observed in the same rats and 
commonly in others, with a control NaCI solution. (2) Rats of 
the first experiment when shifted from ACTH to saline or 
from saline to ACTH changed or maintained the response 
which confirmed the specificity of action for a particular 
dose range of ACTH. (3) The change in response in the major- 
ity of  rats when the concentration of the solution was in- 
creased or decreased also confirmed that rats respond to the 
ACTH content of the solution and not to the vehicle. The 
self-administration of the adrenally inactive 4--10 analogue 
(Experiment 3) demonstrated that the self-administration ot 
ACTH,_~4 in the two preceding experiments was not due to 
adrenocortical stimulation. Thus, it may be assumed that the 
reinforcing property of both analogues is related to the direct 
brain activity of the neuropeptide. 

The self-injected doses of  both analogues in each succes- 
sive short bout are considerably higher than the amount of 
pituitary ACTH found and measured in the blood (100 pg/ml) 
[18]. However,  the daily values of self-administration indi- 
cate that within each bout of lever-pressing and from bout to 
bout there exists an optimal positively reinforcing dose 
which results in a daily self-administration of  250 to 375 tzg of 
ACTH, ~4 and 158 to 737/xg of ACTH__,~. The lower and 
upper limits suggest a threshold and a ceiling of  the positive 
reinforcing effectiveness. The upper limit also suggests a 
possible negative reinforcing or  aversive effect of yet higher 
doses. An inverted U-shape curve of a dose-dependent 
facilitatory-inhibitory effect of post-trial injections of ACTH 
in either approach or avoidance learning, has been demon- 
strated by other investigators [12,14]. 

The finding that ACTH acts as a positive or eventually 
aversive reinforcer in a self-administration paradigm sup- 
ports the hypothesis that the same reinforcing activity of 
ACTH is involved in the previously reported behavioral ef- 
fects. This also indicates that the stress-induced release of 
ACTH can act directly on the brain not only by enhancing a 
motivational state but also by acting on brain rewarding or 
aversive systems. It has also been shown that rats previously 
treated with dexamethasone,  which blocks pituitary ACTH 
release, demonstrated an impairment in their ability to learn 
an illness-induced taste aversion [13,19]. 

Whether ACTH acts on a diffuse brain rewarding system 
as observed during electrical self-stimulation and/or on spe- 
cific receptor sites such as endogenous opiate receptors has 
yet to be determined. It has been suggested that ACTH inter- 
feres with opiate receptors and thereby modulates the 
aversive-pain mechanism. Preliminary results which indicate 
that Naloxone acutely and strongly inhibits ACTH intrave- 
nous self-administration are consistent with this interpreta- 
tion. 
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