
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

	
  This	
  paper	
  reviews	
  evidence	
  relating	
  to	
  the	
  nutritional	
  management	
  of	
  the	
  condition	
  
adrenoleukodystrophy.	
  	
  In	
  doing	
  so,	
  the	
  efficacy	
  of	
  proposed	
  nutritional	
  supplementation	
  and	
  
dietary	
  interventions	
  will	
  be	
  evaluated.	
  	
  An	
  exploration	
  of	
  the	
  biochemical	
  properties	
  of	
  
selected	
  nutrients	
  and	
  foods	
  relevant	
  to	
  ALD	
  sufferers	
  will	
  also	
  be	
  presented.	
  Nutritional	
  
research	
  included	
  in	
  this	
  paper	
  explores	
  the	
  effect	
  of	
  Zinc,	
  N-­‐Acetyl-­‐Cysteine,	
  Glutathione,	
  
Vitamin	
  E	
  and	
  Vitamin	
  C.	
  Additionally,	
  critical	
  evaluation	
  regarding	
  foods	
  have	
  also	
  been	
  
assessed	
  which	
  includes,	
  turmeric,	
  ginger,	
  rapeseed	
  oil	
  and	
  olive	
  oil.	
  This	
  paper	
  also	
  includes	
  a	
  
brief	
  outline	
  of	
  a	
  potential	
  research	
  project	
  related	
  to	
  adrenoleukodystrophy.	
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ABBREVIATIONS 
ALD: Adrenoleukodystrophy; ABC: ATP binding cassette; LCFA: Long chain 

fatty acid; VLCFA: Very long chain fatty acids; CoA:  Coenzyme A, ABCD1: 

ATP-binding cassette, sub-family D (ALD), member 1; AMN: 

Adrenomyeloneuropathy; ACTH: Adrenocorticotrophic releasing hormone; IL: 

Interleukin, IL-2: Interleukin 2; IL-6: Interleukin 6; TNF-a: Tumour necrosis 

factor-alpha; IL-1β: Interlukin beta; LP: Lipopolysaccharide; AA: Arachidonic 

acid; DPI: diphenylene iodonium; NADPH: Nicotinamide adenine dinucleotide 

phosphate; ROS: Reactive Oxygen Species; SOD: Superoxide dismutase; CRP: 

C-reactive protein; NF-kB: Nuclear transcription factor kappaB; PPAR-a: 

Peroxisome proliferator-activated receptor-alpha; AP1: Activator protein 1; 

COX-2: Cycloxygenase-2; iNOS: Inducible nitric oxide synthase; CuZnSOD: 

Copper zinc superoxide dismutase; NAC: N-Acetyl-Cysteine; HSCT: 

Hematopoietic stem cell transplantation; RNS: Reactive nitrogen species; BSO: 

Buthionine sulphoximine; 5-LOX: 5-lipoxygenase; CSF: Cerebro-spinal fluid; 

Cys LT: Cysteinyl leukotrienes; A-tocopherol: Alpha-tocopherol; PA2: 

Phospholipase A2; AD: Alzheimer’s disease; EPCK1: A water and lipid 

soluble ester of vitamin C and E; NO: Nitric Oxide; ADP: Adenosine di-

phosphate; TEAC: Trolox equivalent activity concentration; PGE2: 

Prostaglandin 2; LO: Lorenzo’s oil, CCER: Childhood cerebral. 
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BACKGROUND 

Pathophysiology and Disease Mechanism  
 

X-linked adrenoleukodystrophy (ALD) is a complex peroxismal disease which affects 

the nervous system, adrenal cortex, and testes. According to Singh and Pujol (2010) it 

occurs 1 in 17,000 males.  

 

Peroxisomes are single membraned sub-cellular organelles present in most organisms, 

carrying out essential functions related to lipid homeostasis (Schluter 2010). The 

process which they are involved in are both catabolic (oxidation of fats) and anabolic. 

Additionally, they play a role in free radical detoxification. All peroxisomes have at 

least one ATP binding cassette (ABC) transporter on their membrane. According to 

Schluter (2010), in mammals, four peroxisome transporters are present: ABCD1, 2, 3 

and 4.  

 

Adrenoleukodystrophy is a metabolic disorder, caused by a genetic mutation of the 

ABCD1 transporter. The X-linked Adrenoleukodystrophy Database, an international 

database, cited in Lan F et al (2010, pg.1992) shows that there have been more than 

500 mutations reported in relation to this gene. Singh I and Pujol (2010) add that 

ABCD1 plays a crucial role in transporting very long chain fatty acids (VLCFA), or 

their Coenzyme A (CoA) derivatives, into peroxisomes to undergo metabolism. 

 Mutation of this gene will lead to a loss of its function and render beta oxidation 

ineffective, ultimately leading to excessive accumulation of VLCFAs in body tissues 

(mainly brain and adrenal cortex), and plasma. Most of the fat accumulated is 

saturated. However according to Singh and Pujol (2010), there is, to a lesser extent, 

an accumulation of monounsaturated fats as well. 
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The inactivation of the ABCD1 gene results in clinically diverse phenotypes; patients 

may present with cerebral ALD in childhood, adolescence or adulthood. They may 

also present with Addison’s disease, adrenomyeloneuropathy (AMN) and gonadal 

insufficiency.  

 

Ferrer et al (2010) states that there is a lack of genotype-phenotype correlations in this 

disease and suggests that this is due to the fact that a mutation of the ABCD1 gene 

may be associated with a variety of phenotypes within one family. Based on this 

suggestion, it would be sound to conclude that genetic and environmental factors 

contribute to the development and progression of this disease.  

Oxidative damage and ALD 
 

Axonopathy of the spinal cord, demylelination of the cerebral hemispheres and 

adrenal insufficiency are degenerative changes occurring in ALD. Ferrer et al (2010) 

suggests that this is possibly related to the impaired metabolism of VLCFAs and “the 

associated alterations (i.e. oxidative damage)”. Additionally, Ferrer et al (2010) note 

that a more aggressive phenotype is witnessed secondary to cerebral demyelination of 

nerve fibres. This manifestation is seen alongside inflammatory processes within the 

white matter of the brain and involves hyper-activity of T lymphocytes, CD1 

presentation, increased cytokines, interferons, interleukin (IL) 1-alpha, IL-2, IL-6, 

macrophage colony stimulating factors, tumour necrosis factor-alpha (TNF-a), 

chemokines, and chemokine receptors. Such neuro-degeneration often leads to death 

in patients before they reach adolescence.  

