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Introduction
Each year millions of Americans seek acute care for mild traumatic 

brain injury (mTBI), which is often associated with a range of 
debilitating sequelae including cognitive, behavioral, emotional, and 
motor deficits [1]. New evidence indicates that neuroinflammatory 
responses, excitotoxicity, and oxidative stress may directly contribute 
to the emergence and maintenance of these chronic postconcussive 
symptoms (PCS) [2]. In instances of traumatic axonal injury, 
accumulations of tau and amyloid peptides can form, which may be 
an early sign of neurodegeneration linked to dementia and Alzheimer’s 
disease [3]. Given the multiple mechanisms underlying PCS, it is 
reasonable to suggest that successfully preventing or attenuating PCS 
cannot be accomplished via pharmacological agents with a single 
mode of action. Herein, we propose that a combination of natural 
compounds and intergrative therapies with systemic effect may provide 
a comprehensive treatment strategy for addressing the secondary injury 
following mTBI.

Omega-3 Fatty Acids
Alpha-linolenic acid (ALA), docosahexaenoic acid (DHA), and 

eicosapentaenoic acid (EPA) make up the omega-3 fatty acids, and play 
a critical role in regulating neuroinflammation, modulating glutamate 
cytotoxicity, protecting against oxidative stress, and maintaining 
membrane and synaptic integrity [4]. Omega-3 fatty acids also support 
the promotion of axonal regeneration and neurogenesis following 
mTBI through the increase of cAMP response element-binding protein 
(CREB) and brain-derived neurotrophic factor (BDNF) [5]. In animal 
models of Alzheimer’s disease, supplementation with omega-3 fatty 
acids was related to increased improvements in global cognition, 
reduced concentrations of phosphorylated tau, and decreased soluble 
concentrations and neuronal accumulations of amyloid peptides [6]. 
These findings are of particular interest to our group because we have 
linked elevated concentrations of pro-inflammatory cytokines, tau, 
and amyloid-beta 40/42 to chronic PCS, which may contribute to the 
formation of neurofibrillary tangles and white matter changes indicative 
of early onset Alzheimer’s disease following mTBI [7].

Curcumin
Curcumin is the active ingredient in turmeric, which has been used 

for centuries in traditional medicine to treat inflammatory diseases. 
Curcumin has potent anti-inflammatory and antioxidant effects that 
contribute to reduced neuronal excitotoxicity, increased neurogenesis, 
decreased lesion size, and improved cognitive function in animal 
models of mTBI [8]. As a potent free radical scavenger, studies have 
shown that curcumin inhibits the formation of reactive oxygen species, 
superoxide anion and hydroxyl radicals, and enzymes that catalyze 
pro-oxidant pathways, such as cyclooxygenase [9]. Oxidative stress can 
damage plasma membrane phospholipids, thereby interfering with the 
contribution of dietary omega-3 fatty acids to membrane stability. The 
addition of curcumin can therefore optimize the beneficial effects of 
dietary omega-3 as a therapeutic agent. Curcumin has also been shown 

to block the formation of amyloid-beta oligomers, prevent amyloid 
accumulation, and reverse existing amyloid pathology in animal 
models of Alzheimer’s disease [8]. 

Resveratrol 
Resveratrol is a stilbenoid found in the roots of polygonum 

cuspidatum, as well as red wine, grapes, berries, and peanuts. 
Importantly, resveratrol has a good bioavailability and can cross the 
blood brain barrier, which is an advantage over curcumin. As a potent 
anti-inflammatory and antioxidant agent, resveratrol has been shown to 
reduce neuroinflammation and promote neuroprotection in numerous 
in-vitro and preclinical paradigms by targeting multiple inflammatory 
pathways, including NF-κB, mitogen-activated protein kinases 
(MAPK), inducible nitric oxide synthase (iNOS), and cyclooxygenase 
(COX-2) [10]. Relevant to neurodegenerative processes, resveratrol has 
been shown to reduce microglial activity and plaque density in animal 
models of Alzheimer’s disease [11]. There is a paucity of research on 
the role of resveratrol on tauopathies in mTBI; however, its link to 
reductions in neuroinflammation and oxidative stress provides support 
for its potential to impede tau accumulation and neurofibrillary tangle 
formation, especially when part of a combined therapy.

