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INTRODUCTION
Vitamin E is a powerful, essential nutrient to the human diet. This potent fat-soluble antioxidant 

is necessary for life; without it, the human reproductive cycle comes to a halt. Relatively common 

in nature, the benefits of this nutrient stem from its ability to act as a powerful protectant against 

free radicals. As it is fat-soluble, it is able to penetrate into cellular membranes and readily react 

with harmful oxidizing agents, using its weak hydrogen bonds to neutralize potential oxidative 

damage. 

Found in a variety of foods, vitamin E is common to many fatty plant sources including wheat germ 

oil, almond oil, grapeseed oil, and canola oil. As it is already a component in many foods, vitamin 

E retains a high tolerable upper intake level set at 1,000mg by the U.S. Food and Nutrition Board. 

In addition, it is a common nutrient used in prepared or stored foods to help improve shelf life sta-

bility due to its antioxidant nature. 

Although the benefits of vitamin E have been well documented over the last century, research 

efforts have focused primarily on one half of this common antioxidant family, alpha-tocopherol. 

Despite this vast field of research, newer studies have shown that alpha-tocopherol fails to be 

the most powerful isoform of the nutrient. Instead, researchers have shifted toward studying the 

tocotrienol isoform, that expresses a more versatile reactivity with improved benefits. It has been 

from this exciting new perspective that DeltaGold® was formed – with the intention to improve 

upon the benefits of vitamin E supplements by shifting the current paradigm of vitamin E therapy 

to focus instead on the impressive potential of tocotrienols.  
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The “Birth” of Vitamin E
The early 1900’s saw the rapid discovery of 

individual molecules deemed essential for life. 

The nutrients that were first discovered in nature 

were isolated, synthesized, and reproduced 

in the laboratory for experimentation and 

commercialization. The first identified isomer 

of vitamin E, alpha-tocopherol, was deemed 

essential for childbirth. The word tocopherol is a 

compounding of the Greek words for birth and 

to carry1. 

With further research, it was determined that, 

like many natural compounds, vitamin E comes 

in several forms. The vitamin E family has two 

sister compounds: tocopherols and tocotrienols 

- they each have four isomers acknowledged by 

a corresponding Greek letter; α (alpha), β (beta), 

γ (gamma), and δ (delta). Although identical in 

their main structure, these isoforms show slight 

molecular differences in composition, creating 

variations in their functioning, performance 

and bioavailability.  

While vitamin E has been studied for nearly 100 

years, all eight of its isoforms have only been 

identified in the last 60 years, with numerous 

groundbreaking developments and studies 

in the last 20 years. Many are related to how 

readily the different forms can enter the body 

and factor in health and wellbeing. The slight 

differences in molecular structure have been 

shown to have dramatic differences of effect 

among the sister compounds. 

Tocotrienols, although less commonly consumed, 

are naturally found in many sources including rice 

bran, palm, and annatto. The superior benefits 

of tocotrienols over tocopherols have been 

supported by numerous studies. In fact, studies 

have illustrated tocotrienol’s ability to help 

reduce the risks associated with cardiovascular 

disease2,3, metabolic syndrome4,5, diabetes6, 

and bone injuries7-10 — as well as promote skin 

health13-15. 

Because alpha-tocopherol has proven to be the 

most common form of vitamin E, the majority 

of research efforts have concentrated on 

alpha-tocopherol treatment. However, it was 

the discovery of tocotrienols in the 1960s that  

further established the antioxidant potential of 

vitamin E16,17. The first tocotrienol supplements 

were brought to market by Dr. Barrie Tan, the 

inventor of several tocotrienol extraction 

processes. Dr. Tan derived his tocotrienols from 

rice, palm, and annatto sources. Tocotrienols 

from palm were the first to be commercialized 

in 1992, followed by the introduction of rice 

tocotrienols in 1996, and culminating in the 2002 

development of the finest tocotrienol ingredient 

yet, sourced from annatto. In 2005, DeltaGold® 

was premiered as the first tocopherol-free 

tocotrienol supplement derived from annatto 

seeds. The annatto plant originates from the 

Amazon rainforest and has been used since 

ancient times. Its Latin name, Bixa orellana, is 

derived from Spanish conquistador Francesco de 

Orellana, who led several scientific expeditions 

to the Peruvian and Brazilian jungles in the 

16th century. Annatto as a natural colorant was 

introduced into the U.S. during the 17th century, 

and today it is used in the coloring of butter, 

cheeses, snacks, fruit fillings, and many other 

foods in the industry worldwide. 
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Benefits of 
Tocotrienols 
Since its introduction, annatto tocorienols have 

emphasized the absence of tocopherols from 

its make-up as many studies have shown they 

interfere with the functions and benefits of 

tocotrienols. By definition, “tocopherol-free” is 

the amount found to be below the measurable 

limit of alpha-tocopherol by high performance 

liquid chromatography (HPLC) methods, which is 

less than 0.1%. Both palm and rice sources have 

high tocotrienol and tocopherol composition; 

however, only the annatto plant boasts a pure 

naturally derived source of vitamin E tocotrienols. 

Thus, annatto tocorienols are the only known 

source of tocotrienol that is not synthetically 

curated to be free of tocopherol and provides 

the highest natural content of the powerful 

delta-tocotrienol isoform. Compared to other 

major sources, annatto-originated tocotrienols 

have a distinct advantage in lowering cholesterol 

and enhancing cellular health without the 

interference of alpha-tocopherol18.  

Various clinical studies have supported that 

the most effective dose of annatto tocotrienols 

to reduce cholesterol is 250mg/day, though 

significantly higher doses have been documented 

without adverse effects19. To optimize absorption, 

it is recommended that the supplement be taken 

with a meal20. Due to possible interference, it is 

also recommended that tocotrienols be taken 

approximately six hours apart from tocopherol-

containing supplements. It is important to note 

that normal dietary consumption of alpha-

tocopherol from food is too small to disrupt 

tocotrienol supplementation. 

Annatto Tocotrienol’s Superior 
Antioxidant Properties 

Many antioxidants exist in nature, including lycopene, 

CoQ10, and lutein. However, vitamin E has proven 

to be highly effective and uniquely equipped to 

penetrate and reside within the cell membrane, 

unlike many other water-soluble antioxidants. Aside 

from being 50 times more effective than tocopherols 

at protecting cell membranes, tocotrienols can 

safeguard the composition of essential fats found in 

foods and supplements like omega-3s21,22. Above all 

isomers, gamma- and delta-tocotrienol were found 

to have the greatest antioxidant properties23,24. Their 

antioxidant attributes are determined by their ability 

to limit fat oxidation and combat radical oxygen 

species production. Interestingly, in vitamin E mixtures 

containing both tocotrienols and tocopherols, a higher 

concentration of alpha-tocopherol was associated 

with lower antioxidant activity25. 