 

Uto et al (2008) compared levels of TNF-a and interlukin beta (IL-1β) in control and 

ALD lymphoblasts and concluded that there was 2.1 times increased synthesis of 

TNF-a in ALD cells and 2.3 times more IL-1β.  Uto T et al (2008) gathered that blood 

cells of an ALD patient, when triggered by a bacterial lipopolysaccharide (LP), a 

gram negative endotoxin, produced increased IL-2, and TNF-a, which is characteristic 

of a Th1 immune response. In addition, lymphoblasts were investigated to observe 

whether they would express cytokines without inflammatory stimulation. Results 
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showed that even without any stimulation, these cells produced 2.1 times more nitric 

oxide (NO) than the control cells (Uto et al 2008, pg. 18): 

  

 

 
 

Furthermore, fibroblasts of ALD patients have higher baseline and arachidonic acid 

(AA) induced IL-1β levels.  Quite a high level of oxidative stress was demonstrated in 

these cells based on measuring nicotinamide adenine dinucleotide phosphate 

(NADPH) oxidase activity. When these cells were treated with diphenylene iodonium 

(DPI), an NADPH oxidase inhibitor, a significant reduction of reactive oxygen 

species (ROS) production was demonstrated (Uto et al 2008, pg. 13): 

 

 

 

 

 

 

 

 

 

 

 

 

Singh and Pujol (2010) state “molecular events that trigger the transition from the 

metabolic phase to neuroinflammation and demyelination in the brain in cerebral 

ALD are largely unknown.” They also add “the exact mechanism that links the 

VLCFA excess…to inflammation and demyelination in cALD remains elusive.” 
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However, Uto et al (2008 pg. 7) mentions that due to increased NADPH-oxidase 

induced free radical formation, development and progression of neuroinflammation in 

ALD takes place. This pinpoints that oxidative stress is the chief driving force behind 

ALD development.  

 

It is evident that there is vast inflammation in this condition. Singh and Pujol (2010) 

imply the importance of antioxidants as they state “production of free radicals might 

lead to oxidative stress when antioxidant defences are overwhelmed.” Furthermore, 

antioxidants would be so beneficial in managing ALD as a lack of antioxidants whilst 

oxidative stress in increasing will cause damage to macromolecules such as DNA and 

RNA of a cell.  
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NUTRIENTS 

Zinc 
 

Superoxide dismutase (SOD) is a metallo-protein and is the first enzyme, which acts 

as a scavenger of superoxide radicals, catalyzing them to form oxygen and hydrogen 

peroxide. This potent antioxidant relies on cofactors to carry out its free radical 

scavenging function; zinc is one of the essential components required for it to act.  

 

Fischer and Glass (2010) demonstrated that a loss of SOD predisposed dorsal root 

ganglia axons to degeneration due to a lack of protection from oxidative stress. Their 

study demonstrated that SOD is “required for dorsal root ganglia axon survival” 

(Fischer and Glass, 2010 pg. 255). 

 

Bao et al (2010) explored the anti-inflammatory effects of zinc by administering 

45mg/day (as zinc gluconate) to subjects aged 56-83 years for six months. This was 

compared to a placebo group receiving nothing. Although this study aimed to 

demonstrate the atheroprotective action of zinc, the mechanisms by which zinc brings 

about this effect is also relevant to the underlying pathologies of neuro-degeneration  

occuring in ALD. The beneficial effects of zinc were seen to significantly decrease C-

reactive protein (CRP), IL-6, IL-1β and reduce TNF-a production, in addition to other 

inflammatory markers which typically abound in ALD. Bao et al (2010) confirmed 

that a deficiency of zinc would increase oxidative stress.  

 

Additionally, ROS production arising from a zinc deficiency has the ability to initiate 

nuclear transcription factor kB (NF-kB)-activation of pro-inflammatory genes. 

Therefore the data presented demonstrates the potential benefits of zinc in a neuro-

inflammatory condition like ALD, as the inflammatory mediators indicated in this 

study are also seen excessively in ALD. 

 

Peroxisome proliferator activated receptor-alpha (PPAR-a) activation relies on zinc. 

Peroxisome proliferator activated receptor-alpha regulates lipid metabolism and fatty 
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acid beta-oxidation (Bouwens et al, 2008), the characteristic mechanism which is 

rendered ineffective in ALD patients. Reiterer et al (2004) adds that PPARs regulate 

glucose homeostasis, cell proliferation, cell differentiation and also modulates the 

inflammatory response. Bouwens et al (2008) concluded that genes which up-regulate 

beta-oxidation are dependant upon PPAR-a activation, and are therefore crucial in 

ALD.  Bao et al (2010) have demonstrated that PPAR-a activation plays a role in 

inflammation by showing that its activation causes a down-regulation of pro-

inflammatory cytokines. Reiterer G et al (2004) also explored PPAR-a in relation to 

inflammatory mediators. They reported an increased TNF-a induced inflammatory 

response in zinc deficient cells. Further, that when zinc was added back into these 

cells, PPAR-a activation caused a down-regulation of NF-kB and activation protein-1 

(AP-1). Their study demonstrated that adequate amounts of zinc are required for the 

anti-inflammatory effect of PPAR-a to take place.  The significant factor at this point 

is that activation of PPAR-a, is a zinc dependant reaction, and this is illustrated below 

(Bao et al, 2010 pg. 1639):  
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It is evident that the deficiency of zinc will lead to increased ROS, subsequently 

activating NF-kB and up-regulating the production of inflammatory cytokines, CRP, 

and inflammatory enzymes (Cycloxygenase-2 [COX-2], and inducible nitric oxide 

synthase [iNOS]).  

 

The production of superoxide radicals occurs naturally as a part of the complexes of 

the electron transport chain. If SOD enzymes do not quench these free radicals, they 

have the ability to undergo chemical reactions and produce other highly toxic free 

radicals such as hydroxyl radicals (Fischer and Glass 2010).   

 

In mice lacking SOD, neuro-degeneration and motor neuropathies were evident. The 

neurons also exhibited increased apoptosis under ischemic, excitotoxic and trauma 

scenarios (Fischer and Glass, 2010 pg. 256). Additionally, the effect of a potent 

herbicide, diquat, on axonal health was exacerbated by a SOD deficiency. Therefore, 

The deficiency of SOD demonstrated increased axonal toxicity.   

 

Song et al (2009) observed that zinc status was a major contributor towards DNA 

damage, and that some DNA damage may be reversible after zinc repletion. Due to 

the role of zinc in maintaining DNA integrity, in their study, Song et al (2009, pg. 

327) reported that a low zinc intake will increase the breakage of DNA strands either 

due to oxidative stress and/or disruptions to DNA repair pathways. A key finding in 

their study was that physical manifestations of a zinc deficiency became apparent 

before a decline of plasma zinc levels. This clearly indicates the importance of zinc in 

maintaining DNA stability and therefore its role in genetic homeostasis.  

