
R E P O R T S  

sion (co~npare SVPgal and SVH2Pgal) (Fig. 
3E), consistent with the in vitro translation data 
of Fig. 3D. Expression of the luciferase reporter 
was also not inhibited by H33342 (19). How- 
ever, H33342 reduced @-galactosidase activity 
from SVH2PGal by greater than 90% in a 
dose-dependent fashion (Fig. 3E). 

We have described how a small molecule 
and its RNA apta~ner can be used to design a 
translation switch for controlling gene expres- 
sion in living cells. The results also establish the 
possibility of using small molecules to regulate 
expression of endogenous genes. 
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Transition from Moderate to 
Excessive Drug Intake: Change 

in Hedonic Set Point 
S. H. Ahmed* and C. F. Koob 

Differential access to cocaine self-administration produced two patterns of drug 
intake in rats. With 1 hour of access per session, drug intake remained low and 
stable. In contrast, with 6 hours of access, drug intake gradually escalated over days. 
After escalation, drug consumption was characterized by an increased early drug 
loading and an upward shift in the cocaine dose-response function, suggesting an 
increase in hedonic set point. After 1 month of abstinence, escalation of cocaine 
intake was reinstated to a higher level than before. These findings may provide an 
animal model for studying the development of excessive drug intake and the basis 
of addiction. 

A critical problem in drug addiction research 
is to understand the differences between con- 
trolled and uncontrolled drug use, the latter 
being an essential feature of drug addiction 
(I,  2). These two patterns of divg use may be 
observed si~nultaneously in different individ- 
uals or they may represent successive stages 
in the same individuals. The transition from 
drug use to addiction often involves a gradual 
process of escalated drug intake, whereby 
an individual's consumption becomes ex- 

aggerated with chronic exposure to a drug 
(2). Because escalation of drug use defines 
a common feature of drug addiction; the 
study of the factors that govern its devel- 
opment may help to explain the transition 
from drug use to drug addiction. 

In animal models of drug self-administra- 
tion, availability plays a role in determining the 
patteln of dlug intake, as suggested by different 
studies with different dlug access conditions 
(3). Nu~nerous studies have restricted drug ac- 
cess to a few hours per day and produced a 
regular and stable pattern of consumption. In 

Division o f  Psychopharmacology, Department o f  Neu- 
ropharmacology, CVN-7, The Scripps Research Insti- contrast. others have shown that, with continu- 
tute,  10550 Nor th  Torrey Pines Road, La Jolla, CA OUS access to the h g ,  different patterns of drug 
92037, USA. intake develop, including the binge-like pat- 
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mail: aserge@sage.scripps.edu both animals and humans (3, 4). Unknown, 
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however, are the mechanisms responsible for 
escalation of drug intake that may set the stage 
for addiction. Here, we directly assessed the 
effect of the history of drug use on cocaine- 
taking behavior and have begum to characterize 
the factors responsible for the development of 
escalation of cocaine use and its reversal and 
relapse. 

The duration of access to cocaine (250 pg 
per infusion) dramatically influenced intake (5).  
With short access (SlA), cocaine intake re- 
 naill led stable over time. whereas with long 
access (LgA), cocaine intake gradually escalat- 
ed fiom 71 to 110 infusions (Fig. 1A). Escala- 
tion of cocaine use appeared as early as the first 
hour of access to the drug (Fig. lB), which rules 
out an acute within-session tolerance (6) .  Fur- 
thermore. increased cocaine use did not result 
fronl an increase in general activity (7). Within 
the first hour, the temporal course of cocaine 
intake was unchanged in ShA rats with repeated 
testing (Fig. 1C); in LgA rats with repeated 
testing, cocaine intake increased dramatically 
the first 10 min and then dropped and stabilized 
at a larger amount (Fig. ID). This increased 
dnlg-loading behavior may reflect an acquired 
"need state" for a higher level of cocaine intox- 
ication (I). 

To establish the generality of these obseiva- 
tions and to further detem~ine the nature of the 
changes underlying increased cocaine use. es- 
calated intake was produced in a different ex- 
perimental condition (8). Again, changing the 
duration of drug availability induced two pat- 
teins of cocaine intake (Fig. 2, A and B). Es- 
calation of total cocaine intake showed no sign 
of stabilization even after 22 sessions of self- 
administration (Fig. 24) .  Moreover, the tempo- 
ral pattern of cocaine intake in LgA rats peaked 
in the first 10 ~ n i n  and then dropped to stabilize 
at an amount higher than that in S1A rats. 
Therefore; escalated cocaine use is a robust 
phenomenon that is observable under different 
experimelltal conditions. 

