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a b s t r a c t

With the numerous failures of pharmaceuticals to treat traumatic brain injury in humans,

more researchers have become interested in combination therapies. This is largely due to

the multimodal nature of damage from injury, which causes excitotoxicity, oxidative

stress, edema, neuroinflammation and cell death. Polydrug treatments have the potential

to target multiple aspects of the secondary injury cascade, while many previous therapies

focused on one particular aspect. Of specific note are vitamins, minerals and nutrients that

can be utilized to supplement other therapies. Many of these have low toxicity, are already

FDA approved and have minimal interactions with other drugs, making them attractive

targets for therapeutics. Over the past 20 years, interest in supplementation and

supraphysiologic dosing of nutrients for brain injury has increased and indeed many

vitamins and nutrients now have a considerable body of the literature backing their use.

Here, we review several of the prominent therapies in the category of nutraceutical

treatment for brain injury in experimental models, including vitamins (B2, B3, B6, B9, C, D,

E), herbs and traditional medicines (ginseng, Gingko biloba), flavonoids, and other nutrients

(magnesium, zinc, carnitine, omega-3 fatty acids). While there is still much work to be
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done, several of these have strong potential for clinical therapies, particularly with regard

to polydrug regimens.

This article is part of a Special Issue entitled SI:Brain injury and recovery.

& 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Traumatic brain injury (TBI) affects 2.5 million individuals in

the United States every single year and an estimated 1–2% of

the population currently lives with chronic impairments due

to TBI (Thurman et al., 1999; Zaloshnja et al., 2008). In

addition to the personal costs associated with brain injury,

there is a considerable financial burden associated with

primary care, rehabilitation and loss of productivity due to

ongoing problems (Humphreys et al., 2013). Despite the scope

of the problem, over 30 years of animal research into the

mechanisms and consequences of TBI have failed to yield

any successful pharmaceutical agents to treat brain injury in

humans. The many unsuccessful clinical trials have caused

the field to reconsider several factors involved in clinical and

preclinical experimental design. One particular problem with

drugs that failed clinical trials is that they were too specific in

their treatment targets. This has resulted in a large push in

recent years to assess combination therapies, targeting multi-

ple mechanisms of action (Margulies et al., 2015). As

nutritionally-based therapies supplement basic biological

function and have therapeutic action in the injured brain,

these therapies may eventually represent an important

component of combination therapies.
In the clinic, major changes in nutritional status have

been observed after TBI. The combination of alterations in

blood flow, excitotoxicity, free radical damage and altered

global and regional metabolic rates has been identified as a

major contributor to secondary damage from brain injury

(Vespa et al., 2005). This metabolic crisis in the early stages of

TBI can be detrimental to outcomes and recent studies have

shown that supplementing basic nutrition can significantly

improve functional outcomes in patients (Horn et al., 2015;

Taha et al., 2011). The guidelines for hospital management of

TBI, provided by the Brain Trauma Foundation only include

minimal standards for nutritional supplementation, suggest-

ing that patients be placed on full nutritional replacement

within 72 h (Bratton et al., 2006). Of note is that standard

nutritional replacement is typically formulated to contain

carbohydrates, fats and proteins, with no vitamins or other

minerals. Deficiencies in nutrition may further exacerbate TBI

symptoms and the depletion of bioactive vitamins, minerals

and other compounds may make it difficult for the body to

process other pharmaceutical compounds, a phenomenon

observed in experimental brain injury (Anderson et al., 2015;

Kalsotra et al., 2003).
In this paper, we provide an overview of the overlooked

area of nutritionally-based therapies in TBI, focusing on

findings at the preclinical level. These therapies, collectively

referred to as nutraceuticals, have historically been high-

lighted as preventative measures for chronic diseases (Lassi

et al., 2014; Moyer, 2014; Schleicher et al., 2013). However, in

recent years, many vitamins, minerals and essential nutrients

have risen to prominence as potential primary therapeutics
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