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Abstract: With a new vitamin on the horizon, it is first necessary to clarify what the basic definition 

of vitamins is. What is a vitamin? Which institutions are generally responsible for officially 

recognizing the status of a vitamin and which legal basis should be used if necessary? How were 

other vitamins identified and established as essential nutrients in the last century? And specifically 

in this case: What is vitamin A? What are the defined biological functions of vitamin A? In this 

article, the basics and definitions are summarized in a historical context, with relevance for the 

discovery, establishment and categorization of a new vitamin concept. 

Keywords: retinoids; carotenoids; vitamin; retinoid 

 

1. How Do You “Discover” and Establish a Vitamin? A Brief Historical Review 

Vitamins are typically associated with specific deficiency symptoms. Historically, however, the 

precise timing of vitamin deficiency symptoms and the identification of the factors responsible have 

not always been easy and transparent. For this reason, the considerations in this work begin with the 

best-documented example of vitamin C, isolated by Albert Szent-Györgyi. A researcher who, as in 

the case of vitamin A5 to be described later (Banati et al., 2024), carried out his work mainly in 

Hungary (Waugh & King, 1976; Zilva, 1935). 

It often begins with a theory of how a physiological dysfunction or even existing pathological 

signs can be reversibly prevented by food components. In the case of vitamin C, this was scurvy, 

which was particularly prevalent among sailors. It was discovered relatively quickly that a low 

intake of fresh fruit and vegetables increased the incidence of scurvy (Waugh & King, 1976). This 

finding was followed by what was probably the world's first described clinical trial, conducted and 

described by James Lind 1747, summarized in Dresen et al. (2023). The other questions that arose 

came from the field of applied instrumental science, namely what active constituents were present in 

these foods, how the active constituents could be enriched and isolated, and how these enriched 

extracts or isolated compounds worked (Waugh & King, 1976; Zilva, 1935). The major challenge has 

been to isolate and determine the exact structure of the active compounds using currently available 

preparative and analytical methods. 

Such extracts or, ideally, isolated compounds, and later organochemically synthesised 

substances, were then studied in animal models (Haworth & Hirst, 1933). In the case of vitamin C, 

this was the guinea pig, in which scurvy-like symptoms were induced. Initially, these test animals 
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were treated with extracts from lemons or peppers and later with isolated substances (Waugh & 

King, 1976; Zilva, 1935). The animals were also examined for the symptoms described above. 

Initially, different extraction methods were used to obtain different extracts to study and develop 

ideas about the physico-chemical properties of the active ingredient in these extracts (Waugh & 

King, 1976; Zilva, 1935). The final result in 1933 was an identified, physico-chemically characterized 

and isolated substance -ascorbic acid / vitamin C- which prevented the existing physiological 

dysfunctions in the model animal or even reversibly cured a disease. 

Later experiments on humans could be carried out quite quickly and easily. On a "let's get 

started" basis, one simply "recruited" some "volunteers" and / or patients and treated them with 

laboratory extracts (Letondal, 1936). Targeted clinical interventions in humans, whether to a) induce 

a specific vitamin deficiency, b) investigate a correlation between the intake or concentration of a 

specific vitamin in the organism with markers of dysfunction, or c) supplement vitamin-deficient 

"volunteers" or patients, were not carried out in detail until much later. The reason for this was the 

lack of analytical methods to specifically identify specific deficiencies by laboratory methods and to 

determine the effect of substitutions analytically and mechanistically in detail, summarized in 

Maxfield and Maxfield (2024). 

Summary: In the 1930s, many aspects of vitamin discovery were supposedly simpler: no animal 

experiments, no ethical applications for clinical trials, peer review in very rare cases, no months of 

communication with journals, no legal advice, no clinics with high overheads and no restrictive 

government agencies. However, there were similar problems then as there are now, such as a lack of 

funding to carry out trials. Clinical interventions with targeted nutritional deficiencies and 

supplementation experiments were carried out 'en passant' on patients, prisoners of war or prison 

inmates (Creamer, 2018; Joost, 2012). All these experiments, which now seem bizarre, were later 

uncritically incorporated into national and international vitamin and food references (WHO, 1998) 

(WHO/FAOExpertgroup, 1967). The problem is that the existing national and international vitamin 

references contain many inconsistencies, which are inviolable from a historical perspective, but not 

necessarily from a scientific one. 

