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Vitamin E is a fat-soluble organic micronutrient that helps to preserve human health. Its main function is likely that of a

radical scavenger protecting biological membranes from lipid peroxidation. Vegetable oils, such as wheat germ, sunflower,

corn germ, soybean, and rapeseed, are the primary dietary source of vitamin E for humans. It is also found in some nuts,

fruits, and vegetables, such as almonds, avocados, spinach, and kale.
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1. Different Forms of Vitamin E

Tocopherols (TOHs) and tocotrienols (T3s) are the two major groups of the naturally occurring molecules that are

considered widely as vitamin E, and each of them has four analogues, namely α, β, γ, and δ. All forms of vitamin E are

composed of a chromanol ring system and a hydrophobic side-chain, which is comprised of 16 carbon units. TOHs and

T3s can be distinguished by the saturation of the side-chain, and the four analogues of each have different patterns of

methylation of the chromanol ring. Due to different affinities to the hepatic transporter, the α-tocopherol transport protein

(α-TTP), the eight forms of vitamin E reveal different biological activities in vivo. It is believed that binding to α-TTP

prevents the molecule from degradation . With the favor of preferentially binding to α-TTP, α-TOH is the form with the

highest abundance in the human body and has been deemed as the most meaningful form of vitamin E . It is currently

being discussed whether α-TOH should be recognized as the only form of vitamin E due to its indispensable role in the

prevention and treatment of vitamin E deficiency associated diseases such as familial isolated vitamin E deficiency

(AVED) .

2. Bioavailability of Vitamin E

The bioavailability of vitamin E varies greatly between individuals and can be affected by several factors. The topic has

been extensively reviewed in . Vitamin E in food, but especially in dietary supplements, is often present as an

esterified molecule. After hydrolysis by pancreatic and intestinal digestive enzymes, vitamin E is released from food

matrices and absorbed into micelles. Several proteins have been shown to affect the efficiency of vitamin E absorption in

the intestine, namely the scavenger receptor class B type 1 (SR-BI), Niemann-Pick C1-like protein 1 (NPC1L1), and the

ATP-binding cassette transporter of the sub-family A number 1 (ABCA1). The transport of vitamin E in blood is like that of

cholesterol. Vitamin E in hepatocytes is transported and stabilized by α-TTP. α-TOH is preferentially distributed to

peripheral tissues due to its highest affinity to α-TTP. Thus, α-tocopheryl acetate, the stabilized form of α-TOH, and α-TOH

are the most widely used forms of vitamin E in human trials. In addition to α-TTP, other cellular vitamin E binding proteins

have been suggested in humans, such as supernatant protein factor (SPF) and tocopherol-associated protein (TAP).

Possible factors that likely affect the bioavailability of vitamin E, i.e., its absorption and metabolism, such as the different

forms of vitamin E itself, chemical modifications (e.g., esterification), the amount consumed at once, and interactions with

other nutrients or drugs consumed in parallel, have been summarized by Borel et al. . There are also host-related

factors, such as vitamin E status, state of health, and genetic factors. In fact, lower absorption of α-TOH in patients with

metabolic syndrome or the elderly has been reported . It has been hypothesized that, probably due to increased

inflammation and oxidative stress, the absorption in the small intestine as well as the hepatic trafficking of vitamin E are

limited. These findings provide evidence that some populations may have a higher demand of vitamin E. It has been

pointed out that blood concentrations of vitamin E should be measured before and after supplementation in study

participants to properly evaluate its effect in human trials, since the bioavailability of vitamin E, and in turn the vitamin E

status, is affected by numerous factors and individual conditions. At present, the blood concentrations and the

concentration in organs of α-TOH as well as the level of the endogenous metabolite of α-TOH, namely α-carboxyethyl-

hydroxychroman (CEHC), are used as biomarkers of vitamin E status .
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3. Hepatic Metabolism of Vitamin E

As a lipophilic compound, circulation and distribution of vitamin E follow largely that of lipoprotein metabolism . The

enzymatic degradation of vitamin E occurs mostly in hepatic tissues, although its catabolism has been also described for

the intestinal epithelium . Vitamin E metabolism is extensively reviewed in . It is assumed that the hepatic

metabolism of TOHs is initiated with the enzymatic oxidation catalyzed by cytochrome P450 (CYP) 4F2 or CYP3A4 .