 

Copper zinc superoxide dismutase (CuZnSOD) activity was seen to reduce when zinc 

levels in subjects were deplete (Song et al 2009, Mariana et al 2006), however 

CuZnSOD levels were seen to rise as soon as zinc was replete.  Furthermore a key 

damaging mechanism in ALD, lipid peroxidation,  has been shown to increase in rats 

that were zinc deficient (Song et al 2009).  

 

Zinc will increase antioxidant capacity; decrease CRP, inflammatory cytokines and 

overall oxidative stress markers after six months supplementation, as demonstrated by 
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Bao et al (2010). Zinc will also decrease the generation of TNF-a, IL-1β, NF-kB and 

up-regulate PPAR-a.  All these mechanisms of zinc are implicated in ALD and would 

pose a beneficial effect in treatment.  
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N-Acetyl-cysteine (NAC) 

 
Tolar et al (2008) used NAC as an antioxidant to prove it protects from 

neurodegeneration in ALD patients. N-acetyl-cysteine was administered to boys with 

cerebral ALD who had undergone hematopoeietic stem cell transplantation (HSCT). 

Tolar et al (2008) demonstrated that the boys were alive and radiographically stable 

100 days later. N-Acetyl-cysteine was shown to be safe for usage in childhood ALD 

as its role in reducing oxidative stress was implicated in this study.  

 

In an earlier study, Tolar et al (2007) administered NAC as adjunct therapy to patients 

who underwent HSCT to aid protection against neurological decline. The study 

showed that NAC administration alongside HSCT protected from demyelination, with 

Tolar et al (2007) recognising that this was due to NAC’s “antioxidant and radical 

scavenging properties” (Tolar et al 2007, pg. 213). The neuronal protective effect of 

NAC was exhibited as patients were stable clinically and by MRI. This demonstrates 

the potential in administering NAC alongside orthodox medical therapy in ALD. 

Another benefit reported by Tolar et al (2007) is that NAC administration is safe and 

no significant adverse reactions have been observed.  

 

Charnas et al (2007) explored the effects of NAC and found that there is increased 

risk of death after HSCT. They administered NAC in an attempt to halt disease 

progression and demyelination of nerve fibres. A subject who was considered at high 

risk from dying after a transplant, was given NAC during and after his transplantation. 

Hypothesised from the antioxidant actions of NAC, stable neurological exams and 

radiography was witnessed shortly after. 

 

Charnas et al (2007) go as far as stating that “NAC, a drug already in clinical use, 

merits investigation as a therapeutic strategy for patients with advanced ALD and has 

a potential to change this lethal disease to a condition amendable to treatment with 

hematopoeietic stem cell transplantation.”  
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Tolar et al (2008) reasoned that NAC would be beneficial in their subjects as NAC is 

considered a beneficial broncho-pulmonary mucolytic agent, and as a nutrient to aid 

the liver with detoxification of acetaminophen/paracetamol toxicity.  

 

As seen in the table below, the amount of the ABCD transporters within human tissue 

is outlined. The transporter with a genetic defect in ALD, ABCD1, is shown to be 

highly expressed in pulmonary tissue. With the strong correlation existing between 

NAC being a beneficial nutrient to the pulmonary system, and as mentioned by Tolar 

et al (2008), it is a mucolytic agent. This may further reiterate why NAC has been 

shown to be helpful in trials concerning ALD.  

 

Additionally, because NAC is a precursor for the manufacture of glutathione in 

enterocytes, and glutathione is a potent antioxidant which is seen in low levels in 

conditions of excess oxidative stress, namely ALD, this further validates that NAC is 

an appropriate nutrient for the management of ALD. 

 

Rats administered antioxidant supplementation, including NAC, demonstrated a near 

complete prevention of peroxidative damage (Bagh et al 2008). Bagh et al (2008) 

administered NAC as part of their antioxidant treatment in order to scavenge a variety 

of ROS, reactive nitrogen species (RNS), and peroxyl radicals.  

 

More recently, Bagh et al (2010) discussed how NAC can help restore mitochondrial 

health and transmembrane potential, an issue which arises in ALD. They state that 

this is possible by long term antioxidant therapy which includes NAC. This implies 

that damage to mitochondrial function, is attributed to oxidative damage, especially 
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due to ROS. Bagh et al (2010) witnessed rat brain deterioration due to lipid 

peroxidation, and also observed that the effects of antioxidants, including NAC, 

markedly improve oxidative stress in that scenario. 

 

N-Acetyl-Cysteine, due to its antioxidant action has a prospective position in ALD 

management. In addition to its role in overall nervous system health, due to 

demonstrated effiacy on mitochondrial insufficiency, NAC could possibly be 

considered further as part of ALD treatment. That is, with mitochondrial damage seen 

as a prominent factor in ALD. Based on results discussed in the studies involving 

NAC, the data suggests that further investigation surrounding the therapeutic benefits 

of NAC would be advantageous for patients with ALD. Particularly if this disease has 

the potential to be ameliorated with aggressive treatment such as HSCT. Adjunct 

therapy with NAC may aid in patient prognosis.  
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Glutathione 
 

Synthesised from the amino acid glutamate, glutathione has the ability to quench 

ROS. Furthermore, the mutation and inactivation of the ABCD1 gene sensitises 

fibroblasts to cell death due to glutathione depletion, indicating the protective effect 

of glutathione against ROS and that ABCD1 dysfunction alters oxidative stress 

homeostasis.  

 

Ahmed RD et al (2008) reports findings of significantly decreased glutathione levels 

in rats undergoing exposure to a herbicide (Lindane) which is known to cause 

enhanced lipid peroxidation. Rats exposed to Lindane also exhibited increased 

activity of glutathione dependant enzymes: glutathione reductase, and glutathione 

peroxidase; indicating increased oxidation and the need for neutralisation during lipid 

peroxidation. The decrease of serum glutathione levels in rats after Lindane exposure 

may have been due to the increased activity of glutathione peroxidase, which requires 

glutathione to take effect.  

 

Fourcade et al (2008) show that ALD fibroblasts are more sensitive to oxidative stress 

when compared to control fibroblasts. Fourcade et al (2008) treated ALD fibroblasts 

with a gamma-glutamylcysteine synthetase (the enzyme which synthesises 

glutathione) inhibitor, buthionine sulfoximine (BSO). Twenty-four hours post 

treatment, ALD cells were observed to lose viability and cell death was much higher 

in these cells compared to fibroblasts of healthy individuals (13%-59% vs. 0%-11%). 