Exercise
Exercise is the single most effective way of enhancing neurogenesis. 

More specifically, exercise has been found to increase levels of BDNF 
and glial cell line-derived trophic factor (GDNF), two key growth factors 
that support the survival of existing neurons and encourage growth 
and differentiation of new neurons and synapses in the cortex, basal 
forebrain, and hippocampus—brain regions implicated in executive 
function, learning, and memory. Moreover, exercise appears to support 
metabolic pathways that preserve DHA in the plasma membrane, 
which suggests that a combined treatment of dietary omega-3 fatty 
acids and exercise has additional therapeutic potential to attenuate 
the deleterious effects of mTBI on neurodegeneration and cognitive 
function [12]. Endorphins produced during exercise act as a potent 
antidote to cortisol, which may help to combat psychological stress 
associated with mTBI. Additionally, yoga may offer additional benefits 
of improved emotional regulation and enhanced motor coordination.
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Meditation
There is an ever-growing body of scientific evidence to support 

the vast benefits of meditation, including the possibility of preserving 
cognition and preventing dementia and Alzheimer’s disease. 
Meditation may decrease stress-induced cortisol secretions, which 
have neuroprotective effects via elevated BDNF levels. Furthermore, 
meditation may potentially lower oxidative stress, improve lipid 
profile integrity, strengthen neuronal circuits, and enhance cognitive 
reserve capacity, all which provide support for a reduced risk for 
cerebrovascular disease and age-related neurodegeneration [13]. 
Mindfulness-Based Stress Reduction (MBSR), one of the most widely 
used mindfulness programs, has been associated with changes in gray 
matter volumes in brain regions involved in self-awareness, emotional 
regulation, learning, and memory. Compassion meditation may help 
modulate limbic brain structures associated with emotional regulation, 
and focused breathing exercises before bed may increase melatonin 
levels, which seem to improve sleep quality. In participants with mTBI, 
meditation improved mental fatigue, cognitive function, self-efficacy, 
and quality of life, as well as reduced symptoms of depression [14].

Neurofeedback
Neurofeedback is a type of EEG biofeedback whereby an individual 

can improve brain function through intensive brain training exercises. 
Results, although only preliminary, suggest that neurofeedback is linked 
to increases in cortical grey matter and cortical white matter tracts, as 
well as improvements in attention, problem solving, and short and 
long term memory deficits. Several studies indicate that neurofeedback 
results in greater functional improvement compared with other forms 
of rehabilitation, including, traditional strategies, computerized tasks, 
and prescription medication [15]. Neurofeedback may have the 
potential to reduce outcomes of posttraumatic stress disorder (PTSD) 
and depression, which is highly comorbid with mTBI [16].

Clinical Relevance
Emerging evidence supports the use of natural neuroprotective 

compounds and integrative therapies that target multiple mechanisms 
underlying PCS following mTBI. This short review is in no way 
comprehensive or inclusive, but provides a foundation for the 
development of a combined holistic treatment for mTBI and subsequent 
PCS. For example, probiotics, vitamin D, acupuncture and acupressure 
are also being used to manage a myriad of symptoms with success like 
pain, headache, sleep disturbance, and general wellbeing. The proposed 
therapies may have limitations in efficacy working alone due to oxidative 
stress and other system compromise. We therefore recommend a 
combination of therapies, which work synergistically to overcome 
the restrictions of any one intervention. The natural compounds and 
integrative therapies proposed are readily available, well tolerated, 
and offer a gestsalt of health benefits. Moreover, therapy combinations 
can be customized based on individual peference, injury severity, 

and symptom presentation. Currently there are no FDA approved 
treatments for mTBI, as well as insufficient medical recommendations 
for the prevention of secondary injury and persistent symptoms. This 
highlights the urgent need to test new therapies for the prevention and 
treatment of PCS, which severely impacts quality of life.
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