  

In food production, limiting the oxidation of fats can 

greatly improve and retain their flavor and reinforce 

the reach of their health benefits. Increasing the 

fortification of polyunsaturated fatty acids is a major 

concern of the food industry. Historically, antioxidants 

like vitamin E (predominantly tocopherol) are applied 

to increase shelf life by preventing flavor degradation 

and preserving the nutritional quality and safety of 

the product. Studies have shown that the antioxidant 

effects of annatto tocotrienols in fish oil and infant 

formula were more potent in preservation than palm 

tocotrienol, alpha-tocopherol, delta-tocotrienol, and 

delta-tocopherol over 28 days22. Moreover, alpha-

tocopherol and delta-tocopherol actually exhibited a 

prooxidant effect. 

In a study exploring the effects of annatto tocotrienol-

infused sunflower oil, fried tortilla chips had reduced 

rancid flavor from lipid oxidation that occurs at 

high temperatures26. Furthermore, tocotrienols were 

absorbed into the chip and prevented the degradation 

of alpha-tocopherols. These results suggest that 

tocotrienols can be conveniently enriched into fried 

snack foods, while also enhancing their shelf life. 

History and Discovery 
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The Structure of Tocotrienol 
and Tocopherol 
As mentioned, the sister compounds of vitamin E vary only slightly in molecular structure. Both contain a 

chromanol nucleus responsible for their potent antioxidant characteristics. Tocopherols contain a phytyl tail 

without double bonds. Tocotrienols, however, share the same chemical composition as tocopherols up until 

the tail, shifting their composition to a farnesylated tail which can impact cholesterol formation. The unique 

tail of tocotrienols allows them to slow down the synthesis of cholesterol by a negative feedback mechanism 

with 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase. This enzyme is essential for cholesterol 

formation and can be a critical element in managing cholesterol levels and the development of several cancers27. 

This function remains elusive for tocopherols, which lack the necessary structures to regulate cholesterol 

synthesis28. 

Both tocopherols and tocotrienols contain four isomers named alpha, beta, gamma, and delta. The majority 

of tocotrienol benefits stem from the desmethyl tocotrienol group, referring to delta- and gamma-tocotrienols. 

The desmethyl tocotrienols include fewer methyl groups and maintain the highest potency, with the delta 

substituent being the most potent of all. 

The majority of dietary vitamin E supplements contain primarily tocopherols due to the scarce selection of 

sources used for vitamin E extraction. These sources consist of common plant-based oils such as canola, 

soybean, and corn oils. Sources with high concentrations of tocotrienols can be found in less widely-used 

sources known for their high antioxidant values like palm and rice bran oils, as well as the annatto plant15-17. 

While tocopherols retain a strong antioxidant capacity, they lack the promising anticarcinogenic properties 

and the ability to regulate cholesterol synthesis. 
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Tocotrienol Mechanisms 
In 1985, the Nobel prize was awarded to the Michael Brown and Joseph Goldstein research group 

for discovering the LDL cholesterol receptor and explaining how cholesterol is regulated through 

HMG-CoA reductase29. The significance of this work was soon realized by the profound impact it had 

on cardiovascular disease research, improving the clinical understanding of hypercholesterolemia, 



chronic inflammation, atherosclerosis, and non-alcoholic fatty liver disease. 

One of the imperial benefits of tocotrienols is their molecular ability to interact with HMG-CoA 

reductase through a controlled degradation of the reductase protein30,31. Gamma- and delta-

tocotrienols stimulate this mechanism and further block the processing of the sterol regulatory 

element-binding protein (SREBP), a key component in triglyceride synthesis. This move prevents the 

synthesis of cholesterol and slows down the storage of lipids, aiding in diabetic and obesity outcomes. 

Based on their structure, tocopherols lack the ability to interact with cholesterol – unlike tocotrienols 

– and have even been shown to worsen circulating cholesterol levels32. 

In fact, tocopherols are unable to degrade, downregulate, or block these processes24 and retain only 

partial antioxidant potency in comparison to tocotrienols33. This is in part due to the increased ability 

of tocotrienols to be absorbed into cell membranes from their desmethyl substituents. Additionally, 

gamma- and delta-tocotrienols have been found to be four times more effective at scavenging free 

radicals than any of the other vitamin E counterparts33. 

Tocotrienol Absorption and Bioavailability 

As part of the vitamin E family, tocotrienols are fat-soluble and require the co-consumption of dietary 

lipids for proper absorption. During digestion, they form with other nutrients into emulsified particles 

called chylomicrons that enable them to be transported through the gut and into the bloodstream 

toward the liver. Afterward, the liver repackages them into small particles called lipoproteins that 

function to transport cholesterol and lipids to peripheral tissues. These lipoproteins act as “fat 

shuttles” to disperse tocotrienols and tocopherols as needed. In general, tocopherols remain attached 

to the lipoproteins and remain in circulation as they travel through the blood and back to the liver. 

Tocotrienols, however, have been shown to separate from their lipoprotein shuttles and deposit in 

several organs including the brain, spleen, lungs, kidneys, and heart34,35, with particular preference to 

fat tissue, skin, and heart36. This quality exemplifies their impressive bioavailability, assuring tocotrienols 

leave circulation and effectively penetrate into various tissues for optimal results. 

Until recently, alpha-tocopherol was widely regarded as the most bioavailable form of vitamin E. The 

complexity of this issue stems from a unique protein called alpha-tocopherol transport protein, or 

ATTP, which preferentially repackages alpha-tocopherol into the LDL cholesterol transport vehicle. 

This allows alpha-tocopherol to travel through circulation at much higher levels, conserved in the 

blood by its carrier. Tocotrienols, on the other hand, attach to HDL cholesterol, causing their levels to 

rapidly drop in the blood. This is due to their fast absorption into surrounding tissues before completing 

their hepatic circulation back to the liver37,38. 

Two studies on annatto tocotrienols were able to confirm the ability of tocotrienols to rapidly enter 

the bloodstream through a clinical trial involving varying doses of the supplement. When taken with a 

meal, the tocotrienols were properly absorbed and peaked in the blood between 2-5 hours, expressing 

their uniquely effective uptake39,40. Already, additional trials are underway to explore the extent of 

their bioavailability and impact in various other tissues, such as fat.  