This pinpoints that ALD cells are more reactive in the state of a glutathione 

insufficiency and are therefore more likely to undergo oxidative stress-induced 

apoptosis.  

 

Khan et al (2010) observed that increased 5-lipoxygenase (5-LOX) derived 

leukotrienes were present within the white matter in childhood ALD. This correlated 

with “reduced levels of glutathione and enhanced expression of …superoxide 

dismutase” (Khan et al 2010, pg. 1685). Song et al (2009) reported that there was 

reduced glutathione in the ALD brain as they took measurements in three different 



Kimberly	
  Kushner	
  227921	
  	
  
ANFT	
  

	
  

	
   16	
  

areas of white matter. Compared to the control brain, glutathione in all three areas of 

the white matter were significantly lower: 

 

 
 

In support, Fourcade et al (2008) implies that C26:0 in high amounts correlates with 

increasing ROS and decreasing glutathione in human fibroblasts.  In ALD, high 

C26:0 levels up-regulates inflammation by way of the 5-LOX pathway producing 

leukotrienes which  Khan et al (2010, pg. 1693) reports to reduce glutathione. Brock 

TG (2005) states leukotrienes have the ability to form toxic compounds which may 

elicit an immune response. Khan et al (2010) noted that leukotrienes, particularly 

cysteinyl leukotrienes (Cys LT) were increased in all areas of the ALD brain; 

furthermore, Cys LT have the ability to deplete glutathione.  

 

Visovsky et al (2007) demonstrated the neuro-protective effects of glutathione in 

patients undergoing chemotherapeutic cancer treatment. By administering 

1500mg/m2 intravenous glutathione to subjects in a randomised, double-blind, 

placebo-controlled trial, Visovsky et al (2007) noted that those in the experimental 

group performed better during neurological examinations following multiple 

chemotherapy cycles. Those in the placebo group, however, experienced increased 

neuropathy and neurotoxicity whilst those who received glutathione did not 

experience any neurotoxicity. 
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Fischer and Glass (2010) demonstrated that axonal degeneration and neurotoxicity 

induced by potent herbicides was attenuated when glutathione supplementation was 

implemented. Glutathione plays a role in maintaining the redox state of protein 

suphydryls, which are required for adequate DNA functioning and repair (Jomova et 

al 2010). The illustration below summarises the protective role of glutathione in 

oxidation of protein suphydryl groups (Jomova et al 2010, pg. 97): 

 

 

 
 

According to Fourcade et al (2008, pg. 1768), glutathione, abundant in mammalian 

cells, plays a role in protecting cells of all organs, particularly the brain, against 

oxidative damage. Because accumulated C26:0 has the ability to produce ROS, 

oxidative stress in a major contributor to ALD. And thus based on the above findings, 

glutathione potentially has a beneficial role in the management of this illness. 
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Vitamin E 
 

There are a variety of different forms of vitamin E, i.e. the α-, β-, γ-, δ- 

tocopherols and the α-, β-, γ-, δ-tocotrienols. However, Leonarduzzi et al (2010, pg. 

342) states that alpha-tocopherol (a-tocopherol) is the most potent. A-tocopherol is an 

antioxidant that acts upon cell membranes and has the ability to neutralize compounds 

which may potentially disrupt membrane stability.  

 

Fourcade et al (2008) explored whether a-tocopherol had the ability to quench the 

excess peroxyl radicals, which is produced by excess VLCFAs in ALD.  Trolox, an 

analogue of a-tocopherol, was administered to cultured human fibroblasts with high 

levels of C26:0, mimicking ALD. Fourcade et al (2008, pg. 1768) noted that there 

was a reduction of SOD, indicating there was neutralisation of superoxide radicals by 

Trolox. Additionally, Fourcade et al (2008) found that Trolox was able to reduce 

oxidative lesion markers in ALD fibroblasts, by way of detecting and measuring 

modification of protein structures due to oxidative stress. Similarly, Berger et al 

(2010), explored Vitamin E as a successful therapeutic measure in order to reverse the 

oxidative lesions caused by excessive VLCFAs.  

 

The anti inflammatory effect of a-tocopherol was further explored by Leonarduzzi et 

al (2010) as they state that it has the ability to down regulate eicosanoid synthesis. 

Phospholipase A2 (PA2), the substrate for AA release, is efficiently downgraded by 

vitamin E. This is a noteworthy point as AA is the main precursor for eicosanoid 

synthesis, inflammation and eventually, neuro-degeneration. The biochemical 

pathway which vitamin E does this, is discussed by Leonarduzzi et al (2010). Vitamin 

E binds directly to PA2 forming a three-dimensional structure comprising of one 

molecule tocopherol and two molecules PA2. This compound then creates a change in 

the structure of phospholipase, which inhibits its expression. Farooqui et al (2006) 

discusses how a-tocopherol-induced PA2 inhibition is evident in the brain, and as this 

enzyme is involved in neurodegenerative diseases, vitamin E would therefore be 

highly implicated in ALD management.  
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In addition to suppressing PA2, vitamin E also blocks inflammation through 

inhibition of COX enzymes, which converts AA to prostaglandin H2. According to 

Leonarduzzi et al (2010) LP induced COX-2 synthesis is counteracted by a-

tocopherol. Inflammatory enzyme 5-LOX, has also been shown to bind with a-

tocopherol and therefore reducing IL-1β production. Leonarduzzi et al (2010) states 

that the pathway by which a-tocopherol reduces IL-1β is through blockage of 

leukotriene B4 synthesis, which is a bi-product of 5-LOX activity.   

  

Song et al (2009) demonstrated that as lipid peroxidation increased with a zinc 

deficiency, hepatic vitamin E stores were depleted. However, serum vitamin E levels 

were constant and did not change. Song et al (2009 pg. 327) reports that vitamin E 

status of the liver may be “sacrificed to maintain circulating vitamin E 

concentrations.” They hypothesised that lipid peroxidation caused by zinc deficiency 

may be partially controlled by maintaining serum vitamin E levels. This emphasises 

the requirement of vitamin E in times of oxidative stress, ie: lipid peroxidation in 

ALD.  

 

Jomova et al (2010) mentions the role of vitamin E in neurodegeneration, and that 

patients with Alzheimer’s disease (AD) who were given vitamin E and C daily 

exhibited increased vitamin E and C plasma and cerebro-spinal fluid (CSF) levels, 

making CSF and plasma lipoproteins more durable against oxidative damage. Jomova 

et al (2010, pg. 96) discusses that as vitamin E is the major lipophilic antioxidant in 

the brain, low levels are seen in patients with neurodegenerative conditions, and that 

vitamin E supplementation is correlated with reduced prevalence and incidence of 

AD. Hypothetically, this may be due to the fact that the core of AD, corresponding 

with ALD, is oxidative stress too, as Jonova et al (2010, pg. 97) describes AD, 

“oxidative stress underlies the molecular pathogenesis of this dementing disorder”.  

