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Is Vitamin A an antioxidant?

Torsten Bohn, Volker B6hm, Joanna Duliriska-Litewka, Jean-Francois Landrier, Diana Banati, Omer Kucuk,
Patrick Borel, Jose A. Canas and Ralph Riihl

Vitamin A is an essential nutrient for humans and higher animals. It occurs in multiple forms in the body. The
primary bioactive derivate, all-trans-retinoic acid, is the active ligand for three nuclear hormone receptors, the
retinoic acid receptors (RARs; RARa, RARB and RARy), which mediate the large majority of vitamin A’s
biological effects, including most physiological effects such as cell differentiation, proliferation and apoptosis.
These effects are relevant for a large array of pathways enabling the maintenance of a healthy immune
response, the cardiovascular system, general development, embryonic development and skin- and epithelial-
functions [1-3]. All-trans-retinal and 11-cis-retinal are vitamin A derivatives involved in the visual cycle where
they act in photo-perception [4]. In addition to these active forms, all-trans-retinol is the primary
homeostatically regulated vitamin A species within the body, and retinyl esters like retinyl palmitate are the
storage form that are mainly present in liver and some other organs [5]. In the context of dietary vitamin A
intake, plant-derived vitamin A precursors are called provitamin A carotenoids comprising B-carotene, a-
carotene and B-cryptoxanthin as three main representatives in our diet. These provitamin A carotenoids [6]
serve as food-derived vitamin A precursors converted directly to retinol / retinyl esters in humans or in animals.
Various animals serving directly (i.e. meat) or indirectly (i.e. milk / eggs) as human food sources convert further
this provitamin A to retinol / retinyl esters, which is then taken up as this directly by humans.

Historically, the term vitamin A comprises retinol / retinyl esters, retinal isomers, and retinoic acid
isomers, as well as provitamin A carotenoids and this term vitamin A is often incorrectly associated with
antioxidant activity (reviewed in [7, 8]). Recently, two reviews summarised and discussed this antioxidant
activity [9, 10] and concluded that vitamin A, in the form of retinal and retinoic acid, as well as retinol and
retinyl esters have no direct antioxidant activity in humans [10], contrary to what is often claimed. Another
recent review of carotenoids, focusing on provitamin A carotenoids, concluded that on a physiological and
nutritional level, provitamin A carotenoids are likely not mediating their biological mechanisms primarily via
antioxidant effects [9]. Rather than acting as direct antioxidants, these review articles concluded that the
effects of vitamin A in the body involve serving as precursors for ligands for RARs and retinoid X receptors as
well as also exert an indirect antioxidant response via NF-kB and NRF2 signalling pathways [6, 9, 10].

We wish to note here, based on the large amount of data and references discussed in these reviews,
which originate independently from both sides of the Atlantic, claiming that vitamin A (as retinol and retinyl
esters), and even provitamin A carotenoids, are direct antioxidants in vivo, does not reflect the current state of
understanding of this nutrient. This claim is particularly problematic when advertising vitamin A (as retinol and
retinyl esters) and even provitamin A in food products and in dietary supplements [11]. Unfortunately,
overdosing with exclusively vitamin A, mainly in the form of retinol or retinyl ester as food ingredients or
dietary supplements that are already taken in sufficient or even high dose in Western countries [12], may result
in moderate to even severe toxic effects such as mental / cognitive impairments, pruritus, headache, changes
in skin and hair, an imbalanced immune response, muscle and bone pain, hyperlipidemia and potential
embryo-toxic effects [12-18]. Consequently, supplementation with vitamin A (as retinol / retinyl ester) may
induce moderate to severe toxic side effects instead of the purported antioxidant defence [12].

It is our opinion that vitamin A and even provitamin A carotenoids do mainly not act as a direct
antioxidant in the human body and therefore recommend that regulatory bodies and companies fortifying food
/ selling supplements to reconsider carefully advertising vitamin A with the claim “antioxidant”.
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