Mechanism, Absorption, and 
Bioavailability of Tocotrienol
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Tocopherol Interferes with 
Tocotrienol 
As discussed, tocopherols fail to improve cholesterol levels and in some cases worsen them32. Studies 

have repeatedly shown that when co-administered, tocopherols interfere with the cholesterol-lowering 

action of tocotrienols, limiting their benefits41. Several studies suggest that anything more than a 

15% content of tocopherols can prevent the cholesterol-lowering effects of tocotrienols32,42,43. Various 

clinical studies confirm these guidelines, since high alpha-tocopherol concentrations likely contributed 

to their failure in reaching desired outcomes44-46. Supplements with higher concentrations of alpha-

tocopherol were not found to lower the risk of cardiovascular events44-46. Moreover, tocopherols 

prevented the absorption and penetration of tocotrienols in several organs34,47,48, interfering with 

tocotrienol benefits directly by: 

•	 compromising cholesterol and triglyceride reduction32,49-51   

•	 lowering antioxidant capacity25

•	 preventing anti-carcinogenic activity49,52,53

•	 blocking tocotrienol absorption47,48

•	 causing tocotrienol break-down54

•	 preventing adipose storage of tocotrienols50

Additionally, some studies have found tremendous negative effects of alpha-tocopherol 

supplementation when combined with certain pharmaceuticals. These studies have reported 

interaction and degradation of certain prescription drugs, including interfering with chemotherapy 

medications53,55,56. Alpha-tocopherols have also been found to increase blood pressure and serum 

cholesterol levels, including oxidized LDL cholesterol32,51,57-60. Moreover, the risk of certain ailments has 

been shown to heighten due to alpha-tocopherol supplementation, including prostate cancer and 

glioblastoma, as well as exacerbation of stroke injuries60-62.    
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Cardiovascular Benefits of 
Annatto Tocotrienol 
Previously, alpha-tocopherol had been widely studied for its efficacy in combating free radicals 

associated with aging and disease. Although the tocopherol family has been widely accepted for 

their healthy attributes, new and innovative research has highlighted the potential of tocotrienols 

as more dominant promoters of overall wellbeing. Already, studies have illuminated the numerous 

health benefits associated with tocotrienol supplementation, including natural boosts to bone, skin, 

metabolic, cellular, and even cardiovascular health. 

Unfortunately, the lack of nutrition associated with the American diet has increased the prevalence 

of pharmaceutical strategies to combat growing incidences of disease. The rising trend of adverse 

health effects associated with these drugs has leading health specialists investigating opportunities 

to incorporate more natural remedies. Identifying a strong contender to more traditional methods has 

been at the forefront of therapeutic and preventative medicine for years. Recent studies have shown 

supplementation with high-quality tocotrienols may be the missing link in supporting improvements 

for ailments associated with the heart and blood vessels. 
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High Cholesterol 
Approximately one in every three adults in the US has at one point been 

diagnosed with high cholesterol, increasing their risk of heart disease63. 

Initial studies in the 1980s supported by the University of Wisconsin, 

Madison brought to light that tocotrienols were different from tocopherols: 

they were able to lower cholesterol64. Building on this research, studies 

from the University of Texas sought to evaluate the mechanisms involved 

in tocotrienol’s effect on cholesterol regulation31. It was shown that great 

variances between tocopherol and tocotrienol family members exist, 

noting both gamma- and delta-tocotrienol most effectively lowered LDL 

cholesterol levels up to 66%28. 

However, the ability to translate animal studies to clinical relevance 

continues to plague many research efforts. Thus, determining a human 

dose equivalent remains a primary focus in investigatory studies. In an 

effort to examine human relevancy, researchers isolated tocotrienols from 

the annatto plant and introduced them in varying doses to individuals 

with high cholesterol19. Results showed that after only 4 weeks, a dose of 

250mg decreased total cholesterol by 15%, LDL cholesterol by 18%, and 

triglycerides by 14%. These studies suggest tocotrienol supplementation 

could effectively improve cholesterol even at low doses. 

Inflammation
Cardiovascular disease is normally associated with high cholesterol due to its interaction with the 

arterial walls and plaque formation. Surprisingly, half of patients presenting with heart attacks have 

normal cholesterol levels. For these individuals, inflammation plays a role in furthering cardiovascular 

disease progression by recruiting white blood cells to stick to arterial walls and initiating plaque 

buildup. In addition to their potent antioxidant effects, tocotrienols have strong anti-inflammatory 

properties. New research has demonstrated the ability of alpha-, gamma-, and delta-tocotrienols to 

strongly inhibit the inflammatory response in mice, with delta-tocotrienol being the most effective65-67. 

In this context, tocotrienols can promote the function of certain cells that degrade damaged tissue 

and increase the immune system’s ability to fight inflammation. At the same time, tocotrienols can 

induce a specific hormone that produces an anti-inflammatory steroid, directly blocking inflammatory 

pathways. Additional studies have found evidence that tocotrienols might reduce inflammatory cell 

production and potentially improve a number of biomarkers65-67. 

Clinical studies investigating this effect have supported claims of tocotrienol’s impressive anti-

inflammatory benefits. The most notable biomarker for inflammation is high-sensitivity C-reactive 
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protein (hsCRP). hsCRP has been clinically used to determine the presence and severity of 

inflammation in many patients across a multitude of conditions. Numerous studies have found 

remarkable reductions of this inflammatory marker by up to 40% in hypercholesterolemic patients 

using tocotrienol supplementation4,68,69. Furthermore, when combined with other anti-inflammatory 

ingredients, tocotrienol exhibited a synergistic effect, rapidly decreasing inflammation. In a study 

combining annatto tocotrienol with niacin, vitamin B3, in elderly adults, significant reduction of CRP 

and γ-glutamyl-transferase (a predictor for non-fatal myocardial infarction and fatal coronary heart 

disease) was noted, while increasing the body’s natural antioxidant capacity68,70. This study also 

showed significant reduction in LDL cholesterol levels and improvement of dyslipidemia symptoms. 

Most notably, there were no adverse effects associated with the 6-week supplementation period, 

counter to many pharmaceutical methods. 

Risk Factors of Heart Disease 
The development of heart disease is often associated with 

an individual’s risk of high cholesterol, inflammation, and 

hypertension. Additionally, hypertension can be caused by 

the accrual of plaque and “adhesion” cells that restrict the 

lining of the arteries and block blood flow to the brain. Most 

traditional pharmaceutical methods address the symptoms 

of heart disease by alleviating the body’s response to these 

factors. The risks associated with these medications are 

numerous and do little to counteract the actual cause. The use 

of natural bioagents instead focuses treatment at the core of 

the issue by supporting the body’s natural defenses against 

the development of the condition. Resolving the source of the 

issue rather than alleviating the symptoms exemplifies how 

tocotrienols impart benefits for a healthy heart. Research has 

supported the use of tocotrienols to address many of these 

risk factors. 

Cardiovascular Benefits
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Hypertension is known as a silent killer because a person can live years 

without any symptoms. Approximately 32% of American adults have 

hypertension, and 25% have pre-hypertension, supporting the necessity 

of blood pressure-lowering therapies71. Animal studies have shown that 

tocotrienols effectively decrease blood pressure, with the strongest 

evidence in support of gamma-tocotrienol72,73. In human studies, 

tocotrienols have been shown to improve arterial function by reducing 

blood pressure as well74,75.