This indicates the efficacy of vitamin E as an antioxidant, in the brain, it signifies its 

importance in a neuro-inflammatory condition like ALD.  

 

Gamma-tocopheryl quinone, a vitamin E homologue, was seen to elevate glutathione 

levels and elicit a cyto-protective effect as demonstrated by Ogawa et al (2008). It 

reportedly does this via up-regulating the availability of cysteine for glutathione 
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synthesis (Ogawa et al 2008, pg. 685). Bagh et al (2008) supports this finding. They 

used a-tocopherol to up-regulate cellular antioxidant defences as it increased 

intracellular glutathione. Additionally Bagh et al (2008) reports a-tocopherol to 

successfully inhibit lipid peroxidation, and eliminate ROS. All the mechanisms linked 

to the antioxidant and non-antioxidant action of a-tocopherol would potentially be 

beneficial in the treatment of ALD. 
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Vitamin C 
 

Vitamin C (ascorbic acid) is considered “the major aqueous phase antioxidant” 

(Jomova et al 2010, pg. 96) and would potentially be very beneficial in ALD, firstly 

due to its vitamin E recycling role. Vitamin C and E work synergystically. During the 

process of quenching free radicals, a-tocopherol donates a hydrogen ion to a lipid or a 

lipid peroxyl radical, causing the a-tocopherol to convert to the a-tocopheroxyl free 

radical. The role of ascorbic acid is crucial at this stage as it has the ability to reduce 

the a-tocopheroxyl radical back to its a-tocopherol form (Harrison and May 2009, pg. 

723). Because the brain is a lipid rich environment, the recycling of a-tocopherol is a 

very important function of ascorbate, especially in ALD. The role of vitamin C is 

further emphasised by Leonarduzzi et al (2010) as recycling of a-tocopherol by 

ascorbic acid makes this compound “the key player in preventing the generation and 

propagation of oxidative stress in biomembranes” (Leonarduzzi et al 2010, pg. 342).  

 

Jomova et al (2010) noted that patients suffering neuro-degeneration in AD presented 

with reduced levels of CSF vitamin C when compared to control patients. Low levels 

of vitamin C may hinder the reduction of a-tocopherol radicals back to its a-

tocopherol form and could potentiate inflammation.   

 

Further evidence of vitamin C’s benefit is set out in the table below: 

Author and year Research 

Harrison and May  

(2009)  

Ascorbate effects explored in guinea pigs with a vitamin 

E deficiency and an intentionally induced vitamin C 

deficiency. In the vitamin E deficient state the animals 

appeared normal however when vitamin C intake was 

completely prohibited, neurological symptoms appeared 

followed by death 24 hours later.   

Additionally, the importance of vitamin C in mice was 

demonstrated as when the neuronal ascorbate transporter 

was deleted, the mice died shortly after birth.   

Vitamin C acts in the brain to directly scavenge ROS or 
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RNS, both produced during oxidative stress and C26:0 

accumulation in ALD 

Herrera E et al (2009)  The importance of vitamin C in controlling oxidative 

stress by eliciting an antioxidant action and decreasing 

overall inflammation.  

Shingu et al (2010) A water and lipid soluble ester of vitamin C and E 

(EPCK1), was shown to prevent systemic inflammation. 

Lipopolysaccharide induced mice were compared to 

mice who were also exposed to LP but were treated with 

EPCK1 beforehand. The mice given the antioxidant 

treatment prior to being exposed to LP exhibited lower 

mortality rates, with more mice surviving. There was 

also a better outcome for mice who were administered 

with EPCK1 after lipopolysaccharide exposure in 

comparison to those who were not given any at all. 

Lower iNOS and in turn lower NO levels were evident 

in those pre-treated with EPCK1, in comparison to those 

who did not receive antioxidant treatment.  

that antioxidant treatment was shown to inactivate 

hydroxyl radicals. Because increased iNOS is associated 

with high levels of ROS, and there were low levels of 

iNOS in those being administered EPCK1, this indicates 

that vitamin C and E poses a free radical scavenging 

action and decreases systemic inflammation.  
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Vitamin C concentrations are highest in the brain and the adrenals, as illustrated in the 

image below (Harrison and May 2009, pg. 722): 

 

These are the principal areas, which are severely affected by oxidative stress seen in 

ALD, indicating the importance of and the necessity of antioxidant measures. 

Additionally, neurons are particularly sensitive to low vitamin C (Harrison and May 

2009, pg. 719) and especially whilst there is increased oxidative stress, such as in 

ALD (Harrison and May 2009, pg. 727). Harrison and May (2009, pg. 723) add that 

in vivo, ascorbate will “effectively scavenge superoxide.”  

 

The contributory role of ROS in neuro-degeneration pinpoints the importance of 

antioxidant therapy in conditions such as ALD. In sum, ascorbate plays a role in 

protecting the nervous system in pathologies with oxidative stress-induced damage 

and increased ROS production, such as ALD. This highlights that ascorbate is 

essential in ALD for protection against oxidative stress, preventing loss and oxidation 

of a-tocopherol, and to decrease lipid peroxidation 
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Very long chain saturated fatty acids  
(C22:0 docosanoic acid, C24:0 tetracosanoic acid, C26:0 hexacosanoic acid) 

 

Ofman et al (2010 pg. 90) emphasises that VLCFA accumulation in ALD is partially 

absorbed from the diet. This indicates the importance of dietary and nutritional factors 

of an ALD patient and maintaining the correct intake of fats. The information below 

details the effect of three VLCFAs, considered anti-nutrients,  implicated in ALD.  

 

Very long chain fatty acids are found as constituents of lipids such as 

phosphatidilcholine, ganglioside, and cholesterol ester fractions of brain myelin and 

in the proteolipid protein (the most abundant protein found in myelin). According to 

Singh and Pujol (2010), gangliosides of an ALD brain contain 28% to 50% fatty 

acids, those which chains exceed 22 carbons. The build-up of VLCFA causes toxicity, 

eliciting an immune response. Additionally, by VLCFA incorporating to complex 

lipids, cell membranes may lose their stability.  