Only much later, after the discovery of additional vitamins and the establishment of vitamin 

concepts, i.e. from the 1960s (WHO/FAOExpertgroup, 1967), were uniform criteria and definitions 

for vitamins and micronutrients established by the WHO/FAO Expert Groups (WHO, 1998) and 

reference intakes proposed (EFSA Panel on Dietetic Products & Allergies, 2010; European Food 

Safety, 2017). Later, after the establishment of the European Food Safety Authority (EFSA) in 2002, 

regulations on novel foods (Commission, 2017) and on substance-specific health claims were also 

developed (European Commission, 2006). 

2. What Is a Vitamin as Defined by the World Health Organisation (WHO) and EFSA? (Figure 1) 

The WHO writes: “Definition of terms: The following definitions relate to the micronutrient intake from 

food and water required to promote optimal health, that is, prevent vitamin and mineral deficiency and avoid 

the consequences of excess” (WHO, 1998) (Figure 1). 

EFSA's definition of a vitamin is as follows: "Dietary substance needed in very small amounts to 

support normal growth and maintenance of health in humans and animals. Most vitamins are 'essential' as 

they are not made within the body" (EFSA Panel on Dietetic Products & Allergies, 2015). The definition 

is somewhat softened by the addition of the word 'most' before the word 'vitamins', presumably to 

avoid having to withdraw the status of a vitamin from the non-essential 'vitamin' (Glerup et al., 

2000), vitamin D, based on an overly strict vitamin definition. 

Summary: Four criteria are used to define a vitamin. A vitamin must be a) a micronutrient, b) a 

component of the diet, c) perform a physiologically important function, and d) be essential 

(according to EFSA, "as they are not made in the body" (Figure 1). 
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Figure 1. Summary of the criteria that define a vitamin (WHO, 1998) . 

3. What Is the Definition of Vitamin A? (Figure 2) 

a) Vitamin A definitions from EFSA, the British National Health Service (NHS) and the 

French Agency for Food, Environmental and Occupational Safety (Agence nationale de sécurité 

sanitaire de l'alimentation, ANSES): 

 

Figure 2. The definition of vitamin A by various organizations: World Health Organization (WHO), 

International Union of Pure and Applied Chemistry (IUPAC) , European Food Safety Authority 

(EFSA), German Nutrition Society (Deutsche Gesellschaft für Ernährung, DGE), British National 

Health Service (NHS) and the French Agency for Food, Environmental and Occupational Safety 

(Agence nationale de sécurité sanitaire de l'alimentation, ANSES). 

“Vitamin A is a fat soluble vitamin obtained from the diet either as preformed vitamin A (mainly retinol 

and retinyl esters) in foods of animal origin, or as provitamin A carotenoids in plant-derived foods. Foods 
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rich in vitamin A include meat, butter, retinol-enriched margarine, dairy products, eggs, and vegetables 

and fruits such as sweet potatoes, carrots, pumpkins, dark green leafy vegetables, sweet red peppers, 

mangoes and melons.” (EFSA Panel on Dietetic Products & Allergies, 2015): 

The term “vitamin A” therefore includes the substances retinol, various retinyl esters, and 

various provitamin A carotenoids (Böhm et al., 2021; T. Bohn et al., 2021). This definition is also used 

by the NHS in the United Kingdom (NHS, 2020) and the ANSES in France (ANSES, 2013). 