 

Carotid arteriosclerosis is a condition defined by the narrowing of 

arteries in response to plaque buildup, reducing blood flow. In a 4-year 

study on patients with carotid arteriosclerosis, a 240 mg/day dosage of 

tocotrienol-tocopherol supplementation caused regression of the disease 

in 88% of the treatment group. The control group receiving a placebo 

deteriorated by 60% with very little improvement. Moreover, the patients 

treated with tocotrienol found that their total cholesterol decreased 14%, 

and LDL cholesterol fell 21% by the fourth year of the study76. 

Before turning 35, two out of three Americans will have some degree of 

plaque buildup in their arteries77. Some of the most profound evidence in 

support of the effects of tocotrienol on cardiovascular health comes from 

the plethora of studies evidencing a strong impact on plaque reduction. 

Comprehensive studies on animals investigated the impact of tocotrienol 

supplementation in comparison to tocopherol or non-supplementation. 

Several studies have established tocotrienols, especially delta- and 

gamma-tocotrienols, significantly reduced plaque scores, plaque 

stabilization and inflammation, three of the pillars responsible for overall 

atherosclerosis78,79. Results to date indicate that animals on a westernized 

diet and given mixed tocotrienols had 60% lower serum cholesterol levels 

and reduced atherosclerotic lesions by 10-fold80. Similar studies have 

supported these findings, determining tocotrienols as 30% more effective 

than tocopherols at reducing lesion size81. 

Inflammation levels also promote the development of arterial adhesion, 

a process where cells aggregate and stick together, forming clotted 

substances and reducing arterial blood flow. Studies have shown that 

tocotrienols positively affect this cell adhesion process, preventing the 

steps involved in atherosclerosis and plaque formation82,83. In examining 

the differences between tocotrienol and tocopherol therapies, delta- 

and gamma-tocotrienol were 60x and 30x more potent than alpha-

tocopherol, respectively84. 

Hypertension

Narrowing of the 
Arteries

Plaque Buildup
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Metabolic Health Benefits  
of Annatto Tocotrienol 
The obesity epidemic has affected the lives of more than two-thirds of Americans85. With increased 

weight gain comes an accolade of metabolic disorders, often leading to more serious outcomes. Many 

of the diseases associated with obesity occur from unnatural changes in a person’s metabolism, 

sometimes leading to dysregulated fasting blood glucose, systemic inflammation, and dyslipidemia. 

The best way to reduce the risk of these ailments is by improving a person’s health through diet and 

exercise. Many studies have shown the effectiveness of lifestyle changes. However, in more severe 

cases, determining faster ways to improve risk factors of metabolic disorders continues to be a top 

priority. Modern medicine has introduced numerous effective pharmaceutical agents, although many 

of these drugs have adverse health effects. Additionally, pharmaceuticals are employed to alleviate 

symptoms — whereas more natural remedies can actually help address the cause. 

Health scientists have applied experimental studies to many of these natural agents to determine their 

therapeutic potential. Tocotrienols have been shown to be more powerful than their more infamous 

counterparts: tocopherols. As tocotrienols have been established to have a strong anti-inflammatory 

effect, research evaluating their impact on metabolic health has produced encouraging results for 

ailments such as metabolic syndrome, diabetes, dyslipidemia, and non-alcoholic fatty liver disease 

(NAFLD). 

Dyslipidemia and Cholesterol 
Metabolic syndrome – by way of diabetes – has also been linked to cardiovascular health, with 

statistics showing 70% of patients with diabetes die from cardiovascular events86. As tocotrienols have 

been shown to improve cholesterol and lipid levels, they can then play a pivotal role in extending the 

lives of many diabetic and non-diabetic patients alike. Patients with diabetes prescribed LDL-lowering 

therapies normally experience many side effects, creating a need for alternative treatment. Several 

studies exploring the effects of tocotrienols have shown significant reductions in lipid and cholesterol 

levels.  In one study, diabetic patients who supplemented with mixed-tocotrienols experienced 

decreased lipid levels by 23%, total cholesterol by 30%, and LDL-cholesterol by 42% within 60 days6. 

Further yet, mice studies found that tocotrienols have the ability to promote fat oxidation and reduce 

cholesterol within the blood5 . Burning fat stores and reducing cholesterol can help relieve symptoms 

of metabolic syndrome and diabetes and improve heart health. Surprisingly, these studies also 

determined that alpha-tocopherol did not show similar effects. In fact, when administered together, 

alpha-tocopherol prevented the benefits of tocotrienols. Similar to animal studies, alpha-tocopherol 

was shown to interfere with outcomes in humans when taken in conjunction with tocotrienols, negating 

any health benefits5. Clinical trials that removed alpha-tocopherol and supplemented tocotrienols 

alone were shown to drastically increase their effectiveness at lowering total cholesterol, LDL, and 

triglyceride levels between 15-20%19. 
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Non-Alcoholic Fatty  
Liver Disease  
Many metabolic disorders promote high 

levels of inflammation that can induce 

cardiovascular and liver damage. The 

research supporting tocotrienols as a 

powerful natural anti-inflammatory agent 

suggest it can do more than help alleviate 

inflammation related to dyslipidemia. These 

studies determined that delta- and gamma-

tocotrienol specifically have an ability to 

decrease the activity of the inflammatory 

cells responsible for the damaging effects of 

many chronic metabolic diseases87,88.  Non-

alcoholic fatty liver disease (NAFLD) is a life-

threatening condition caused by excessive 

fat deposits on the liver that inflame the 

organ and cause cirrhosis. 

The National Institute of Health has determined that NAFLD affects 30-40% of US adults, making it a 

serious concern89. Many studies have confirmed tocotrienols’ ability to relieve inflammation and burn 

fat stores, improving the prognosis for NAFLD patients. 

In one animal study, the effects of tocotrienol therapy on obesity-related inflammation and fatty 

liver disease were evaluated90. Over 14 weeks, obese mice showed incredible reductions to their 

circulating lipid levels, fasting blood glucose, and inflammation levels. Additionally, inflammation and 

fat accumulation within the liver decreased. Similar results can be seen in human clinical trials with 

patients at risk for NAFLD4,19. One such study exhibited a 15-16% decrease in biomarkers for liver 

damage associated with the disease. Moreover, significant reductions in circulating lipid levels and 

inflammation were reported while using DeltaGold® in these patients with ultrasound-confirmed fatty 

liver disease. Notably, patients in the tocotrienol-supplemented group lost an average of 9.7 pounds, 

improving their fatty liver index score by 11%. While this first study testing annatto tocotrienols in NAFLD 

patients lasted a duration of 12 weeks, liver biomarkers were tested again after 24 weeks, showing 

further improvements for fatty liver parameters176. Both the 12-week and 24-week trials included 

measurements of serum aminotransferases (ALT, AST) and gamma-glutamyl transferase (GGT), while 

inflammatory high-sensitivity C-reactive protein (hs-CRP), oxidative stress marker malondialdehyde 

(MDA), and triglycerides were also tested. The Fatty Liver Index (FLI), which includes measures of 

weight, BMI, waist circumference, GGT, and triglycerides, was used to predict liver fat storage.

