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Tocotrienols Are Members of the Vitamin E Family 

Mention vitamin E and most people will think alpha-tocopherol. Even most scientists will make the same 
connection. It is only recently that scientists and now consumers have been reminded that vitamin E is a family 
of compounds. 

Tocotrienols are members of the vitamin E family.1 Unlike some vitamins which consist of a single compound, 
vitamin E consists of eight different compounds: four tocopherols and four tocotrienols (designated as alpha, 
beta, gamma, and delta). Our food contains all eight compounds. Most vitamin E supplements, however, 
contain only alpha-tocopherol because it was thought that only this one was important. Emerging research 
proved this understanding wrong. To get the full spectrum of the many benefits of vitamin E, we must use 
products that contain the complete family of tocopherols plus tocotrienols. 

Tocotrienols are most abundant in cereal grains including barley, rice, rye, and wheat, and the fruit of palm. 
Tocotrienols are extracted commercially from palm oil and rice bran oil. Unfortunately, the common commercial 
sources of natural vitamin E (soy, corn, cottonseed, canola, and sunflower oil distillates) contain little or no 
tocotrienols. Synthetic vitamin E contains only alpha-tocopherol and none of the other tocopherols and 
tocotrienols. 

Tocopherols and Tocotrienols: Similarities and Differences 

Tocopherols and tocotrienols have great similarities in their molecules, which consist of a head (chroman ring) 
and a tail (known as phytyl tail for tocopherols). The chroman ring carries the active antioxidant group. Each 
tocotrienol has an identical chroman ring as the corresponding tocopherol. For this reason, tocotrienols, like 
tocopherols, are excellent antioxidants.2 Tocotrienols differ only on the tail; the tocotrienols have three 
unsaturated sites. Scientists are discovering important benefits of tocotrienols that are unique and different 
from those of alpha-tocopherol. 
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Underscoring the importance of taking the whole vitamin E family is the evidence that not only tocotrienols but 
also the other tocopherols have unique functions different from those of alpha-tocopherol. For example: 

●     Researchers at Berkeley reported that gamma-tocopherol has stronger anti-inflammatory properties 
than alpha-tocopherol. Specifically gamma-tocopherol reduced PGE2 synthesis in both macrophages 
and human epithelial cells. In addition, the major metabolite of dietary gamma-tocopherol gamma-
CEHC (or LLU-alpha) also exhibited anti-inflammatory properties in these cells. In contrast, alpha-
tocopherol slightly reduced PGE2 formation in macrophages but had no effect in epithelial cells.3 

●     Gamma-tocopherol appears to be more potent than alpha-tocopherol in increasing superoxide 
dismutase (SOD) activity in plasma and arterial tissues as well as Mn SOD and Cu/Zn SOD protein 
expression in arterial tissues. SOD is a major antioxidant enzyme.4 

●     Gamma-tocopherol, not alpha, is the effective form for fighting nitrogen radicals.5 These radicals are 
major culprits in arthritis, multiple sclerosis (MS), and diseases of the brain such as Alzheimer's. 

●     A metabolic product of gamma-tocopherol, code-named LLU-alpha, appeared to be a natriuretic factor 
which affects how much fluid and electrolytes pass through the kidney to the urine.6 The corresponding 
metabolite of alpha-tocopherol was not active. 

The Science Behind the Unique Functions of Tocotrienols 

Heart Disease

A number of studies produced evidence of the biochemical basis of the important and unique effects of 
tocotrienols. 

Tocotrienols and, in particular, gamma-tocotrienol appear to act on a specific enzyme called
3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA) involved in cholesterol production in the liver.7 
Tocotrienols suppress the production of this enzyme, which may result in less cholesterol being manufactured 
by liver cells. This may in turn result in an overall reduction of plasma cholesterol levels. Unlike tocopherols, 
tocotrienols and particularly gamma-tocotrienol appear to reduce plasma apoB levels in hypercholesterolemic 
subjects. It has been suggested from preliminary data that gamma-tocotrienol stimulates apoB degradation 
possibly as the result of decreased apoB translocation into the endoplasmic reticulum lumen.8 

