
We are grateful for Rothwell and Lammel’s excellent and thoughtful review of our recent article.  
In addition to their summary, they cogently discuss a number of additional important questions 
worthy of further investigation, all of which we agree with.  Indeed, more information is needed 
on the roles of additional circuitry related to the LHb, including its afferents and efferents to 
other targets.  Rothwell and Lammel and others have already shown data on the LDTg (Lammel 
et al. 2012), but other targets in the raphe could also be noteworthy.  For example, previous 
studies have shown a strikingly intense LHb projection to the median raphe (Kim 2009), a region 
with very strong motivational effects of its own (Webb et al. 2012).  Rothwell and Lammel also 
note the heterogeneity of LHb response patterns, another issue that seems both intriguing and 
perplexing.  Our c-Fos data had suggested that the heterogeneity was strongly correlated with 
different efferent targets of LHb neurons, since RMTg-projecting neurons were an order of 
magnitude more likely to show cocaine-induced c-Fos immunoreactivity than VTA-projecting 
neurons.  However, as they point out, our slice recordings showed surprisingly few (2 out of 8) 
rebound activations in RMTg-projecting habenula neurons.  This is indeed a puzzling 
discrepancy, which we left largely unanswered in our original paper.  One possible explanation 
relates to preliminary data we have since obtained showing that cocaine-induced c-Fos in the 
LHb is greatly dependent on yet another LHb afferent that we hadn’t initially considered - that 
arising from the entopeduncular nucleus (EPN) (Hong and Hikosaka 2008; Shabel et al. 2012).  
If these newest c-Fos findings are confirmed by electrophysiological tests, it would suggest that 
LHb responses to cocaine are perhaps driven by EPN afferents that were severed in our slices.  
Such a result could explain the discrepancy in rebounding cell numbers between slices and 
whole-animal recordings, and might also shed light on the heterogeneity issue if the EPN 
neurons target some LHb neurons and not others. 
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