In addition, the 24-week study looked at changes in interleukin 6 (IL-6), tumor necrosis factor 

alpha (TNF-alpha), leptin, and adiponectin, and tested patients for hepatic steatosis severity via 

ultrasonography. The study also assessed the gold standard of insulin resistance using the homeostatic 

model assessment of insulin resistance (HOMA-IR) calculation. 

14



Metabolic Health Benefits

Continued improvements in biomarkers of hepatic stress reduction were evident after 24 weeks, with 

decreases of 18-21% in ALT and AST. Furthermore, significant decreases in triglycerides (13%), MDA 

(19%), and hs-CRP (21%) were indicative of additional reductions in inflammation compared to the 

12-week results. Similarly, the FLI score decreased 15% as compared to 11% at 12 weeks, pointing to 

continued intrahepatic fat reduction over time. This is further supported by the remarkable observation 

that during the 12-week treatment period, patients in the tocotrienol-supplemented group lost an 

average of 9.7 pounds, whereas weight loss increased to 14.9 pounds after 24 weeks. 

The longer treatment period of 24 weeks allowed for additional measurements, notably the grading of 

hepatic steatosis severity by ultrasonography. Following the treatment period, there were 10 patients 

with a 1 degree reduction and one patient with a 2 degree reduction in hepatic steatosis. In the placebo 

group, only 4 patients showed a 1 degree reduction in hepatic steatosis attributable to lifestyle changes.

Examining metabolic syndrome risk factors, other measurements at 24 weeks included HOMA-IR, 

adiponectin, and leptin. HOMA-IR was reduced by 15% in the tocotrienol group. Both adiponectin and 

leptin are hormones that are critically secreted by adipose tissue. Adiponectin regulates glucose levels 

and fatty acid breakdown, whereas leptin can be pro-angiogenic, pro-inflammatory, and chronically 

elevated in obesity. In the tocotrienol group, adiponectin levels increased by an astonishing 44%, 

whereas leptin decreased by 18%. In comparison, adiponectin in the placebo group increased by only 

3%, with leptin decreasing 3%. IL-6 and TNF-alpha, also thought to be major inflammatory mediators of 

both NAFLD and insulin resistance, were reduced by 24% and 21%, respectively, in the tocotrienol group.

The authors noted that “delta-tocotrienol supplementation for 24 weeks effectively improved biochemical 

markers of hepatocellular injury and steatosis in patients with NAFLD,” further remarking that “delta-

tocotrienol might be considered as a therapeutic option in the management of patients with NAFLD.”176
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Metabolic Syndrome and 
Diabetes 
Metabolic syndrome, an ailment closely associated with obesity, is defined as a collection of risk factors 

that can increase a person’s probability of developing heart disease, diabetes, or stroke, including91,92:

As metabolic syndrome is closely related to the development of type 2 diabetes, therapies improving 

symptoms for one can often improve risk factors of the other. Patients with diabetes suffer from uncontrolled 

changes in their blood glucose that can have harmful effects on their immune system. According to 

the American Diabetes Association, 30 million Americans have diabetes with an additional 85 million 

Americans having been diagnosed with prediabetes, representing more than one-third of all Americans. 

Animal studies experimenting with tocotrienols have reported substantial evidence of their anti-

inflammatory and anti-diabetic properties in relation to metabolic syndrome. These studies found that 

tocotrienols were able to regulate metabolism by improving fasting blood glucose, an indicator of diabetes. 

Additionally, they had a profound effect on relieving inflammation levels in obese mice and reducing fat 

storage levels in such diseases associated with metabolic syndrome. In one study, researchers determined 

that several forms of tocotrienols were significantly more effective at reducing cardiac inflammation than 

alpha-tocopherol5. At a human dose equivalent of 800 mg/day, delta- and gamma-tocotrienol improved 

cardiovascular function and blood pressure levels, while delta-tocotrienol specifically helped normalize 

glucose levels associated with diabetes. 

Excitingly, human studies have supported similar findings. Often, translatability of animal research must 

overcome many hurdles to find common ground among human clinical trials. However, several studies with 

tocotrienol therapies have shown significant reduction of symptoms in patients with metabolic syndrome 

and diabetes. For example, rice bran water (a tocotrienol supplement) was shown to reduce high blood 

glucose and boost insulin levels93. 

In a 24-week study of 110 type 2 diabetes mellitus patients, annatto tocotrienols were administered at a 

dosage of 250mg/day, which led to improved glycemic control accompanied by reduced inflammation 

and oxidative stress, and was further confirmed by modified miRNA expression177. This was compared to 

a blinded and placebo group. All patients were advised a lifestyle modification of regular physical activity 

and continued on their typical hypoglycemic agents without insulin usage.
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Metabolic Health Benefits

As its primary endpoint, the 24-week trial explored whether annatto tocotrienols, in addition to 

hypoglycemic agents, diet, and exercise, could improve glucose control while reducing inflammation 

and oxidative stress. HbA1c, a long-term stable measure of blood sugar control, was successfully 

reduced from 8.3% to 7.8%, approaching the 7% threshold at which diabetes complications can be 

delayed or prevented. There was no change in HbA1c levels in the placebo group, which remained 

at 8.4%. In addition to improved glucose control, researchers found that inflammation, marked by 

high-sensitivity C-reactive protein (hs-CRP), was reduced by 10%, whereas these levels increased in 

the placebo group. Oxidative stress was also lowered significantly, with biomarker malondialdehyde 

(MDA) dropping by 9% without change in the placebo group. 

Secondary endpoints further strengthened tocotrienol benefits for T2DM patients. Blood sugar 

management was supported by significant reductions in fasting blood glucose (6.8%), insulin (7.6%), 

and the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR; 13.1%) for patients taking 

annatto tocotrienols, while these biomarkers remained largely unchanged in the placebo group.

Notably, triglyceride levels, which are typically elevated before hyperglycemia sets in, dropped by a 

significant 10.3%, with only a 0.9% change noted in the placebo group. Although the study was not 

designed to monitor hypercholesterolemia, total cholesterol and LDL cholesterol levels in the tocotrienol 

group were reduced by 7.2% and 8.5%, respectively, with little to no change in the placebo group.

