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Abstract

This position paper opens a discussion forum of this Journal dedicated to a scientific debate on
Vitamin E nomenclature. With this article we provide the scientific and medical communities with
what we consider relevant information in favor of revising the nomenclature of vitamin E. To

our knowledge, only RRR-a-tocopherol has been medically used to protect against a deficiency
disease in humans, and therefore, it would be appropriate to restrict the term vitamin to this
molecule. The direct demonstration of a vitamin function to other tocochromanols (including other
tocopherols, tocotrienols and eventually tocomonoenols), has not yet been scientifically shown. In
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fact, the medical prescription of a molecule against the deficiency disease only because it has been
included in the “Vitamin E family”, but not tested as vitamin E, could lead to ineffective therapy
and potentially dangerous consequences for patients.

The idea of this revision launched during the recent 3rd Satellite Symposium on Vitamin E of the
2022 SFRR-Europe meeting, offers a open platform of discussion for the scientists involved in
vitamin E research and scientific societies interested to this subject.
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Revision proposal
1. To restrict to RRR-a-tocopherol the attribute of vitamin

2. To describe other analogues, including 6-hydroxy-chromanols (i.e. non-a.-
tocopherols and tocotrienols) and 6-hydroxy-chromenols, by their chemical
names until a disease is identified that is prevented by the specific compounds. If
such activity is documented, a molecule can be called a bona fide vitamin.

3. Tocochromanols/tocomonoenols with documented vitamin function could be
named “vitamin Ex”, where “x” indicates a number, that would be different
for the different disease that is prevented. This would be in analogy with the
vitamins of the B group, but other definitions can be considered.

A vitamin is defined by the Collins English Dictionary as “Any of a group of substances
that are essential, in small quantities, for the normal functioning of metabolism in the body.
They cannot usually be synthesized in the body, but they occur naturally in certain foods:
insufficient supply of any particular vitamin results in a deficiency disease”. Similarly, the
definition provided by Wikipedia is “A vitamin is an organic molecule that is an essential
micronutrient that an organism needs in small quantities for the proper functioning of its
metabolism”.

Vitamin E deficiency was first reported as a human disease in 1981 [1] and it is

known as AVED (Ataxia with Vitamin E Deficiency; OMIM 277460), inherited as an
autosomal recessive trait [2-4]. Affected individuals present with peripheral neuropathy and
spinocerebellar ataxia. Vitamin E deficiency may also be secondary to other conditions [5],
including the impairment of intestinal absorption of lipids and disorders of fat metabolism
and bile secretion. These situations may be the consequence of cholestasis, cystic fibrosis,
primary biliary cirrhosis and abetalipoproteinemia. Also, obesity [6,7] and fatty liver disease
[8-10] induce vitamin E sequestration in fat depots, leading to subclinical conditions of
deficiency, and preliminary evidence is suggesting that intestinal dysbiosis may reduce
vitamin E bioavailability [11].

AVED patients are treated lifelong with vitamin E preparations that contain RRR-a.-
tocopherol [12]. Such interventions often stop the progression of the disease and
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sometimes improve neurological symptoms [13,14]. In fact, AVED patients have low RRR-
a-tocopherol concentrations in plasma and supplementation with alpha-tocopherol produces
a normalization of the plasma level and disease remission [15]; no supplementation with
other tocopherols can logically increase the plasma level of the missing a-tocopherol since
there is clear evidence that the different tocols do not convert into each other. Therefore,

the treatment of AVED has only been confirmed with RRR-a-tocopherol or mixtures that
contain this form, and this is also the case of other vitamin E deficiencies that present with
neuromuscular disturbances similar to those associated with AVED (reviewed in Ref. [5]).

There are a number of vitamin E analogues, other than RRR-a-tocopherol, present in
plants [16], that have been given the attribute of vitamin, without direct evidence of their
ability to cure human vitamin E deficiencies [17]. Such an attribute has been the result
of hypotheses on the mechanism of action of RRR-a-tocopherol in protecting against
pathological outcomes.

Firstly, tocopherols including RRR-a-tocopherol tested in rat were, with varying efficiency,
able to prevent the fetal resorption caused by the deficiency. Humans exhibit different
clinical presentations of the disease and no cases of fetal resorption due to vitamin E
deficiency have been reported (as a matter of fact, fetal resorption does not occur in
humans); therefore, it is our understanding that the extrapolation that a molecule is a vitamin
in humans because it is such in rats, is not fitting.

