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Fig. 5. Artist’s illustration showing the mechanisms by which O3FAs may play a neuroprotective role after TBI.

TABLE 1: Proposed mechanisms of O3FAs

Mechanism Model O3FA Summary Reference

antioxidant
cell culture DHA increased glutathione peroxidase & glutathione reductase 

 activity
Wang et al., 2003

rat hippocampus fish oil decreased xanthine oxidase & nitric oxide levels Sarsilmaz et al., 2003
rat hypothalamus fish oil decreased superoxide dismutase activity, decreased nitric 

 oxide & tissue malondialdehyde levels
Songur et al., 2004

gerbil ischemia DHA increased glutathione peroxidase & catalase levels Cao et al., 2004
antiinflammatory

cell culture EPA inhibition of downstream JNK pathway Lonergan et al., 2004
platelet assay EPA EPA inhibition of COX & lipoxoxygenase Needleman et al., 1979

reduction in excitotoxicity
rat nucleus basalis fish oil increased cholinergic neuron survival following NMDA chan- 

 nel activation
Högyes et al., 2003

cell culture DHA inhibition of glutamate-induced cytotoxicity Wang et al., 2003
cell culture linolenic acid activation of potassium channels TREK & TRAAK Lauritzen et al., 2000

mitochondrial protection
rat hippocampus fish oil increased ubiquitous mitochondrial creatine kinase Wu et al., 2007

protective mediators
rat ischemia DHA increased neuroprotectin D1 levels Bazan, 2005
rat ischemia linolenic acid increased heat shock protein levels Blondeau et al., 2002
rat hippocampus fish oil increased Sir2 level Wu et al., 2007

neurogenesis
cell culture DHA increased neuron population, increased neurite length Calderon & Kim, 2004
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through retinoid receptor signaling.14 DHA can lead to 
the formation of mediators such as 10,17S-docosatriene 
(neuroprotectin D1), an endogenous compound with an-
tioxidant1 as well as antiinflammatory20 effects. EPA in-
creases the levels of resolvins, thus further decreasing the 
intensity of the inflammatory process.28 In hippocampal 
neurons, O3FAs have neurite growth–promoting effects.5 
A recent finding shows reduction in the levels of Sir2 and 
energy metabolic markers following O3FA supplementa-
tion. Sir2 is believed to have neuroprotective abilities in 
a traumatically stressed environment by reducing oxida-
tive stress in the hippocampus. Sir2 can detoxify reactive 
oxygen species and modulate brain energy metabolism to 
ensure optimal neuron survival.37

The numerous proposed mechanisms of action of 
O3FAs demonstrate that the biochemical pathways may 
either be unknown or multiple in their effects of reduc-
ing traumatic axonal damage. However, the most likely 
manner in which these positive effects are mediated ap-
pears to involve stabilization of the cellular environment 
to reduce reactive oxygen species and modulate contin-
ued energy production. Our findings are consistent with 
previous research that has demonstrated that O3FAs are 
protective against cellular injury. Furthermore, this study 
demonstrates that O3FAs ameliorate axonal injury when 
administered following injury, a finding of clinical im-
portance not previously reported.

Omega-3 fatty acid preparations have been previously 
shown to be safe and well tolerated by patients in several 
diseases.25,27 Lipid emulsions are already given as nutri-
tional support to a variety of patients in critical care set-
tings.4 Ultra-refined fish oil concentrates containing high 
quantities of EPA and DHA are commercially available, 
increasing the ease with which they could be translated 
into clinical use in TBI. Administration of O3FAs after 
brain trauma as a neuroprotective and injury-ameliorat-
ing treatment deserves consideration and further clinical 
investigation as a promising and innovative approach in 
TBI management.

Conclusions
Dietary supplementation with O3FAs increases se-

rum levels of these same fatty acids. Omega-3 fatty acid 
supplementation significantly reduces the number of 
APP-positive axons at 30 days postinjury to levels similar 
to those in uninjured animals. Omega-3 fatty acids are 
safe, affordable, and readily available worldwide to po-
tentially reduce the burden of TBI.
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