Mirroring results of other clinical trials conducted with annatto tocotrienol, supplemented patients, 

but not the placebo group, saw significant reductions in inflammatory markers, with IL-6 and TNF-

alpha dropping 15.9% and 13.7%, respectively.

Further cementing tocotrienol’s functional advantage for T2DM patients, the researchers showed 

2-3-fold modifications in microRNAs associated with diabetes, inflammation, and oxidative stress. 

Lauding tocotrienol as a long-term control and prevention measure for diabetes, the researchers 

noted that “delta-tocotrienol in addition to oral hypoglycemic agents improved glycemic control, 

inflammation, oxidative stress, and miRNA expression in T2DM without any adverse effect.”177

In another 24-week study of 120 type 2 diabetes mellitus patients, delta-tocotrienol – administered at 

a dosage of 500mg/day – was compared to vitamin D3 and resveratrol, all of which led to improved 

glycemic control accompanied by reduced inflammation and oxidative stress178. This study was blinded 

and compared to a placebo group. In a separate 24-week study of 112 T2DM patients, a combination 

of 250mg delta-tocotrienol, 250mg resveratrol, and 5,000 IU vitamin D3 were tested against placebo, 

for the same parameters, with similar or slightly improved beneficial results. 

In the 24-week trial studying individual components, delta-tocotrienol was more effective than 

vitamin D3 and resveratrol in all parameters measured (except IL-6), and efficiently improved glucose 

control while reducing inflammation and oxidative stress. HbA1c was successfully reduced from 8.4% 

to 7.8% without change in the placebo group. In addition to improved glucose control, researchers 

found that inflammation, marked by high-sensitivity C-reactive protein (hs-CRP), was reduced by 

12%, while TNF-alpha dropped by 14%. Oxidative stress was also lowered significantly, with biomarker 

malondialdehyde (MDA) dropping by 11% without change in the placebo group.
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Additional endpoints further strengthened 

delta-tocotrienol benefits for T2DM patients. 

Blood sugar management was supported by 

significant reductions in fasting blood glucose 

(7%), insulin (9%), and the Homeostatic Model 

Assessment of Insulin Resistance (HOMA-IR; 

14%) for patients taking annatto tocotrienols, 

while these biomarkers remained largely 

unchanged in the placebo group.

As a first, this trial showed that of all the groups 

studied, delta-tocotrienol had the strongest 

effect on adhesion molecules, reducing markers 

such as VCAM-1 and ICAM-1 by 55-75%. A 

combination of delta-tocotrienol, vitamin D3 

and resveratrol, studied in a separate 24-

week trial, performed >20% better than delta-

tocotrienol alone, improving glycemic control 

by decreasing HbA1c, HOMA-IR and insulin 

10-20%, and lowering inflammation markers by 

20-25%178.

As many other phytonutrients like tocotrienols 

that are found in nature can have similar anti-

inflammatory and anti-diabetic mechanisms, 

finding natural agents that can work together 

to increase their efficacy shows exciting promise 

in disease research. In some clinical trials, 

these bioactive ingredients formed complex 

synergistic relationships with tocotrienols, 

such as quercetin, resveratrol, and B-vitamins, 

increasing their effectiveness68,70. Although this 

thrilling field of research is still in its early stages, 

new studies have continued to unveil the healing 

potential of mother nature.
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Bone Health Benefits of 
Annatto Tocotrienol 
Thanks to modern medicine, the average life 

expectancy has greatly increased over the 

last 100 years. However, as we witness longer 

life spans, our bodies have begun to exhibit 

more serious ailments associated with aging. 

For example, as we age our normal bone 

strengthening ability deteriorates, making it 

harder to maintain proper bone health. This 

initiates the development of osteoporosis, a 

silent bone disease that contributes heavily 

to elderly mortality in both women and men8. 

Osteoporotic fractures can do more harm than 

just limit the mobility of elderly adults; they 

can also drastically lower their quality of life 

and even cause death. Taking steps to improve 

bone health early on can slow down symptoms 

of bone frailty and lower the risk of fractures 

in aging adults. Typical methods to improve 

bone density include mineralization and drug 

therapies that come with a range of undesirable 

side effects. Consequently, the search for 

alternative therapies has sparked researchers 

to consider other compounds found in nature.  

As a well-established natural antioxidant that 

can combat oxidative stress and inflammation, 

vitamin E has been used in many research 

studies. Despite the health benefits associated 

with alpha-tocopherol, tocotrienols were shown 

to be the competitive treatment alternative94. 

In osteoporotic studies, alpha-tocopherol 

supplements have shown limited potential in 

improving bone health95. Recent efforts using 

tocotrienols instead have shown that they are 

incredible preventative agents. Their benefits 

stem from their profound ability to combat 

oxidative stress, strongly regulate inflammatory 

pathways and support normal bone remodeling 

processes.   

In preclinical studies, tocotrienols have been 

tested in a wide variety of bone loss models. 

The most frequently used models include those 

of estrogen deficiency96-98, representing women 

ages 45+ entering menopause, and those 

of testosterone deficiency7,8, corresponding 

to men ages 70+ with age-related bone loss. 

Other preclinical models used nicotine to 

induce oxidative stress-related osteoporosis, as 

well as chronic steroid medications that carry 

bone loss as a severe complication of drug 

therapy99. In all of these studies, tocotrienols 

were able to prevent bone loss by reducing high 

bone turnover rate, increasing bone formation 

(even at a genetic level), and maintaining 

bone strength. Combinations with lovastatin 

were also explored98,100, and tocotrienol action 

was either additive or synergistic for bone 

support, indicating that it could be a valuable 

supplement for patients taking statins. One 

research group studied the direct application of 

tocotrienol with lovastatin to a fracture site, and 

found the combination to significantly improve 

fracture healing98.
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Regulating the effects of hormone activity related to serum calcium 

levels has proven to be an effective way of managing osteoporosis 
102. In cases of depleted vitamin D, levels of the parathyroid hormone 

rise and stimulate the release of calcium from the bones and into 

circulation. Removal of calcium leads to mineral gaps and decreases 

the stability of bones, leading to osteoporosis103. Fortunately, 

some studies have determined a relationship between tocotrienol 

supplementation and bone mineral retention. In one animal study, 

tocotrienols not only restored bone calcium levels, but prevented the 

development of osteoporosis104. Additionally, tocotrienols reduce 

the proliferation of specific bone cells that regulate resorption 

of bone16. By decreasing turnover rates, the bone retains its 

biomechanical strength and maintains its density. Furthermore, this 

research has extended to clinical trials that effectively suppressed 

bone resorption and expressed osteoprotective effects9.  