A recent study evaluated the role of tocotrienol-rich extracts on atherosclerosis, using apolipoprotein ApoE +/– 
female mice, which develop atherosclerosis only when fed diets high in triglyceride and cholesterol. Mice fed a 
palm oil tocotrienol-rich extract had 60% lower plasma cholesterol than groups fed the atherogenic diets.9 

Human studies have produced conflicting results.10-12 In a recent clinical study in humans, a rice bran oil 
tocotrienol-rich extract supplying 312-mg tocotrienols and 360-mg tocopherols significantly reduced total 
cholesterol, LDL, and triglycerides. HDL was higher in the treated group than in the control.13 The conflicting 
results may be due in part to the levels used and the composition of the supplement especially as it relates to 
other components which may have an additive or synergistic effect. In the case of rice bran oil extract, there is 
significant literature suggesting a cholesterol-reducing effect. Sterols and other compounds present in palm oil 
may have similar effects. Beneficial effects on cardiovascular health may not necessarily be associated with 
reduction in cholesterol levels as discussed below. 
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Cancer

Laboratory studies indicate that tocotrienols may affect the growth and/or proliferation of some types of human 
cancer cells. A research group at the University of Texas at Austin, headed by Dr. Kimberly Kline, confirmed 
earlier results that tocotrienols slow down the growth of human breast cancer cells.14,15 This study showed that 
the naturally occurring tocotrienols and RRR-delta-tocopherol induced apoptosis (death) of these cancer cells. 
The gamma and delta-tocotrienols were the most effective. Alpha, beta, and gamma tocopherols were 
ineffective in this system. Another group reported that gamma-tocotrienol suppressed the growth of rat 
melanoma cells and, with greater potency, the growth of human breast adenocarcinoma and human leukemic 
cells.16 Another study indicated that tocotrienols reduced liver cancers in rats dosed with a potent liver 
carcinogen.17 

Supporting the thesis that the other members of the vitamin E family may have an important role in cancer 
prevention is the evidence that gamma-tocopherol is superior to alpha in inhibiting prostate cancer cells in 
vitro.18 Our research indicated that gamma-tocopherol, added to a semipurified diet, was more effective than 
alpha-tocopherol in reducing ras-p21 oncogenes in the colonocyte of rats.19 

Benefits for Cardiovascular Health—Clinical Evidence 

The strongest evidence yet for tocotrienols comes from a clinical study conducted by the Kenneth Jordan Heart 
Research Foundation in New Jersey. This 5-year study, evaluated 50 patients who had stenosis of the carotid 
artery.20 

The patients, ranging in age from 49 to 83 years, were divided in two groups. The narrowing of the carotid 
artery exceeded 49 percent in approximately half of them. One group of 25 received approximately 650 
milligrams of tocotrienols plus tocopherols. The other group of 25 received a placebo. Tocotrienol-rich extract 
from palm oil was used in the first half of the study and from rice bran oil in the second half. All patients were 
examined every 6 months for the first year and every year after that with ultrasonography. This medical 
procedure measures the narrowing after 4 years: 

●     Placebo group: Fifteen patients showed worsening of the stenosis, 8 remained stable, and 2 showed 
some improvement. 

●     Tocotrienol (plus tocopherol) group: Three patients showed minor worsening and 12 remained stable. 
What is remarkable is that 10 patients showed regression of stenosis—their condition improved. 

As discussed earlier,13 the researchers found a substantial drop in total cholesterol, triglycerides, and LDL and 
an increase in HDL with the tocotrienol-rich extract from rice bran oil. 

Topical Use of Tocotrienols 

Tocotrienols, like tocopherols, can protect the skin from the damaging effects of exposure to ultraviolet 
radiation, pollution, cigarette smoke, and other environmental and biological stress factors. Tocotrienols 
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applied topically appear to prevent the damaging effects of ultraviolet radiation.22 Topically applied tocotrienols 
and tocopherols penetrate the entire skin to the subcutaneous fat layer within 30 minutes and significantly 
increase the concentration of these antioxidants in the deeper subcutaneous layers.23 Topical application of 
tocotrienols has been suggested to preserve the existing vitamin E level in skin cells. 