 

Singh and Pujol (2010) state that C26:0 alters the physiological properties of 

membranes. Turnover of hexacosanoic acid from phospholipid membranes is “10,000 

times slower than long or medium chain fatty acids” (Singh and Pujol, 2010). Uto et 

al (2008) is supportive of this in demonstrating that accumulation of VLCFAs alters 

the plasma membrane and will eventually disrupt cell signalling. An example of this 

is seen as the viscosity of adrenocortical cell membranes in ALD patients is 

abnormally increased. In turn, this reaction decreases ACTH-stimulated cortisol 

secretions. In addition, Uto et al (2008 pg. 7) states that the high levels of TNF-a and 

IL-1β cytokines will alter other membrane proteins required for cell-to-cell 

communication including lipid rafts, which may be damaged through VLCFA 

accumulation and superoxide radicals (Zhang et al, 2006).  

 

Singh and Pujol (2010) noted that fibroblasts with a C26:0 excess, damaged 

membrane proteins due to oxidative stress. Damage was occurring in ALD fibroblasts 

and not on control fibroblasts in the presence of excess C26:0.  

 



Kimberly	
  Kushner	
  227921	
  	
  
ANFT	
  

	
  

	
   25	
  

Hein et al (2008) explored the toxicity mechanisms of excess VLCFA in rats’ neural 

cells and discovered changes in mitochondrial function, cellular calcium levels, and 

finally cell death. At levels of 20mmol/L and higher, VLCFAs (C22:0, C24:0, and 

C26:0) were seen to induce death of oligodendrocytes and astrocytes. 

Oligodendrocytes are more sensitive than astrocytes and neurons, and intracellular 

calcium levels were seen to increase in these cells.  Mitochondrial function was 

altered due to increased levels of C22:0, as the membrane potential was significantly 

decreased. Cellular respiration was inhibited too, regardless of whether adenosine 

diphosphate (ADP) was present or absent. Hein et al (2008) concluded that eventually 

cell death was induced by excessive VLCFA accumulation through disrupting 

calcium homeostasis and mitochondrial function.  

 

Fourcade et al (2008) explored the effects of excessive VLCFA accumulation on 

human fibroblasts. Doses up to 100uM generated ROS, depleted glutathione, and 

decreased mitochondrial membrane potential.  Studies by Fourcade et al (2008) and 

Hein et al (2008) further demonstrated that mitochondrial damage and disturbance of 

membrane potential was apparent in neural cells and fibroblasts.  

 

VLCFAs are synthesised through elongation pathways of long chain fatty acids 

(LCFAs) andt is the balance between fatty acid beta-oxidation and synthesis through 

elongation of LCFAs, which determines VLCFA levels. Ofman et al (2010 pg. 91) 

and Kemp et al (2005) states the different fatty acid breakdown capacities of ALD 

fibroblasts:  

C22:0 25% 

C24:0 25% 

C26:0 15% 

This demonstrates how C26:0 could accumulate with ease as this suggests the 

elongation of C22:0 and C24:0 to C26:0.  
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Over-expression of ABCD1 (the defective gene in ALD) in yeast Saccaromices 

cerevisiae allows the transport of fatty acyl-CoA esters of LCFAs and VLCFAs 

(C18:1w9, C16:0, C22:0, and C24:6w3) across the peroxisomal membrane. In turn, 

the perixomes acts upon them and prompts beta-oxidation. Based on this, Ofman et al 

(2010) explored whether CoA esters were elevated in ALD fibroblasts, as 

theoretically, a dysfunction of ABCD1 would cause raised cytosolic VLCFA acyl-

CoA levels. After culturing ALD fibroblasts with C24:0 for 24 hours, C24:0 CoA and 

C:26 CoA levels were eight and fourteen times higher than when compared to the 

control: 

 

 

 

 

 

 

 

 

 

 

 

This experiment showed that a defective ABCD1 gene caused increased cytosolic 

C24:0 CoA, which acted as a substrate and became further elongated to C26:0 CoA.  

 

It is clear that increased consumption of very long chain fatty acids would likely lead 

to increased damage in ALD. It would therefore be advised to monitor and reduce the 

dietary intake of these fats.  
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FOODS  
 

Food recommendations, which will benefit a patient with ALD, are outlined below. 

Broadly, it is important to note from the outset that foods should be fresh and organic; 

not been grown with chemicals. Fisher and Glass (2010) demonstrated the effect of 

paraquat and diquat, (two very common herbicides) on axonal health. Results showed 

that these chemicals increased cellular superoxide and caused “robust, dose-

dependant axon degeneration” (Fisher and Glass, 2010 pg. 250). Fischer and Glass 

(2010) further emphasised this initial critical observation by stating that “axon 

degeneration precedes death of cell bodies”.  

Turmeric (Curcuma Longa) 
 

Curcumin, a polyphenolic compound, is the active component present in turmeric. Liu 

et al (2008) found that curcumin is neuro-protective and specifically protects against 

oxidative stress. Liu et al (2008, pg. 1342) suggest that this is because it acts as an 

antioxidant and scavenges peroxyl-radicals and ROS. They compared the antioxidant 

activity of curcumin to Trolox (a water soluble derivative of Vitamin E), using the 

Trolox equivalent activity concentration (TEAC) assay. Results demonstrated that 

they elicited similar antioxidant effects (Liu et al 2008, pg. 1341): 
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Additionally, curcumin also has the ability to reduce inflammation, Ahmed S et al 

(2005) states that curcumin is an inhibitor of NF-kB as well as the AA cascade by 

blocking COX-2 and LOX, which are elevated in ALD. Therefore, less AA is 

incorporated into the lipid membranes, and there is less prostaglandin 2 (PGE2) and 

leukotriene B4 formation.  

 

According to Jomova et al (2010), curcumin elicits a neuro-protective effect by 

reversing lipid peroxidation as demonstrated in rats with brain damage. Additionally, 

curcumin poses the ability to increase gamma-glutamylcysteine synthetase, which up-

regulates glutathione production. Its neuroprotective role was also seen as curcumin 

protects a model of cells responsible for neuronal differentiation from oxidative 

damage. Jomova et al (2010, pg. 99) discusses the effect of curcumin on mice brains 

and noted that curcumin effectively suppresses inflammation and oxidative damage as 

a significant decrease of IL-1β and oxidized protein was observed in the mice.  

 

Mythri et al (2010) reported that curcumin has the ability to detoxify peroxynitrite, 

eliciting this protective mechanism in vitro and in vivo. They have successfully 

demonstrated this neuro-protective role of curcumin derivatives against oxidative 

stress and conclude that curcumin “…could serve as a potential neuroprotective … in 

neurological disorders… involving oxidative stress” (Mythri et al 2010, pg. 8).  

 

Matson and Cheng (2006) mention that the neuro-protective effect of curcumin 

derives from its ability to induce phase two enzymes. Matson and Cheng (2006) 

discussed the neuro-protective effects of curcumin in gerbils through dietary intake. 