In a 12-week study of 87 postmenopausal women, DeltaGold® 

annatto tocotrienol was administered at dosages of 300 and 

600 mg/day†. Both doses led to decreased bone resorption and 

improved bone buildup. One bone biomarker, the BALP/NTX ratio, 

which is a measure of bone remodeling, increased 100% after 12 

weeks. In addition, the RANKL/OPG ratio that indicates bone 

resorption is high was reduced 13-24% after 12 weeks, whereas 

this ratio increased 21-36% in the placebo group. Furthermore, 

the use of annatto tocotrienol for application in postmenopausal 

osteopenic women was shown to be safe179. 

What causes tocotrienol to work so powerfully to protect the bone? 

Researchers believe that tocotrienol’s ability to reduce oxidative 

stress, which dropped by an astonishing 49% in tocotrienol-

supplemented individuals, is responsible for its osteoprotective 

effect105. 

Promoting 
Bone 
Density 
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Reducing 
Inflammation 
and Oxidative 
Stress 
Some specialists suggest the development 

of osteoporosis shares a strong relationship 

with the rising levels of systemic inflammation 

and free radicals associated with aging. As 

we age, the body’s ability to heal itself slows 

down. Normally, cells go through a natural 

cycle of growth and decay, often resulting in 

cell replication to continue the line. This normal 

process deteriorates with age, increasing a cell’s 

exposure to damaging oxidative stress and 

causing systemic inflammation. Chronic and 

systemic inflammation remain a hallmark for 

bone loss; thus, improving these parameters 

can have a profound effect on bone health. 

In animal studies, tocotrienols from annatto  

dramatically lowered inflammation and 

improved mechanical bone strength and 

bone cell health101. One of the primary ways 

inflammation affects bones is by interfering 

with bone remodeling processes and increasing 

bone resorption activity. Therefore, studies that 

reported the reduction of inflammatory signals 

from tocotrienol interventions successfully 

prevented bone loss 9.   

Bone Health Benefits
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Improving Calcium and 
Vitamin D Efficacy 
The development of osteoporosis is often associated with decline of certain hormone stimulators that 

signal the growth and maintenance of bone. In aging adults, this decline is typical and well-evidenced 

among both genders106. To counter these effects, health specialists recommend supplementing with 

vitamins and minerals to prevent bone degradation107. In more serious circumstances, estrogen 

replacement therapy may additionally be prescribed. In one clinical trial, tocotrienols in conjunction 

with calcium and vitamin D supplementation were shown to recuperate and prevent bone loss, 

showing that supplementation with annatto tocotrienols may improve traditional staple therapies on 

the shelves at your local grocery store†.
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Bone Health Benefits

Human 
Metabolomics
Metabolomics profiling is a systematic screening approach 

for evaluating the metabolic response to nutritional 

interventions. Its primary goal is to correlate changes 

in biochemical profile with a corresponding shift in 

physiology due to a nutritional change such as dietary 

supplementation. 

One study, featuring postmenopausal women on a 

600mg daily dose of annatto tocotrienol supplementation, 

took a comprehensive approach, detecting a total of 767 

structurally named biochemicals and categorizing them 

into six major categories, including amino acids, cofactors 

and vitamins, lipids, nucleotides, peptides, and xenobiotics180.

In the 12-week trial, annatto tocotrienol supplementation 

resulted in significant metabolic changes, including 

modification of metabolites associated with the redox 

environment. Importantly, tocotrienol conserved 

methionine to increase cysteine and glutathione, and 

decreased homocysteine. Further, annatto tocotrienol 

reduced catabolism of tryptophan to conserve this amino 

acid and tyrosine for protein synthesis, while modifying 

microbiome- and detox-friendly metabolites. 

Of importance to the study subject of postmenopausal 

osteopenia, annatto tocotrienol balanced hormones 

by a decreased output of steroid hormone metabolites, 

suggesting that supplementation improved 

dehydroepiandrosterone (DHEA) and progesterone levels.

Above all, annatto tocotrienol was incorporated into tissue 

cell membranes – building blocks of all cells – to improve 

phospholipids in favor of long-chain fatty acids, an 

important biochemical step crucial to the body’s roughly 

38 trillion cells.

The researchers noted that “the present study supports our 

previous findings that [tocotrienol] supplementation helps 

reduce bone loss in postmenopausal osteopenic women 

by suppressing inflammation and oxidative stress.”180
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Annatto Tocotrienol’s Positive 
Effects on Skin Health 
The skin is the largest organ of the body and acts as the first line of defense against pathogens 

and environmental toxins. Oftentimes, consumers turn to conventional skincare products to protect 

and nurture their skin. As new research continues to shed light on these ingredients, it’s becoming 

increasingly apparent they may be doing more harm than good. Luckily, natural ingredients may offer 

safe, effective alternatives. 

For over 50 years, vitamin E has been a staple in dermatological treatments. Many of these therapies 

taut the healing properties of vitamin E tocopherols, though few products have incorporated 

tocotrienols94. Recently, the benefits of tocotrienols have received more attention as they possess 

antioxidant properties that differ from the properties of tocopherols94. Additionally, support for 

tocotrienols has been found for their aptitude in skin care as studies have continued to expand on 

their protective nature. Research has shown a clear connection between tocotrienol supplementation 

and reduced signs of aging, decreased sun damage, and an improved ability to fight skin infection. 
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Signs of Aging and 
Sun Damage 
Cosmetic companies across the globe recognize vitamin E for its anti-aging attributes, often in 

conjunction with its ability to reduce sun damage — as well as fight oxidative stress146. Radical oxygen 

species have long been considered the culprit of aging mechanisms. These energy byproducts are 

created from normal metabolic processes that increase over time, causing cell death and tissue 

damage. Strong antioxidants can reduce and slow down this process by neutralizing the toxic effects 

that accrue over time. The unsaturated side chain that differentiates tocotrienols from tocopherols 

increases its ability to be absorbed into the skin, thus reducing its rate of oxidation146,147. This improves 

its transport and saturation into skin cells over alpha-tocopherol.

In order to understand tocotrienols’ power against sun damage, it’s important to understand that the 

sun emits radiation through the production of UV rays147,148. When these rays come in contact with our 

skin, oxidative damage can occur, increasing signs of aging and risk for skin ailments. At high enough 

doses, it can cause significant tissue damage due to toxic levels of radiation. This can manifest into 

a plethora of diseases and has been shown to increase risk of diabetes, cancer, and hypertension149. 

Normally, this radiation penetrates into the skin, effecting and destroying the cells. Tocotrienols can 

counter radiation damage and exhibit photoprotective attributes150. In animal studies, supplementation 

of tocotrienols before exposure to radiation protected mice against injury by reducing inflammation 

and improving the skin’s ability to regenerate151. Because of their high permeability, topical applications 

of tocotrienols can be quickly absorbed and act as potent antioxidants, reducing damage94,152,153.  