 

b) Vitamin A-definition of the German Nutrition Society (Deutsche Gesellschaft für 

Ernährung, DGE): 

The DGE defines the term vitamin A as follows: “Vitamin A is a vital (essential), fat-soluble nutrient 

that is necessary for many biological processes such as vision, immune function, cell differentiation and 

embryonic development. The term vitamin A describes a group of compounds that have a vitamin A effect. The 

main active form is retinol” and “Plants contain a number of provitamin A carotenoids that can be 

converted to vitamin A to varying degrees. The most important provitamin A for human vitamin A intake 

is β-carotene, as it has a high rate of conversion to retinol and is the most abundand. Provitamin A 

carotenoids are not essential, but are particularly important for maintaining an adequate vitamin A status, 

especially in predominantly vegetarian or vegan diets.” 

The term "vitamin A" as defined by the DGE includes only retinol and retinyl esters, and does 

not include provitamin A carotenoids. According to the DGE definition, this creates a paradox based 

on the following contradictory statements: a) "vitamin A describes a group of compounds that have 

vitamin A effects" and b) "provitamin A carotenoids can be converted to vitamin A". However, as 

provitamin A carotenoids mediate vitamin A effects directly - i.e. without direct conversion to 

retinol - and thus have them, based on dozens of scientific studies (Böhm et al., 2021; Bohn, de Lera, 

Landrier, & Rühl, 2022; Bohn et al., 2017; Bohn et al., 2019), provitamin A carotenoids belong to the 

vitamin A family as defined by the WHO, EFSA and DGE. Therefore, the conversion of "vitamin A" 

(in the form of provitamin A) to "vitamin A" is a paradox. We suspect that the terms "retinol", 

"vitamin A" and "vitamin A1" have been equated by the DGE, although they describe different 

things. A further statement by the DGE that provitamin A carotenoids are not essential, although 

they belong to the vitamin A family and are therefore vitamin A, is therefore another paradox in the 

above formulations. 

 

c) Vitamin definition of the WHO and the International Union of Pure and Applied 

Chemistry (IUPAC): 

According to the IUPAC definition (IUPAC-IUB, 1982), the vitamin A family includes the 

substance groups vitamin A1 and vitamin A2. In the early FAO / WHO communications of 1967 

(WHO/FAOExpertgroup, 1967) also clearly stated that: “The term 'retinol' refers to vitamin A1 alcohol. 

The term 'vitamin A' includes all compounds with vitamin A activity.”, which provided a clear definition 

of vitamin A and vitamin A1 and clearly distinguished these two terms from each other. A definition 

for vitamin A2 was also provided: “Vitamin A2 refers to 3,4-dehydroretinol.” (Figure 3). 

This definition was not officially changed subsequent FAO / WHO communications from 1988 

onwards (WHO/FAOExpertgroup, 1988), but in the WHO communications from 1988 onwards the 

term “vitamin A” was equated with the terms “retinol” and “vitamin A1”. 

From a legal and general point of view, the 1967 WHO definition was never been revoked, but 

simply "optimized" and simplified by the WHO from a certain point in time, in 1988. This new 

optimized definition of vitamin A was then partially adopted by other national organizations. 

Summary: According to the IUPAC and WHO definitions, in addition to retinol, retinyl esters 

and provitamin A, there are vitamin A subgroups, namely vitamin A1 and A2, with the possibility of 

adding other relevant subgroups. These subgroups, vitamin A1 and A2, have not been further 

differentiated or included in other dietary guidelines based on the EFSA and WHO guidelines. Only 

the IUPAC definition did not follow this simplification (IUPAC-IUB, 1982). 
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d) Vitamin A2 forgotten and banned? 

Vitamin A2 (3,4-dehydroretinol, Figure 3), first found in fish oils, was discovered in the late 

1920s (La Frano, Cai, Burri, & Thilsted, 2018; Morton, Salah, & Stubbs, 1947) and can functionally 

replace vitamin A1 to prevent general vitamin A deficiency (Shantz, Embree, & et al., 1946). With 

only 30 publications listed in the scientific database PubMed in the last 20 years with the search term 

“vitamin A2” compared to >60,000 publications with the search term “vitamin A”, it has seemingly 

become insignificant and was probably simply “banned” from the current vitamin A definition. It is 

also suspected that this was done for the sake of simplification and because of the minor role of 

vitamin A2 in the food chain. 