Two months dietary supplementation of curcumin before induced brain ischemia 

demonstrated reduced neuronal damage and prevented motor deficits by suppressing 

apoptosis. Moreover, rats given dietary curcumin expressed reduced brain damage 

and “improved functional outcome” after brain injury (Matson and Cheng 2006, pg. 

636). Takano et al (2007) states that curcumin can elicit a neuro-protective action as 

curcumin was seen to promote survival of dopaminergic neurons (Takano et al 2007, 

pg. C1893).  
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Additonally, curcumin has the ability to block TNF-a, LP and interferon-gamma-

induced NO production by inhibiting NF-kB (Rahman I 2008, pg. 2 and Ippoushi et al 

2003) and AP1 activation. It is through the suppression of AP1 activation, that 

inhibition of iNOS by curcumin takes place.  

 

Rahman I (2008) states that curcumin elicits antioxidant properties against ROS, 

RNS, and nitric oxide in vitro and in vivo and that their findings demonstrates 

curcumin’s ability to quench ROS within 1-4 hours, faster acting than other 

polyphenols they tested. This study further reiterates the points mentioned above 

regarding glutathione levels as Rahman I (2008) also found that curcumin induced 

antioxidant mechanisms by increasing glutathione production. Rahman I (2008) 

further observed that curcumin, through its anti-inflammatory action, has the ability to 

restore glucocorticoid efficacy, which would be particularly beneficial in ALD. 

Curcumin does this through restoring pro-inflammatory gene expression. The 

antioxidant mechanism of curcumin is evident through its ability to decrease lipid 

peroxidation and uphold activity of different antioxidant enzymes. As ROS is 

associated with ALD pathogenesis due to excess VLCFA accumulation, curcumin has 

the ability to contribute to the control of ALD through its antioxidant mechanism.  
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Olive Oil (Oleic acid) and  Rapeseed Oil (Euricic acid)  
 

A combination of these two oils make up the well-known concoction, Lorenzo’s Oil 

(LO). Moser (2006) reports that dietary intake of these oils significantly lowers 

VLCFA levels in ALD patients within four weeks. This food oil, a 4:1 concoction of 

glyceryl-trioleate and glyceryl-trierucate, is used as a part of dietary therapy in ALD. 

In addition to lowering VLCFAs, it is reported to prevent the onset in two-thirds of 

susceptible boys (Lan et al, 2010).  

 

Rapeseed oil derived from Brassica napus, contains a large amount of euricic acid 

(docos-13-enoic acid; C22:1), as seen in the table below: 

 

 
The use of the two oils in ALD is aimed to diminish the synthesis of VLCFAs. Moser 

et al (2007) states that oleic acid (C18:1) reduced VLCFA synthesis in fibroblasts of 

ALD patients up to 50% in three months. Optimistically, Moser et al (2007) states 

that normalisation of VLCFA levels can be achieved by most patients. In order to 

lower VLCFA levels, plasma euricic acid levels must be maintained, however a total 

fat intake in excess of 30-35% may diminish the beneficial effects of this oil.  

 

A study by Deon M et al (2008) successfully demonstrated the beneficial effects LO 

has on lowering C26:0. From the graph below (Deon M et al 2008, pg. 46), it is 

evident that concentrations of C26:0 decreased significantly in patients with 

childhood cerebral (CCER) ALD, and in asymptomatic patients. The dotted lines 
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indicate normal ranges of C26:0. It is evident that in asymptomatic patients being 

treated with dietary LO, C26:0 plummeted from excessive amounts, more than the 

levels of CCER patients, to within the normal range: 

 
Ofman et al (2010) endeavoured to confirm that in ALD, LCFAs were metabolised to 

VLCFAS and concluded that C24:0 was elongated to C26:0 in ALD cells. This was 

demonstrated by treating fibroblasts with C16:0. After three days, these fibroblasts 

had 20% lower levels of C22:0, seven times higher C26:0 and a nine fold increase of 

the ratio of C:26:0 : C22:0. This data is illustrated the tables below (Ofman et al 2010, 

pg. 91):  
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Uto et al (2008) and Deon M et al (2008) further support this analysis. They report a 

significant accumulation in ALD lymphoblasts of a high C26:0 to C22:0 ratio.  The 

graph above (Deon M et al 2008, pg. 46) illustrates the ratio of C26:0 to C22:0 in 

CCER and asymptomatic patients. It is clear that after dietary treatment of the LO, the 

ratio was brought down significantly. 

 

 

The biochemical mechanism by which LO reduces VLCFA synthesis is due to 

competitive inhibition of elongation enzymes by fatty acids. If there is no competitive 

inhibition of enzymes, there will be continual and excessive production of VLCFAs, 

contributing to the neuro-inflammation and damage seen in ALD. 

 

Golovko and Murphy (2006) compared brain uptake of AA and euricic acid, and 

found that euricic acid enters the brain at one-fifth the rate of AA. Furthermore, 

euricic acid was metabolised rapidly and sixty percent underwent beta-oxidation. This 

may suggest the importance of continually supplying a fat source that will compete 

with AA. AA is pro-inflammatory and “is well known to cross the blood brain barrier 

and be incorporated into brain compartments” (Moser et al 2007, pg. 108). 

Furthermore, as AA is incorporated to brain compartments, it would then pose its 

inflammatory role and up-regulate synthesis of inflammatory mediators, driving 

oxidative damage, which is highly undesirable in ALD as Moser et al (2007) states 



Kimberly	
  Kushner	
  227921	
  	
  
ANFT	
  

	
  

	
   33	
  

that damage induced by inflammatory cytokines and chemokines, immunological 

reactions, and oxidative stress cannot be reversed.  

 

In support of Golovko and Murphy (2006), Khan et al (2010) observed that the 

increase of PA2, 5-LOX, COX-2 and AA was correlated with VLCFAs in the ALD 

brain. As in mice, treating neural cells with exogenous VLCFAs (C26:0) resulted in 

an increased of 5-LOX, which further drives inflammation. When Khan et al (2010) 

purposely silenced the ABCD1 gene to mimic ALD, they noted that the combination 

of oleic and euricic acids significantly reduced VLCFAs, in turn reducing the 

expression of 5-LOX, and ultimately, a reduction of inflammatory mediators.  

