Behavioral and Genomic Effects of Adolescent Nicotine:

Biological Approaches to the Etiology and Consequences of Adolescent Smoking

Abstract

Recent animal work with several abused substances, including nicotine, has established that (a) many drugs have different actions on adolescents than on adults, (b) adolescent substance abuse can have long-term cognitive effects, and (b) adolescent substance abuse can trigger increased effort to consume another drug later in adulthood.  These findings in rats support the notion that biological effects of adolescent substance abuse may contribute to the etiology and consequences of  addiction in adolescents.  The principal investigator for the current proposal has been a leader in investigating effects of adolescent substance abuse in animal subjects, and has recently reviewed the emerging literature [Appendix IV].

The proposed work will seek to fill the current gap in our knowledge of  etiology and consequences of adolescent nicotine use, and to develop comparisons with other drugs of abuse, in three ways.  First, we will use recent advances in gene technology to create a database of effects of adolescent nicotine on gene expression, and compare gene expression effects of nicotine with those of alcohol and cocaine.  These data will characterize normal developmental changes in gene expression, and define and compare drug-induced changes in expression.

Second, we will extend current findings suggesting that drug use may act through biological mechanisms to encourage use of other drugs.  We will evaluate potency of nicotine, alcohol, and cocaine in supporting later consumption of cocaine, to ask whether the ‘gateway’ effect of nicotine has a biological substrate, and to compare this to effects of alcohol and cocaine.

Finally, we will evaluate whether any of these drugs induces long-lasting cognitive changes when consumed during adolescence, and, if so, the relative potency of each drug.

The proposed work will create the most complete genomic profile to date of normal adolescent development, and will also enable a direct determination of the effects of adolescent nicotine on the expression of genes, the determination of genomic effects of two other common adolescent drugs, and a direct comparison between nicotine effects and effects of alcohol and cocaine during adolescence.  These data should be helpful in defining biological effects of adolescent nicotine, and in substance abuse education, prevention, and treatment programs.

Behavioral and Genomic Effects of Adolescent Nicotine, Year 2

Abstract

The proposed work will build upon work completed in the first funding period.  First, not all work proposed in our original 1-year proposal could be completed in the 8 mos of initial funding.  We will use part of the funds proposed to complete behavioral and gene array work.  Second, we will build and expand on our original data in several ways, remaining within the original aim of comparing adolescent nicotine effects to those of two other addictive drugs, alcohol and cocaine.  The specifics of the additional studies will be influenced by the outcome of our current data collection.  In general, new studies for the second year will include:

· expanded behavioral data, including an assessment of emotional changes to complement our assessment of cognitive changes.  Essentially, this will be the rat equivalent of whether adolescent drug use alters ‘coping skills’ in adults.

· detailed statistical analysis of changes in gene expression.  Sample collection from the current year will yield a gene database of about 50 million items.  Our original proposal outlined plans in general for data analysis, but such a large database will provide a rich source of information to be explored for some time to come.

· detailed followup on gene expression changes, using in situ hybridization (ISH) techniques to localize changes in particular genes of interest.  Once particular genes of interest are identified from the genomic analysis, ISH can detail exactly which areas of brain have altered expression of that gene, and can easily investigate brain structures not included in our original samples.

· A detailed anatomical analysis of brain structural changes after adolescent drug exposure.  Behavioral changes after adolescent drug dosing implies a change in brain structure or function.  Our genomic study is the first analysis of functional changes; anatomy will be the first analysis of structural changes.  A postdoctoral fellow hired on a related grant brings expertise in neuroanatomy to this effort to identify changes in structural details of nerve cells.

· an evaluation of gene expression changes in adults previously exposed to adolescent drugs, to differentiate those animals whose behavior is seriously affected by adolescent drugs from those less affected.  Many, but not all, children who smoke continue to use tobacco as adults.  We do not currently know what biochemical differences distinguish those who continue to addiction from those who do not. 

· a combined dosing group [nicotine and alcohol] to investigate effects of a common adolescent consumption pattern.  Most toxicology studies investigate one drug at a time, but children and adolescents commonly combine alcohol and tobacco.  This study will evaluate effects of this combination on both behavior and genomic expression.

The proposal for the second year will permit completion of the work originally proposed for a 12 month period.  The new studies we propose will then substantially and significantly enlarge our knowledge of the mechanisms and consequences of adolescent use of nicotine, alcohol, and cocaine.  In this second year, we also anticipate that our data analysis will take us to the point where we can contribute useful information to substance abuse education efforts for children and adolescents.

