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 OPEN ACCESS 

Considerable attention has been given to the 
apparent similarities between nicotine’s effects and 
those of cocaine and other addictive drugs on brain 
reward systems. These apparent similarities ignore 
important quantitative differences. Indeed, the 
effects of nicotine on brain reward systems has been 
shown consistently to be significantly weaker than 
the effects produced by prototypic addictive drugs 
such as cocaine.

Epping-Jordan et al. [1] reported “dramatic decreases in brain 
reward function during nicotine withdrawal.” The title of their 
article (quoted in the preceding sentence) aptly illustrates a major 
problem with much of the research reported in this area-what is 
considered “dramatic” seems dictated more by a political agenda 
than by empirical evidence. The threshold elevations reported 
following nicotine withdrawal are modest not “dramatic” 
compared to the threshold elevations produced by other 
experimental manipulations (e.g., neuroleptic treatment). The 
authors also state that nicotine produces an effect “comparable 
in magnitude . . . to other major drugs of abuse.” Again, this 
is incorrect. Their own published work shows that cocaine 
withdrawal produces about a 100% threshold elevation, [2-3] 
while nicotine withdrawal produces only about a 40% threshold 
elevation. The difference in these effects is actually greater than 
the threshold elevations seen during nicotine withdrawal.  

We have also seen threshold elevations following termination 
of high-dose nicotine administration, but the magnitude of this 
effect remains substantially less than that seen with cocaine 
withdrawal. Using an experimental procedure that measures 
the threshold for rewarding electrical stimulation in laboratory 
rats, termination of a series of high-dose nicotine injections was 
shown to elevate thresholds by about 16% [4] while cocaine 
withdrawal increased thresholds by about 34% [5]. Although this 
effect is much weaker than that reported by Epping-Jordan et al. 
[1]the difference in threshold elevations produced by cocaine 
and nicotine withdrawal is about the same—nicotine withdrawal 
produces about half the magnitude of threshold elevations as 

that produced by cocaine withdrawal. The differences in absolute 
magnitudes reported by us [4, 5] and the other research group 
[1-3] probably result from using different drug administration 
regimens.

The important quantitative differences are perhaps even 
better illustrated by considering both the activating and 
inhibiting effects of these compounds on brain reward systems. 
The figure shows the maximum threshold lowering [6] and the 
maximum threshold elevations [4-5] produced by cocaine and 
nicotine. Threshold reductions are interpreted as indicating 
activation of brain reward mechanisms and are produced by 
the direct pharmacological actions of these compounds, while 
threshold elevations are interpreted as indicating decreased 
brain reward function and are produced by terminating repeated 
administration of these compounds. Cocaine administration 
and withdrawal clearly produce much stronger activating and 
inhibiting effects, respectively. Similar quantitative differences 
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Figure 1 Maximum threshold reductions and elevations produced by 
substance administration and withdrawal, respectively. Decreased 
thresholds suggest an activation of brain reward mechanisms, while 
increased thresholds suggest a reduction of brain reward function. 
Cocaine clearly produces much stronger reward enhancing and 
inhibiting effects than nicotine. (Cocaine data are from Bozarth & 
Pudiak, 1991; nicotine data are from Bozarth & Pudiak, 1998).
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are seen when comparing the effects of cocaine and nicotine 
on other putative measures of brain reward system activation, 
but these data have also been interpreted emphasizing the 
similarities while ignoring important quantitative differences[7]. 
[Figure1]

Scientists that ignore quantitative comparisons of a 
compound’s effects on brain reward systems are forgetting 
a fundamental assumption of this line of research-a major 
component of the rewarding effects produced by some addictive 
drugs is believed to derive from their actions on brain reward 
systems involved in natural rewards and motivation[8-10]The 
actions of natural rewards on these brain reward systems are not 
viewed as addictive, and nicotine’s effects on these systems are 
modest and more similar to natural rewards that to prototypic 
addictive drugs. Other factors (e.g., nicotine’s interactions with 
social factors or personality traits) must be important in cases 
where the motivation for tobacco use exceeds the normal 
motivations an individual experiences for natural rewards.

REFERENCES
1. Epping-Jordan MP, Watkins, S. S., Koob, G. F. & Markou, A. Dramatic 

decreases in brain reward function during nicotine withdrawal. 
Nature. 1998; 393: 76-79.

2. Markou A, Koob GF Postcocaine anhedonia: An animal model of 

cocaine withdrawal. Neuropsychopharmacology. 1991; 4: 17-26.

3. Markou A, Koob GF Bromocriptine reverses the elevation in 
intracranial self-stimulation thresholds observed in a rat model of 
cocaine withdrawal. Neuropsychopharmacology.1992; 7: 213-224.

4. Bozarth MA, Pudiak CM, Kuo Lee R Effect of chronic nicotine on brain 
stimulation reward: II. An escalating dose regimen. Behav Brain Res. 
1998; 96: 189-194.

5. Bozarth MA, Pudiak CM An animal model of cocaine withdrawal using 
brain stimulation reward. Soc. Neurosci. Abstr.1991; 17: 684.

6. Bozarth MA, Pudiak CM, KuoLee R Facilitation of brain stimulation 
reward by mildly psychoactive substances: A quantitative comparison 
with prototypic addictive drugs. Soc Neurosci. Abstr. 1995; 21: 1952.

7. Pich EM, Pagliusi SR, Tessari  M, Talabot-Ayer D, Hooft van Huijsduijnen  
R , et al. Common neural substrates for the addictive properties of 
nicotine and cocaine. Science.1997; 275: 83-86.

8. Wise RA, Bozarth MA A psychomotor Stimulant theory of addiction. 
Psychol Rev. 1987; 94: 469-492.

9. Bozarth MA. The mesolimbic dopamine system as a model reward 
system. In P. Willner and J. Scheel-Krüger (Eds.).The mesolimbic 
dopamine system: From motivation to action. London: John Wiley & 
Sons.1991: 301-330.

10. Robbinson TE, Berridge KC The neural basis of drug carving: An 
incentive-sensitization theory of addiction. Brain Res Brain Res 
Rev.1993;18: 247-291.

https://pubmed.ncbi.nlm.nih.gov/9590692/
https://pubmed.ncbi.nlm.nih.gov/9590692/
https://pubmed.ncbi.nlm.nih.gov/9590692/
https://pubmed.ncbi.nlm.nih.gov/2003866/
https://pubmed.ncbi.nlm.nih.gov/2003866/
https://pubmed.ncbi.nlm.nih.gov/1388645/
https://pubmed.ncbi.nlm.nih.gov/1388645/
https://pubmed.ncbi.nlm.nih.gov/1388645/
https://pubmed.ncbi.nlm.nih.gov/9821555/
https://pubmed.ncbi.nlm.nih.gov/9821555/
https://pubmed.ncbi.nlm.nih.gov/9821555/
https://pubmed.ncbi.nlm.nih.gov/8974398/
https://pubmed.ncbi.nlm.nih.gov/8974398/
https://pubmed.ncbi.nlm.nih.gov/8974398/
https://pubmed.ncbi.nlm.nih.gov/3317472/
https://pubmed.ncbi.nlm.nih.gov/3317472/
https://pubmed.ncbi.nlm.nih.gov/8401595/
https://pubmed.ncbi.nlm.nih.gov/8401595/
https://pubmed.ncbi.nlm.nih.gov/8401595/

	Quantitative Comparisons of Brain Reward Function during Nicotine and Cocaine Withdrawal
	Figure 1
	References