Safe and Effective Use Levels 

Research conducted in humans suggests that consumption of tocopherol plus tocotrienol blends containing up 
to 300 mg/day tocotrienols for more than 48 months results in no adverse effects. Vitamin E in general has an 
excellent safety record. 

How much tocotrienols to take? Please remember that tocotrienols are available commercially as mixtures with 
tocopherols. If you are at high risk for heart disease, you may consider levels up to 300 mg/day of tocotrienols. 
For the great majority of consumers that want to get the benefit of the complete vitamin E family, much lower 
levels may still provide benefits. 

It is extremely important to take products that contain natural tocopherols plus tocotrienols. While our individual 
needs differ, the following general guidelines might help you choose the right level for you. 

●     The adequate level—the 100/100 system: Take 100 IU plus 100 mg of mixed tocopherols and 
tocotrienols. For healthy young adults with no family history of chronic disease. 

●     The medium level—the 200/200 system: Take 200 IU plus 200 mg of mixed tocopherols and 
tocotrienols. For young adults with some risk factors and healthy people without risk factors up to 50 
years old. 

●     The high, yet very safe dose—the 400/400 system: Take 400 IU plus 400 mg of mixed tocopherols and 
tocotrienols. For people who, because of their family history for chronic disease, age, level of stress, 
diet, and other factors, want to take a higher level. 

Commercial Products 

Tocotrienol rich products are extracts, which also contain tocopherols and other natural components present in 
raw materials. Commercial products are extracted from rice bran or palm oil. Eastman Chemical Company's 
NuTriene, the sole U.S.-manufactured product, is extracted from rice bran oil. 

References 

1. Papas, A. M. The Vitamin E Factor, HarperCollins Publishers, Inc., New York, NY. 1999 (www.vitamine-
factor.com). 



Tocotrienols in Nutrition and Health

2. Kamal-Eldin, A., Appelqvist, L. A. The chemistry and antioxidant properties of tocopherols and 
tocotrienols. Lipids 1996;31:671–701. 

3. Jiang, Q., Elson-Schwab, I., Courtemanche, C., Ames, B. N. Gamma-tocopherol and its major 
metabolite, in contrast to alpha-tocopherol, inhibit cyclooxygenase activity in macrophages and 
epithelial cells. Proc Natl Acad Sci USA 2000;97:11494–11499. 

4. Li, D., Saldeen, T., Romeo, F., Mehta, J. L. Relative effects of alpha- and gamma-tocopherol on low-
density lipoprotein oxidation and superoxide dismutase and nitric oxide synthase activity and protein 
expression in rats. J Cardiovasc Pharmacol Ther 1999;219–226. 

5. Cooney, R., Franke, A., Harwood, P., et al. Gamma-tocopherol detoxification of nitrogen dioxide: 
superiority to alpha-tocopherol. Proc Natl Acad Sci USA 1993;90:1771–1775. 

6. Wechter, W. J., Kantoci, D., Murray, E. D. Jr, et al. A new endogenous natriuretic factor: LLU-alpha. 
Proc Natl Acad Sci USA 1996;93:6002–6007. 

7. Khor, H. T., Chieng, D. Y., Ong, K. K. Tocotrienols inhibit liver HMG-CoA reductase activity in the 
guinea pig. Nutr Res 1995;15:537–544. 

8. Theriault, A., Wang, Q., Gapor, A., Adeli, K. Effects of gamma-tocotrienol on ApoB synthesis, 
degradation, and secretion in HepG2 cells. Arterioscler Thromb Vasc Biol 1999;19:704–712. 

9. Black, T. M., Wang, P., Maeda, N., Coleman, R. A. Palm tocotrienols protect ApoE +/– mice from diet-
induced atheroma formation. J Nutr 2000;130:2420–6. 

10. Qureshi, A. A., Pearce, B. C., Nor, R. M., Gapor, A., Peterson, D. M., Elson, C. E. Dietary alpha-
tocopherol attenuates the impact of gamma-tocotrienol on hepatic 3-hydroxy-3-methylglutaryl 
coenzyme A reductase activity in chickens. J Nutr 1996;126:389–394. 