 

Figure 3. Which substances belong to the categories vitamin A, vitamin A1 and vitamin A2 (modified 

from (Banati & Rühl, 2024) ). 

Summary: Unfortunately, to date, the term “vitamin A1” has been and continues to be partially 

equated with the term “vitamin A”, which is incorrect but has not seemed to be problematic to date 
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(Banati et al., 2024; Banati & Rühl, 2024; Bohn, Hellman-Regen, de Lera, Böhm, & Rühl, 2023; de 

Lera, Krezel, & Rühl, 2016; Krezel, Rühl, & de Lera, 2019; Rühl, Krezel, & de Lera, 2018). 

 

e) Vitamin A(1) aldehyde and vitamin A(1) acid 

The substance retinal is also defined by the EFSA as vitamin A (EFSA Panel on Nutrition et al., 

2024) because retinal can be metabolized to retinol (all-trans-) and is therefore also defined as 

vitamin A. It also seemed to be recognized that retinal, which is mainly found in eyes, is a relevant 

dietary component. 

Retinoic acid (all-trans-), also known as vitamin A / A(1) acid, is another substance that does not 

occur significantly in relevant food components and concentrations and cannot be metabolized to 

retinol (all-trans-) in the human organism. An important function of vitamin A, which is mediated by 

retinal in the visual cycle, cannot therefore be mediated. Therefore, two criteria for being defined as 

vitamin A are not met. 

 

f) Summary of the definition of vitamins in general and vitamin A in particular 

The problem is that different national and international professional societies do not describe 

the definition of “vitamin A” consistently and sometimes present it in a paradoxical manner. 

The following three problems of the current situation with different definitions are summarized 

here: 

i) Based on the information provided by EFSA and WHO and the current state of science, the 

latter of which can be read in many publications and reviews (Böhm et al., 2021; T. Bohn et al., 2021; 

T. Bohn et al., 2019), provitamin A is part of the vitamin A family and therefore vitamin A and 

vitamin A IS essential. These facts are based on the general vitamin definition of the WHO and EFSA 

(EFSA Panel on Dietetic Products & Allergies, 2015; WHO/FAOExpertgroup, 1967, 1988) and 

numerous scientific studies (Böhm et al., 2021; Bohn et al., 2022; Bohn et al., 2017; Bohn et al., 2019). 

ii) Another problem in optimising and simplifying the term vitamin A is also the equation of 

the terms “retinol” with “vitamin A” and “vitamin A1”, which prevents a differentiation between 

vitamin A subgroups such as vitamin A1 and vitamin A2 and other possible subclasses. 

iii) An additional problem is that vitamin A alcohol / retinol is mistakenly used as the reference 

for vitamin A-mediated activity and subsequent dietary recommendations, rather than the major 

"active" form, all-trans-retinoic acid (ATRA), and further ATRA - retinoic acid receptor (RAR) 

mediated signalling. 

A clear definition of vitamin A is important for a further evaluation of whether a new vitamin A 

subclass should be included in the vitamin A group. For this, all criteria (Figure 1) should be met: a 

vitamin must be a) a micronutrient, b) a dietary component, c) provide a physiologically important 

function and d) being essential (according to EFSA, “as they are not made within the body”). These three 

problems with the definition of vitamin A lead to serious problems of interpretation. A publication 

by Prof. Diana Banati, from the University of Szeged, Hungary, a former chair of EFSA, summarizes 

the problems of the different definitions (Banati & Rühl, 2024), shown in Figure 3. 

 

g) Need for optimization and action: 

There is currently an urgent need for optimization and therefore a direct need for action at 

national and international level by national societies and international authorities (EFSA and WHO), 

but also for the EU legislators, whose draft laws will be further implemented in the respective EU 

member states and associated third countries. 

