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Thomasy discusses our recent finding that a phosphodiesterase 4B (PDE4B) inhibitor improves 

chronic learning and memory deficits after traumatic brain injury (TBI). Thomasy raises some thoughtful 

points regarding the interpretation that the improvements in cognition in the chronic recovery phase of 

TBI observed with PDE4B inhibition may be due to a reduction in tumor necrosis factor (TNF). We also 

carefully considered this interpretation which motivated the measurements of TNF and microglia cell 

morphology in the chronic recovery phase of TBI. Although these findings were negative and 

demonstrated no significant effect of PDE4B inhibition on these particular inflammatory mechanisms, we 

would like to further comment on this alternative interpretation of the data.   

The potential link between the improvements in learning and memory and TNF in the chronic 

recovery phase of TBI remains highly intriguing. Thomasy posited a valid issue, that we may have missed 

detecting TNF by not sampling at the peak of the diurnal cycle for TNF. In our study, TNF levels were 

sampled between 10 am and 2 pm, 4-8 hrs after light onset. This time frame corresponds to when the 

behavioral experiments were conducted, and when TNF levels are on the low end of the diurnal cycle 

(Floyd and Krueger, 1997). Sampling tissue at this time point in the diurnal cycle is a potential, valid 

explanation as to why we did not detect TNF in either sham or chronic TBI animals. Another possible 

limitation of our study is the minimum detection limit of the assay used to measure TNF. We used a 

commercially available ELISA (R&D Systems) with a minimum detectable level of 5 pg/mL, whereas a 

cytotoxicity-based bioassay detected TNF in the cortex of naïve rats at minimum levels of 25 pg/g (Floyd 

and Krueger, 1997). Levels of TNF as low as 1 nM impair hippocampal long-term potentiation (LTP), 

which corresponds to approximately 17 ng/mL (Tancredi et al., 1992). This is more than 3000-fold the 

minimum detection limit of the ELISA used in our study. We agree with Thomasy that our negative 

findings do not rule out the possibility that basal levels of TNF were affected by PDE4B inhibition. Given 

the emerging evidence that there is persistent inflammation after TBI, a more extensive inflammatory 

profiling will clarify if the cognitive improvements observed with the PDE4B inhibitor were due to 



effects on inflammation and TNF signaling (Acosta et al., 2013; Glushakova et al., 2014; Loane et al., 

2014). 

In consideration of a more parsimonious explanation for our findings, cAMP-response element 

binding protein (CREB) is well established to be involved in learning and memory (Bourtchuladze et al., 

1994). We demonstrate that PDE4B inhibition increased levels of phosphorylated CREB at 3 months after 

TBI. Additionally, PDE4B inhibition rescued the impairments in LTP maintenance, the phase of LTP that 

requires CREB-mediated gene transcription (Bourtchuladze et al., 1994). Based on these findings, we 

propose the interpretation that chronic treatment with the PDE4B inhibitor reduced TBI-induced learning 

and memory impairments by rescuing CREB signaling deficits in the hippocampus. 
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