11. Mensink, R. P., van Houwelingen, A. C., Kromhout, D., Hornstra, G. A vitamin E concentrate rich in 
tocotrienols had no effect on serum lipids, lipoproteins, or platelet function in men with mildly elevated 
serum lipid concentrations. Am J Clin Nutr 1999;69:213–219. 

12. O'Byrne, D., Grundy, S., Packer, L., Devaraj, S., Baldenius, K., Hoppe, P. P., Kraemer, K., Jialal, I., 
Traber, M. G. Studies of LDL oxidation following alpha-, gamma-, or delta-tocotrienyl acetate 
supplementation of hypercholesterolemic humans. Free Radic Biol Med 2000;29:834–845. 

13. Watkins, T. R., Geller, M., Kooyenga, D. K., Bierenbaum, M. Hypo-cholesterolemic and antioxidant 
effects of rice bran oil non-saponifiables in hypercholesterolemic subjects. J Environ Nutr Interac 
1999;3:115–122. 

14. Yu, W., Simmons-Menchaca, M., Gapor, A., Sanders, B. G., Kline, K. Induction of apoptosis in human 
breast cancer cells by tocopherols and tocotrienols. Nutr Cancer 1999;33:26–32. 

15. Nesaretnam, K., Stephen, R., Dils, R., et al. Tocotrienols inhibit the growth of human breast cancer cells 
irrespective of estrogen receptor status. Lipids 1998;33:461–469. 

16. Mo, H., Elson, C. E. Apoptosis and cell-cycle arrest in human and murine tumor cells are initiated by 
isoprenoids. J Nutr 1999;129:804–13. 

17. Ngah, W. W., Jarien, Z., San, M. M., et al. Effect of tocotrienols on hepatocarcinogenesis induced by 2-
acetylaminofluorene in rats. Am J Clin Nutr 1991;53:1076S–1081S. 

18. Helzlsouer, K. J., Huang, H.-Y., Alberg, A. J., Hoffman, S., Burke, A., Norkus, E. P., Morris, 
J. S., Comstock, G. W. Association between alpha-tocopherol, gamma-tocopherol, selenium, and 
subsequent prostate cancer. J Natl Cancer Inst 2000:92;2018–2023. 

19. Stone, W. L., Papas, A. M., LeClair, I. O., Min, Q., Ponder, T., The influence of dietary iron and 
tocopherols on oxidative stress in the colon. Cancer Detection and Prevention 22:S110, 1998. 



Tocotrienols in Nutrition and Health

20. Watkins, T. R., Bierenbaum, M. L., Giampaolo, A. Tocotrienols: Biological and Health Effects. In 
Antioxidant Status, Diet, Nutrition, and Health, Papas, A. M., editor, CRC Press, Boca Raton, 
1998;479–496. 

21. Traber, M. G., Podda, N., Weber, C., et al. Diet derived topically applied tocotrienols accumulate in skin 
and protect the tissue against UV light-induced oxidative stress. Asia Pacific Am J Clin Nutr 
1997;6:63–67. 

22. Traber, M. G., Rallis, M., Podda, M., et al. Penetration and distribution of alpha-tocopherol, alpha- or 
gamma-tocotrienols applied individually onto murine skin. Lipids 1998;33:87–91. 

Andreas M. Papas, Ph.D.
Author of The Vitamin E Factor paperback and editor of the scientific book Antioxidant Status, Diet, Nutrition, 
and Health, Dr. Papas is Senior Technical Associate at Eastman Chemical Company, Adjunct Professor of the 
James H. Quillen College of Medicine of East Tennessee State University, and Senior Scientific Advisor, The 
Cancer Prevention Institute, Harvard School of Epidemiology. A Fulbright Scholar, Dr. Papas is a graduate of 
the University of Illinois and an expert on vitamin E and antioxidants.

Tel: 800-695-4322
Fax: 423-224-0414
E-mail: andreas@vitamine-factor.com
Web page: www.vitamine-factor.com 

Top of Page 


	Tocotrienols
	Tocotrienols in Nutrition and Health