 

Ofman et al (2010) and Kemp and Wanders (2010) state that although a combination 

of the two oils has the ability to reduce plasma C26:0 levels, it cannot stop the 

progression of the disease. Moser et al (2007) states that although it cannot stop the 

progression of ALD, the oil may pose a preventative effect in neurologically 

asymptomatic patients with ALD and may slow the degeneration in AMN. From the 

information provided, it indicates that there is benefit in early detection of ALD, and 

that early treatment with LO may be helpful.  
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Ginger (Zingiber Officinale) 
 

6-Gingerol, a phenolic compound contained in ginger, plays a major role in acting to 

block the COX-2 pathway. COX-2 enzymes will drive inflammation and oxidative 

stress, and in ALD will further potentiate neurodegeneration. Nitric oxide, has the 

ability to react with oxygen and superoxide to form reactive nitrogen species and 

directly or indirectly cause DNA damage and mutation. Ahmed et al (2005) attributes 

the beneficial anti-inflammatory effects of ginger to its ability to block COX and 

LOX pathways which in turn inhibits the production of inflammatory PGE2 and 

leukotriene B4.  

 

The following protective mechanisms of 6-gingerol have been demonstrated by 

Ippoushi et al (2003): 

Inhibits NO production  Ippoushi et al 2003 (pg. 3432), treated 

macrophages which exhibited LP-

induced NO expression with 6-gingerol; 

and observed an inhibition of NO. The 

reduction of nitric oxide was not due to 

cell death, indicating the anti-

inflammatory action of ginger.  

Inhibits iNOS  Ippoushi et al 2003 (pg. 3432) treated LP 

stimulated macrophages with 6-gingerol 

and observed a reduction of iNOS levels 

altogether when compared to LP induced 

control cells. As such, upregulation of 

iNOS will lead to increased production of 

NO and 6-gingerol acts to inhibit iNOS 

induction.  

Protects against oxidation  Ippoushi et al 2003, pg. 3433 

Protects against DNA damage  Peroxynitrite induced oxidation was seen 

to be inhibited by 6-gingerol as 

demonstrated by Ippoushi et al (2003). 
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Peroxynitrite is a ROS derivative which 

can cause oxidative damage to 

“mitochondria and damage 

macromolecules, such as DNA, proteins 

and lipids” (Ippoushi et al 2003, pg. 

3428). DNA is vulnerable and susceptible 

to peroxynitrite oxidative damage, which 

may lead to breakage of strands as well as 

modify base subunits. Modification of 

bases may potentially cause genetic 

mutation, which in ALD is the underlying 

cause of the disease. 

Protects against protein damage Ippoushi et al 2003, pg. 3435 

 

Ansari et al (2008) demonstrated that ginger acts to decrease inflammation by direct 

attack of free radicals and will also reduce lipid peroxidation. Ansari et al (2008, pg. 

148) also discusses how ginger significantly decreases protein oxidation in diabetic 

rats. Rats were seen with high markers of oxidative stress, and those which were 

treated with ginger saw significantly lower levels. Glycosylated haemoglobin, another 

marker of inflammation was measured in rats by Ansari et al (2008) and much higher 

levels were seen in the control group as opposed to rats administered with ginger. 

Their study also showed an increase of SOD in rats not treated with ginger, indicating 

that ginger may be a scavenger of the free oxygen radicals, and that it potentially 

prevents the increase of SOD in the experimental group.  

 

Ahmed et al (2008) demonstrated that oxidative damage in male rats exposed to 

synthetic pesticide Lindane, were protected by ginger. Rats exposed to Lindane saw 

an increase in SOD activity, indicating a higher need for antioxidant action and levels 

of SOD were reduced when ginger was given. Similarly catalase, another enzyme 

quenching ROS and controlling hydrogen peroxide levels, was seen to decrease 

significantly in diabetic rats (control). Ansari et al (2008) demonstrated that the 

consumption of ginger was able to restore the levels of catalase to normal. In addition, 

serum glutathione levels were decreased in rats exposed to Lindane whilst increasing 
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activity of glutathione dependant enzymes. However, the feeding of ginger  altered 

enzyme function and “restored activity to near normal” (Ahmed et al 2008, pg. 903).  

Ahmed et al (2008) gathers that ginger is protective against oxidative stress and 

improves host antioxidant systems. Additionally, ginger may be beneficial in 

neutralising the effects of toxic free radicals by reducing lipid peroxidation. In sum, 

the mechanisms of actions mentioned above concerning ginger would be incredibly 

beneficial in the case of ALD.  
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Research Proposal 
 

The proposal is to conduct research surrounding LO (4:1 ratio of glyceryl-trioleate 

and glyceryl-trierucate) therapy alongside antioxidant therapy in ALD for 2-3 years. 

The purpose is to explore what degree of benefit antioxidant therapy will give in 

early/developing ALD and to examine the effect of the combination of both LO and 

antioxidants. The aim for this to be carried out is to give antioxidants and LO a 

definite place/relevance in ALD therapy. 

Design methods Placebo-controlled double blind study of the efficacy of 

LO and LO with antioxidants. 

Sample population and 

size 

At least 100 participants, boys with early ALD, they 

may be asymptomatic and may not have cognitive 

manifestations yet. The ages of the boys may vary, 

depending on the age of their diagnosis, however it 

would be more beneficial if they were younger and ALD 

was therefore less aggressive in order to thoroughly 

explore the benefit of LO and antioxidants in preventing 

further neurodegeneration.  

Data collections methods Because ALD is X-linked, it would be possible to screen 

boys who have known X-ALD relatives, or family 

members. It would also be beneficial to screen boys 

with idiopathic Addison’s disease.  

Continue to take data of individuals monthly, and do an 

overall monthly data analysis. At baseline and at every 

month during the study, participants will be required to 

get MRIs and undergo cognitive/sensory/motor testing, 

measure plasma VLCFAs and VLCFA ratio, markers of 

oxidative stress, and assess adrenal function monthly.  

It is essential to ensure excellent communication 

between the participant, the participant’s family, 

specialist/neurologist, nutritionist, and laboratories. 

Finally, Participants have the option to terminate or opt 
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out at any time.  

Main variables being 

measured 

Very long chain fatty acid levels, and ratio of C26:0 to 

C22:0, ACTH, markers of oxidative stress, cognitive 

function, radiological (MRI) examination.  

Intervention to be studied Group 1: LO 

Group 2: LO + ascorbic acid (500mg TDS) + a-

tocopherol (200IU/Day) 

Group 3: No treatment.  

 

 

CONCLUSION 
 

Based on the studies explored in this paper, nutritional and dietary intervention holds 

a promising position in the maintenance of ALD. Antioxidant therapy particularly has 

shown to markedly decrease oxidative stress and may therefore be used as a tool to 

prevent further progression of the disease in ALD sufferers. Dietary treatment with 

close monitoring of fat intake has progressively shown to be beneficial in ALD as 

VLCFA accumulation is a key contributor to the advancement of ALD. In sum, 

nutritional treatment should be considered more thoroughly as adjunct treatment in 

order to maintain a patient’s quality of life whilst being subjected to such a 

debilitating condition.
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