The resulting metabolites are the long-chain metabolites (LCM), namely, the initially formed 13’-tocopherol-

hydroxychromanol (13’-OH) and the subsequently formed 13’-tocopherol-carboxychromanol (13’-COOH). Thereinto, 13’-

COOH has emerged as a derivate of vitamin E with many regulatory functions, revealing superior and sometimes even

different effects compared to its metabolic precursor . The following β-oxidation shortens the side-

chain of the LCM and results in the formation of several intermediate-chain metabolites (ICM) and, finally, the short-chain

metabolite (SCM) of vitamin E, namely, CEHC or 3’-COOH. All the metabolites are excreted with feces or urine following

conjugation with taurine, glycine, glucuronide, or sulfate . It is evident that the T3s follow almost the same metabolic

degradation route as the TOHs, except for one additional step that is required for removing the double bonds in the side-

chain of the T3s, most likely via the same enzymes, namely, 2,4-dienoyl-CoA reductase and 3,2-enoyl-CoA isomerase,

which are also involved in the degradation of unsaturated fatty acids .

4. Biological Activity and Physiological Relevance of Vitamin E

One of the most important functions of vitamin E is its antioxidant function, by which it protects polyunsaturated fatty acid

(PUFA) in membranes, lipoproteins, and intracellular lipid droplets from oxidation. Free radicals attack the double bonds in

PUFA of cellular phospholipids, causing irreversible damage to the cell membrane, eventually leading to cell death

(Figure 1). Vitamin E, which is also found in membrane bilayers, quenches the peroxyl radicals by delivering the

hydrogen atom of the hydroxyl group at the chromanol ring. The resulting tocopheroxyl/tocotrienoxyl radical can be

restored to the original form in redox cycle reactions that cooperate with other endogenous antioxidants, including

glutathione (GSH), ascorbic acid (vitamin C), and coenzyme Q (Figure 1). In vitro studies showed that the different forms

of vitamin E exhibit various antioxidant capacities due to the relative H atom donating ability which depends on the

position of methyl groups at the chromanol ring. Among them, α-TOH exhibits the highest ability to break the peroxidation

chain . For this reason, α-TOH, precisely the naturally occurring RRR-α-TOH, is regarded as the form of vitamin E with

strongest antioxidant efficiency and has been therefore used most widely as a supplement when investigating the

potential benefits of vitamin E in humans. Besides its role as a peroxyl radical scavenger, α-TOH is also found to enhance

the antioxidant cascade of nuclear factor erythroid 2–related factor 2 (Nrf2) . As a consequence, the expression of

antioxidant enzymes such as catalase and superoxide dismutase (SOD) is induced to defend cells against intracellular

oxidative stress.
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Figure 1. Possible mechanisms underlying the interaction between vitamin E and other micronutrients. Free radicals such

as O  (hyperoxide anion) attack the double bonds of the unsaturated fatty acids of membrane phospholipids resulting in

the formation of a lipid peroxyl radical (RO ). Vitamin E (TOHs and T3s) provides its phenolic hydrogen atom to the

peroxyl radical and converts it to a hydroperoxide. The resulting vitamin E radical can be reduced by vitamin C which

forms then an ascorbyl radical which is regenerated in turn with the help of glutathione (GSH). In this process, two

monomers of GSH are oxidized to form a dimer glutathione disulfide (GSSG). Selenoproteins and the metal ion

transporter metallothionein are involved in reducing GSSG to GSH. Pro-vitamin A (β-carotene) regenerates TOH from

tocopheryl radicals. The resulting carotenoid radical cation is further regenerated by the vitamin C cycle. Besides that,

magnesium ions contribute to the stabilization of the vitamin E radical and vitamin K competes hypothetically with vitamin

E for the enzyme CYP4F2 which ω-hydroxylates the side-chains of both vitamin K   (phylloquinone) and vitamin E.