The problem is the false equivalence of the term “vitamin A” with the terms “vitamin A1” and 

“retinol”, which now, after decades, is now widespread in many national and international 

organizations and also forms the basis for legally binding food labeling in national and international 

legislation. 

A scientifically correct presentation of scientific facts, based on WHO and EFSA definitions in 

the area of vitamin A, therefore also has direct legal consequences for free science, popular science 

communication, scientifically correct dietary recommendations, but also for the commercial 
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implementation of scientific findings in the area of food and its declaration. European consumer 

protection organizations are currently pushing for the communication of scientifically incorrect data 

in food labeling based solely on the basis on given, partly paradoxical foundations of EU food law 

and the EU Food Declaration (Commission, 2011; European Commission, 2024). 

In order to ensure correct, legally binding food labeling, also with relevance for new vitamin A 

subclasses, a correct, uniform and non-paradoxical reorganization and disentangling of the term 

vitamin A must be sought. This correct presentation of the term vitamin A could be initiated by a 

national nutrition association such as the DGE, although further persuasion work will probably be 

required to overcome the initial activation energy. But constant dripping wears away the stone and 

sooner or later international and national organizations will have to take action. 

4. The Biological / Physiological Mechanisms of Action of Vitamin A 

The biological mechanisms of action for optimal health and prevention of vitamin A deficiency 

include three biological / physiological vital / essential mechanisms: 

a) The action of retinal as a component of the pigment Rhodopsin in the visual process. 

b) Activation of the retinoic acid receptor (RAR) and subsequent RAR-mediated signalling 

initiated by all-trans-retinoic acid. This RAR-mediated signalling involves important physiological 

functions of vitamin A in the immune system, embryonic development, cellular differentiation and 

proliferation, and other biochemical processes. 

c) Activation of the retinoid X receptor (RXR) and subsequent RXR-mediated signaling. The 

RXR is the respective partner for the RAR, so RXR-mediated signaling is also an important criterion 

for RAR-mediated signaling. It is also a partner in signaling of vitamin D via the vitamin D receptor 

(VDR), of thyroid hormones via the thyroid hormone receptor (TR), of cholesterol derivatives via the 

liver X receptors (LXRs), of fatty acids and lipid mediators via the peroxisome proliferator-activated 

receptors (PPARs) and other signaling such as via alternative nuclear hormone receptors, e.g. the 

“nuclear receptor subfamily 4 group A member 2” (NR4A2), see Figure 4. 

Summary: The RXR is probably THE most important physiological master switch, enabling a 

multitude of signalling pathways via numerous nuclear hormone receptors (Mangelsdorf & Evans, 

1995). An endogenous RXR ligand is therefore the most important dietary substance that enables 

and controls all these signaling cascades (Evans, 2005; Evans & Mangelsdorf, 2014). 
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Figure 4. Summary of RXR-controlled signaling, modified from (Banati et al., 2024) . Abbreviations: 

Nuclear hormone receptor (NHR), peroxisome proliferator-activated receptors (PPAR), vitamin D 

receptor (VDR), liver X receptor (LXR), “nuclear receptor subfamily 4 Group A Member 2" (NR4A2), 
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retinoid X receptor (RXR), provitamin A1 (proVitA1), vitamin (Vit), all-trans-retinoic acid (ATRA) 

and 1,25-dihydroxy-vitamin D3 (1,25VD3). 

5. The Missing Piece of the Vitamin A Puzzle, the Vitamin A-Controlled RXR-Mediated 

Signaling 

Based on experiments in animal models, this most important part of a vitamin A-mediated 

effect is the vitamin A - RXR-mediated signaling (Balmer & Blomhoff, 2002; Mangelsdorf & Evans, 

1995). This vitamin A - RXR-mediated signaling effect includes not only the vitamin A - RXR - 

RAR-mediated effect, with is important for general and embryonic development, but also the control 

of physiological processes such as differentiation, apoptosis and proliferation with essential 

importance for the immune system, and the maintenance of skin, bones and other organs. 