Tocotrienols have also been shown to have a natural SPF rating of 5.5, further reducing penetration 

of the sun’s UV rays154. In general, vitamin E has been shown to protect from UV rays and reduce 

instances of skin cancer and prolong the healthy plasticity of the skin155 154. Healthier skin cells also 

retain their ability to act as the first line of defense against injury or infection156.

Burns, MRSA, and Other 
Skin Injuries 
In times of injury, the body must undergo a complex orchestra of healing mechanisms to promote cell 

regrowth. This activity increases the metabolic needs for vitamins and nutrients as the body works 

to heal itself. Studies have shown how nutrient deficiencies can slow down this process. Conversely, 

improving certain vitamins’ availability can promote a faster wound repair. Vitamin E, specifically 

tocotrienols, may improve wound healing rates due to their anti-inflammatory and antioxidant 

traits. In clinical trials, vitamin E has been shown to improve healing from burns through the use 
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of topical creams that penetrate easily and increase healing 

responses157. Moreover, further research with tocotrienols 

has specifically shown them to improve defense mechanisms 

against bacterial infections at times of skin injury. 

Methicillin-resistant Staphylococcus aureus, or MRSA, is an 

example of a resilient bacterium that thrives on the skin and is 

extremely difficult to eradicate. MRSA can lead to problematic 

infections and is commonly found in hospitals and public 

settings. The treatment of MRSA with antibiotics over time 

has only strengthened the resilience of these bacteria, making 

them (and many infections like it) difficult to successfully 

manage through these means. However, treatment of 

MRSA with annatto tocotrienols in addition to antibiotics 

was found to reduce bacteria numbers 10x more than the 

antibiotic alone in an innovative animal study15. This study 

reveals the innate ability for tocotrienols to improve immune 

system functioning against bacteria so tocotrienols may 

help overcome the growing evolution of bacteria resistant to 

antibiotics. Additionally, tocotrienols have dramatic wound-

healing effects by greatly reducing inflammation levels and 

improving cell regeneration158. This lessens the exposure 

time of injured skin to bacteria and greatly diminishes risk of 

infection. By focusing on improving skin health and the skin’s 

ability to heal, a person can reduce their risk of more serious 

ailments simply by applying a natural preventative therapy. 

Tocotrienols benefit the skin through:

Positive Effects on Skin Health
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Other Emerging 
Benefits of 
Annatto 
Tocotrienols 
Tocotrienols have been established as the most potent 

antioxidant member of the vitamin E family, showcasing 

their efficacy in comparison to their tocopherol 

counterparts. Already, numerous studies have yielded 

insight into the health benefits of tocotrienols for a wide 

range of ailments, including bone diseases, metabolic 

syndrome and skin disorders. However, new areas of 

research are exploring the outskirts of less traditional 

fields of study with tocotrienol therapy. 

Radiation 
Protection
In the past decade, novel research from the Armed 

Forces Radiobiology Research Institute (AFRRI, 

Bethesda, MD) has produced extensive research on 

tocotrienols as a countermeasure against radiation159. 

This research has determined that delta- and gamma-

tocotrienols are incredibly effective at reducing radical 

oxygen species (ROS) and reactive nitrogen species 

(RNS), primary sources of radiation-induced damage 
151,160,161. Tocotrienols exhibit profound antioxidant 

properties, supporting the hypothesis that “strong 

antioxidants make strong radioprotectors151.” 

Despite their strength, tocotrienols are unable to 

completely eradicate the effects of radiation, such 

as the severe damage to blood cell-producing bone 

marrow. However, tocotrienols display unmistakable 
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stimulatory effects toward blood cell health and production, restoring fresh blood supply damaged 

by ionizing radiation. In radiation experiments with mice, delta- and gamma-tocotrienols successfully 

regenerated blood cells by supporting white blood cell count. Additionally, studies have shown delta-

tocotrienols were able to regenerate lymphocytes. The ability for tocotrienols to restore bone marrow 

health has also been evident; in studies, treatment 24 hours prior to radiation exposure proved to be 

more effective than post-radiation treatment160,161.

Radiation damage can also cause severe internal injury to the digestive system. Tocotrienols were 

found to reduce gastrointestinal damage and improve metabolic bioavailability of antioxidants during 

radiation treatment in non-human primates162,163.

Other Emerging Benefits of Tocotrienols

Eye Health
Vitamin E has been known as a beneficial nutrient for eye health since the first studies of age-

related eye deterioration. Since this time, vitamin E has become a staple in eye-health supplement 

formulas, though few have included the use of tocotrienols. In fact, the majority of studies focused 

predominantly on the use of alpha-tocopherol alone. With the rising evidence of tocotrienol’s efficacy, 

and the astounding interference of tocopherols, tocotrienol therapy deserves a closer look. Studies 

have determined the development of central vision loss and eye degeneration may have its roots in 

the growth and damage of blood vessels in the retina. Tocotrienols display potent anti-angiogenic 

properties, reducing the spread of vasculature through the eye 

and reducing the leaking of blood vessels164,165. 

In cases of glaucoma, a condition affecting 3 million 

Americans each year, increased ocular pressure within the 

eyes threatens many patients with the risk of blindness. 

When surgical procedures are considered, the potential 

of harmful scarring can reduce the effectiveness of 

the healing process. Recent studies have determined 

tocotrienols may reduce this scarring and even combat 

cataract development166,167. 

In a Malaysian study, annatto tocotrienols were able 

to delay the onset and progression of cataracts 

within rats by reducing oxidative stress168. Additional 

studies investigating the development of cataracts in 

diabetic rats found annatto tocotrienols halted the 

progression of cataracts, compared to control rats 

whose cataract development worsened to stage 3 

and stage 4169. 
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Other Budding Topics
A handful of studies are exploring new uses for tocotrienols. Tocotrienols are currently under 

investigation for treating trauma-induced stroke, reducing the side effects of diabetic neuropathy 

and autonomic nerve disorders, as well as counteracting gastric injury170-175. 

Conclusion 
The volume of research surrounding vitamin E has proven how valuable of a nutrient this antioxidant 

is. However, a new paradigm has challenged the perspective of alpha-tocopherol as the prime 

vitamin E antioxidant. With tocotrienols exhibiting greater radical scavenging and anti-inflammatory 

benefits, and given the vast diversity of clinical applications of tocotrienols, the decision for the daily 

use of DeltaGold®-branded annatto extract is more than a viable option, it is a compelling one. Only 

DeltaGold® tocotrienols have been efficiently and delicately extracted from the annatto plant to be 

free of any potential tocopherol interactions. With over 170 scientific references in this review alone, 

this ingredient has shown incredible promise for a variety of chronic health conditions. The addition 

of this simple plant extract - safely used as a food colorant for hundreds of years - has only begun to 

showcase its many healing properties. Only the innovative recipe of DeltaGold® has the possibility to 

lead the forefront of tocotrienol supplementation, vitamin E research, and clinical efficacy.
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