Abbreviations: CYP, cytochrome P450; SOD, superoxide dismutase.

Apart from its antioxidant function, several non-antioxidant properties of vitamin E have also been discovered in pre-

clinical studies in the last few decades (reviewed in ). Vitamin E has been demonstrated to affect immune

function, inflammatory response, lipid homeostasis, cell cycle, and apoptosis in different cell types. Particularly highlighted

are the anti-inflammatory effects of vitamin E, with multiple underlying mechanisms, of which some have been also

established in animal models. Amongst others the control of the activation of signaling pathways including mitogen-

activated protein kinase (MAPK), nuclear factor kappa B (NF-κB), phosphatidylinositol-3-kinase/AKT kinase/mammalian

target of rapamycin (PI3K/Akt/mTOR), Janus kinase (JAK)/signal transducers and activators of transcription (STAT)

pathways, modulation of gene and protein expression of, for example, cyclooxygenase-2 (COX-2), microsomal

prostaglandin E  synthase-1 (mPGES-1), and inducible nitric oxide synthase (iNOS), regulation of enzyme activities of, for

example, 5-lipoxygenase (LOX-5) were observed (intensively reviewed in ).

Considering properties dependent and independent from its function as an antioxidant, vitamin E is believed to influence

processes in various pathological conditions, such as obesity, diabetes, cardiovascular diseases (CVDs), and

neurodegenerative diseases . The occurrence of cardiovascular events is related to numerous factors such as

endothelial dysfunction, enhanced oxidative stress, chronic inflammation, abnormal blood lipid level, and xenobiotic

metabolism. Several in vitro studies revealed a positive role of vitamin E, especially α-TOH, in the maintenance of

endothelial barrier functions, anti-inflammatory actions, prevention of oxidation of low-density lipoproteins (LDL) as well as

regulation of lipid homeostasis . The potential role of vitamin E supplementation in the prevention of metabolic

disorders, such as CVD, diabetes, and fatty liver disease, has also been intensively studied in human trials (reviewed in

). Due to the essential role of vitamin E for the nervous system, the application of vitamin E against Alzheimer’s

disease-associated pathology has also been investigated in human intervention trials (reviewed in ). Further, lower

vitamin E status was associated with an increased risk of tumor development . Due to these findings, the preventive

role of vitamin E has been intensively discussed and also evaluated in human clinical trials . On the one hand, data

from observational studies confirm a strong association between higher vitamin E concentrations and lower risk of

metabolic diseases . On the other hand, the interventional studies varying strongly in study size, cohort selection,

dosage, and duration of the treatment have presented controversial results, which make the role of vitamin E as

therapeutic strategy more questionable.

The officially recommended daily intake (RDI) of 12–15 mg/d vitamin E in Germany is based on its biological activity

against lipid peroxidation . In the case of USA, the RDI is established to be 15 mg/d α-tocopherol for men and women

older than 14 years of age . Numerous foods including nuts, seeds, and some sorts of vegetable oil act as natural sources

of vitamin E. Moreover, vitamin E is also widely used as a legal additive in food processing. Even so, it is frequently

observed that vitamin E requirement cannot be completely covered by dietary intake . According to the German

Consumption Survey II (Nationale Verzehrsstudie II), conducted between 2005 to 2007, almost half of the investigated

adults in Germany did not reach the RDI of vitamin E . In addition to the intake via food, the intake via supplements

should also be considered. The German Consumption Survey II also showed that with supplementation, only about 70%

of the participants achieved the RDI of vitamin E . Another study reported that more than half of the adults in the US

used one or more dietary supplements daily . Only 4% of the participants supplemented only vitamin E, but 32% of

them took multivitamin/mineral supplements containing vitamin E to improve overall health . In an assessment of

several dietary surveys conducted in the USA, the UK, Germany, and the Netherlands, Troesch et al.   showed that

more than 75% of the population in the UK and USA consume amounts of vitamin E below the country-specific RDI. In the

Netherlands, 25–50% of women and 5–25% of men were below the RDI. This observation demonstrates the need to

investigate how other nutrients may influence the potential beneficial effects of vitamin E.
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