The importance of vitamin A - RXR signalling extends much further, to the general control of 

processes mediated by other nuclear hormone receptors, such as VDR, TR, LXRs, PPARs and 

NR4A2, which are responsible for, among other things, the general maintenance and control of our 

body's metabolism (Evans & Mangelsdorf, 2014). Some of these mechanisms are vital to our bodies, 

while others are not immediately essential. Using the example of the control of insulin secretion 

mediated by vitamin A - RXR signalling (Kane et al., 2010; Mangelsdorf & Evans, 1995), long-term 

dysregulation of vitamin A-RXR signalling can have serious consequences that only occur after a 

long period of dysregulation, as in the case of diabetes mellitus (Khunti et al., 2023). This disease is a 

chronic, treatable disease that severely limits the quality of life but is not fatal and immediately 

leading to death. In this case, vitamin A - RXR signaling would not be essential. These consequences 

therefore only occur after a long (very long) period of dysregulation, i.e. not immediately, in other 

known chronic diseases of the Western lifestyle, such as cardiovascular disease, diabetes, 

atherosclerosis, suboptimal mental health and an increased prevalence of a variety of neurological 

diseases with a focus on neurodegenerative diseases (NIH, 2024; Wilson, Cookson, Van Den Bosch, 

Zetterberg, Holtzman, & Dewachter, 2023). 

These disorders are different from those caused by a deficiency of B vitamins. These 

water-soluble B vitamins are not stored in the body in significant quantities (with the exception of 

vitamin B12) and must therefore be taken in daily. In the case of vitamin A and vitamin A - RXR 

signaling, an acute effect is difficult to determine and difficult to correlate with a current daily 

vitamin intake. In the area of vitamin A and vitamin A deficiency, long-term effects relevant to 

chronic diseases must also be considered, even if these chronic diseases are not immediately fatal 

and can be explained by an essential, vital vitamin effect. 

The important question is: how does vitamin A mediate this RXR activation and subsequent 

RXR signalling?  

a) The controversial phantom ligand for RXR, 9-cis-retinoic acid. 

9-Cis-retinoic acid (9CRA) was independently "identified" by two working groups and 

described as THE endogenous ligand for the activation of the RXR (Heyman et al., 1992; Levin et al., 

1992). This work was carried out in the early 1990s using the most up-to-date analytical techniques 

available at the time. These techniques are considered to be rather unselective and insensitive 

analytical methods based on the current state of the art. In the years that followed, numerous experts 

in the field of vitamin A analysis, including the working group led by Dr. Heinz Nau () at the Free 

University of Berlin and later at the University of Veterinary Medicine in Hanover, conducted 

studies on this topic. Dr. Rühl, one of the discoverers of the vitamin A5 concept, carried out his 

diploma and doctoral theses with this working group. This working group, like other groups 

worldwide, attempted to detect 9CRA endogenously in animals and also in humans. The detection 

of endogenous 9CRA in humans could not be carried out or at least not clearly, summarized in (T. 

Bohn et al., 2022). Only decades later was a working group able to identify “9CRA” in humans using 

liquid chromatography coupled to mass spectrometry (LC-MS), but again not unambiguously and 

only at concentrations that are far below the level required for RXR activation (Arnold, Amory, 

Walsh, & Isoherranen, 2012). Another problem was that many alternative substances co-elute with 

9CRA in the analytical chromatographic methods used (de Lera et al., 2016; Rühl, 2006; Rühl et al., 
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2018; Rühl et al., 2015) and a clear identification and quantification of the analytical peak as 9CRA 

was not yet clearly possible (Rühl, 2006). 