In the simple reinforcement schedule used 
here. the cocaine dose-response curve has a 
negative slope; above a certain threshold 
dose, an increase in the unit dose produces a 
proportional decrease in self-infiisions (9) .  
This phenomenon suggests that the animals 
regulate their intoxication around some en- 
dogenous reference or "hedonic set point" (1, 
9).  It is possible that escalated cocaine use 
results from elevation of a hedonic set point, 
a hypothesis consistent with the dramatic 
drug-loading behavior described previously 
(Fig. ID). This hypothesis also predicts that 
the entire dose-response cuive should be 
shifted upward after escalation. Although 
dmg tolerance (or even sensitization) could 
account for some aspects of increased use, 
phan~~acological tolerance or sensitization 
usually reflects a change in di-ug sensitivity 
that translates into a horizontal shift of the 
dose-response curve either to the right (toler- 

ance) or to the left (sensitization) (10, 11). 
To test these predictions, we examined a 

wide range of cocaine doses (12). Decreasing 
the dose produced an increase in cocaine 
self-infusions (Fig. 2C), a phenomenon that is 
ti-ue for both ShA and LgA rats. This com- 
pensatory process ceased abruptly when the 
dose was too low to maintain responding 
(that is, when responding for this dose \?;as 
similar to responding for vehicle, indicated 
by the broken line in Fig. 2C). Importantly. 
the min i~nu~n  dose able to maintain cocaine- 
taking behavior (31.25 pg per infusion) did 
not differ between groups. suggesting that 
drug sensitivity was unchanged (Fig. 2C). In 
fact, escalated cocaine use produced an up- 
ward shift without a horizontal shift in the 

Fig. 1. Effect o f  drug 
availability on  cocaine in- 
take (mean i SEM). (A) 
In LgA rats (n = 6) but  
not  in  ShA rats (n = 7), 
to ta l  cocaine intake start- 
ed t o  increase significant- 
l y  f rom the f i f th  session 
(P < 0.05; sessions 5 t o  
12 compared w i th  session 
1) and continued t o  in- 

dose-response cuiT7e. At all doses tested 
above the threshold. LgA rats self-adminis- 
tered Inore cocaine than ShA rats (Fig. 2D). 
This effect did not result from an increase in 
general activity, because both groups re- 
sponded similarly for vehicle (12). These 
findings suggest that escalated cocaine use 
results from a change in the hedonic set point 
for cocaine instead of from a simple change 
in sensitivity to the drug (1). This change 
induced by increasing drug availability sug- 
gests that an even longer access to the drug 
could lead to a further increase in set point. 

To assess the persistence of escalated co- 
caine use, dmg access was interrupted for 35 
days and then restored (13). In ShA rats, 
abstinence had no effect on cocaine intake 
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Fig. 3. Relapse t o  escalated co- 
caine use after abstinence. Dur- 
ing the initiation phase (left), es- 
calated cocaine use in LgA rats (n 
= 5) was significant after session 
19 (P < 0.05). During reinstate- 
ment  (right), escalated cocaine 
intake in  LgA rats was fully rein- 
stated after only six reinstate- 
ment sessions (P < 0.05). The 
session-by-session fluctuation 
observed in ShA rats (n = 6) 
during reinstatement was no t  
significant (simple main effect). 
*, P < 0.05 (Student's t test 
after appropriate one-way and 
two-way analysis o f  variance). 
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INITIATION OF ESCALATION REINSTATEMENT 

(Fig. 3). In contrast, in LgA rats, cocaiile potential mechanism for ~ncreased drug use. 
intake dropped to the quantity observed in Animals, and perhaps human addicts, inay 
ShA rats after abstinence: indicating a com- take more .cocaine after escalated intake not 
plete recovery from prior increased cocaine because they are simply tolerant to ~ t s  re- 
use. However. escalated cocaine intake was warding effects but because they are trying to 
reinstated by reexposing rats to the LgA reg- reach and the11 to maintain a higher state of 
imen. In the same rats. reinstatement of esca- intoxication. Certainly, tolerance. as classi- 
lated cocaine intake was more dramatic than cally defined. may contribute to this allostatic 
when it was originally established (compare dysregulation; however. the current hypothe- 
Fig. 3: left and right). This suggests that, sis is that an increase in hedonic set point 
although abstinence promotes a short-lived would characterize the transition to the ad- 
retuim to previous levels of use, a history of dicted state (I)  
drug escalation facilitates the relapse. The Finally. the temporal course of escalated 
return of cocaine use to baseline during ab- dmg use suggests that the "switch mecha- 
stinence is reminiscent of a reversal of toler- nism" of the transition to drug addiction inay 
ance; however; the more dramatic escalation be gradual rather than abmpt. This is consis- 
observed during reinstatement is more con- tent with the slow accumulation of some 
sistent with an allostatic dysregulation in he- drug-responsive gene products in the brain 
donic set point (I)  described recently during chronic exposure to 

This study deinonstrates the existence of cocaine (14). As shown by the dramatic re- 
two pattelns of cocaine-taking behavior. Rats instatement of escalated cocaine use after 
allowed shost access to cocaine maintained a abstinence. past of these modifications are 
stable and low intake for many weeks, and long lasting. Analysis of the brain changes 
this demonstrates that self-administering a responsible for the escalation in self-admin- 
dmg repeatedly does not lead obligatorily to a istration of cocaine obseived in this animal 
process of escalated use analogous to that model may help to explain the chronic, re- 
described in human drug addicts. This obser- lapsing nature of drug addiction 
vation shows the limitatlolls of equating 
dug-taking behavior per se with drug addic- - - - 
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