Secondly, the hypothesis has been made that all tocopherols and tocotrienols act by virtue
of their antioxidant properties and, consequently, the protection against vitamin E deficiency
had to be an antioxidant effect shared by those molecules (reviewed in Ref. [18] and further
reviewed in Refs. [19,20]). However, distinct molecular mechanisms for the actions of
tocopherols, tocotrienols and tocomonoenols have been described, both 7n vitro and in vivo
[16,21,22]. Thus, the conclusion that the protection against the deficiency be solely due to
an antioxidant effect and that all tocopherols, tocotrienols and tocomonoenols are protective
against vitamin E deficiency is not justified.

Third, the close structural similarity between tocopherols and tocotrienols, has frequently led
some to suppose that their molecular function must be the same. Such an argument can be
potentially dangerous. In fact, in nature a minor difference in a molecule’s structure leads to
dramatically different biological activities. Just as an example in the field of vitamins, the
anti-scurvy effect of L-ascorbate is not provided by the stereoisomer p-ascorbate; retinoic
acid has very different activity profile compared to retinol, and PUFAs have very different
biological activities compared to saturated fatty acids, and so on. In the case of vitamin

E, Schuelke while revising the literature on AVED for the National Library of Medicine
book GeneReviews [12], described the treatment of choice for the disease manifestations

in these terms: “It is currently unknown whether affected individuals should be treated

with a/Frac-a-tocopherol acetate or with RRR-a-tocopherol. It is known that a-Tocopherol
Transfer Protein (a TPP) stereoselectively binds and transports 2R-a-tocopherols [23-25].
For some TTPA pathogenic variants, this stereoselective binding capacity is lost and affected
individuals cannot discriminate between RRR-a-tocopherol and SRR-a-tocopherol [4,26].
In this instance, affected individuals would also be able to incorporate non-2R-a.-tocopherol
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stereoisomers into their bodies if they were supplemented with a//-rac-a-tocopherol.”. Based
on these aspects, Schuelke concluded that “Since potential adverse effects of the synthetic
stereoisomers have not been studied in detail, it seems appropriate to treat with RRR-a.-
tocopherol, despite the higher cost.”. We share these considerations on the importance

of giving scientifically based information on AVED treatment underlying that all the
tocopherols or tocotrienols are not biologically equivalent to RRR-a-tocopherol.

Lastly, we note that evolution has equipped eukaryotes with a powerful and complex
biochemical system dedicated to discrimination between the different tocochromanols and
tocomonenols; in both animals and humans, these include aTTP that selectively retains
RRR-a-tocopherol for incorporation into circulating lipoproteins, whereas all the other
forms are preferentially excreted or degraded by CYP450-mediated w-hydroxylation and
subsequent B-oxidation-like shortening of the side-chain (reviewed in Ref. [19]). Together,
these systems ensure the selective accumulation of RRR-a-tocopherol in tissues, and the
efficient removal of all other forms. It is only reasonable to deduce that such biochemical
selectivity, which survived millions of years of evolution from fish to man, is one that offers
the organism an adaptive advantage. While this notion has not received sufficient research
attention, we note that, at least under some conditions, RRR-a-tocopherol maintains cell
viability whereas other tocochromanols elicit cell death, e.g. desmethyl forms and especially
those with delta configuration that produce highly cytotoxic aryl-quinones [27,28].

In summary, evidence that RRR-a-tocopherol protects against the deficiency disease in
humans has been shown. Therefore, if we accept the definition of vitamin, the attribute of
vitamin should be restricted to RRR-a-tocopherol. It is our understanding that including all
tocopherols, tocotrienols and tocomonoenols in the so-called ‘vitamin E family’ is not based
on direct scientific evidence and can be potentially dangerous. Indeed, the prescription of
these vitamin E analogues (other than RRR-a-tocopherol) to protect against the deficiency
disease may lead to ineffective therapy.

In this position paper we provide the scientific and medical community with what we
consider relevant information in favor of revising the nomenclature of vitamin E. This
suggested revision includes the following points:

1 Restrict the attribute of vitamin to RRR-a.-tocopherol.

2. Describe only by their full chemical names other analogues, including 6-
hydroxy-chromanols (i.e. non-a-tocopherols and tocotrienols) and 6-hydroxy-
chromenols [16]. If a disease is identified that is specifically prevented by
that compound, a tocochromanol/tocomonoenol can be correctly considered a
vitamin.

3. Tocochromanols/tocomonoenols with vitamin function could be named “vitamin
Ex”, where “x” indicates a number, that would be different for the different
disease that is prevented. Such a nomenclature would be in analogy with the
vitamins of the B group, although other means of identification could be used.

By inviting the scientific and medical communities to submit commentaries and opinions
on this proposal we welcome controversial opinions, through the “Vitamin E Discussion
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Forum” of FRBM: https://www.editorialmanager.com/from/. A fair, research-based, debate
will make science progress and will represent an educational example to new scientific
generations.
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