To unambiguously detect an endogenous substance, ideally two or more independent 

analytical detection methods should be performed in parallel. In the case of 9CRA, separation by 

HPLC should be followed by detection, e.g. by selective MS/MS methodology and a diode array 

detector (Rühl, 2006). Based on this need for parallel detection of 9CRA by two independent 

methods, many publications that have detected and quantified 9CRA must be questioned (Heyman 

et al., 1992; Wang, Krinsky, Benotti, & Russell, 1994). The interpretation that 9CRA has not been 

unambiguously identified and that 9CRA is not THE endogenously occurring RXR ligand is 

currently accepted by experts in the field of retinoid analysis, reviewed in (Bohn et al., 2022; de Lera 

et al., 2016; Krezel et al., 2019; Rühl et al., 2018). 

The questions of whether a) 9CRA is definitely present in the human organism and whether b) 

there is a controlled enzymatic synthesis in the human organism (again based on inadequate 

analysis) have not yet been clearly clarified, are speculative and therefore not a proven scientific fact. 

Unfortunately, this "shaky" "9CRA - endogenous RXR ligand" hypothesis is still being promoted by 

many nutritional experts with no experience in the field of retinoid analysis and no involvement in 

this complex subject. 

Dr. Ron M. Evans (H-index 232) and Dr. Pierre Chambon (H-index 211) are the pioneers in the 

field of nuclear hormone receptors and highly decorated scientists and multiple nominees for the 

Nobel Prize. Ron Evans was the research supervisor of Dr Rühl's former postdoctoral supervisor and 

later collaborator (Dr Laszlo Nagy, University of Debrecen, Hungary and John´s Hopkins 

University, St Petersburg, USA) in Hungary and Pierre Chambon is the PhD supervisor of Dr Wojtek 

Krezel, who is also the discoverer of vitamin A5. 

In 1992, Ron Evans identified 9CRA as THE endogenous RXR ligand (Heyman et al., 1992) and 

later described 9CRA as the “BIG BANG” in nuclear hormone receptor research (Giguère & Evans, 

2022). In a review article in 2022, Evans revised his statement based on the work of Krezel et al. ( 

Krezel et al., 2021): “A search for a higher affinity retinoid for RXR led to the identification of the 9-cis isomer 

of RA (9-cis-RA) as a suitable ligand (Heyman et al., 1992; Levin et al., 1992). Given its low abundance in 

tissues and high affinity of the RARs, the exact role that endogenous 9-cis-RA plays as an RXR ligand in 

retinoid signaling in vivo has remained elusive. However, it has recently been reported that a retinoid related to 

9-cis-RA present at high endogenous levels in mice, namely 9-cis-13,14-dihydroretinoic acid, binds and 

transactivates all three RXRs at physiological concentrations (Rühl et al., 2015),” see Figure 5. 

Summary: The status of 9CRA as THE physiological ligand for the RXR with an enzymatically 

regulated metabolic pathway is still very present in the nutritional research literature, but this 

hypothesis remains very fragile and has been revised by Dr. Ron Evans (Giguère & Evans, 2022), 

based on the later work of Krezel, Rühl and de Lera (Krezel et al., 2021), around the discovery of the 

9CDHRA-RXR-mediated pathway (Rühl et al., 2018; Rühl et al., 2015). 

 

b) The new vitamin A5 concept and vitamin A - RXR-mediated signaling 

This new vitamin concept describes the unique concept of a nutritionally relevant precursor of 

an endogenous RXR ligand, 9CDHRA, and the subsequent mediation of vitamin A – RXR-mediated 

signaling (de Lera et al., 2016; Krężel et al., 2021; Krezel et al., 2019; Rühl et al., 2018; Rühl et al., 

2015). Physiological relevance (Krężel et al., 2021; Rühl et al., 2018), essentiality of an RXR ligand 

(Mascrez, Ghyselinck, Chambon, & Mark, 2009; Mascrez, Mark, Dierich, Ghyselinck, Kastner, & 

Chambon, 1998), occurrence as a micronutrient in the human food chain (Bohn, Despotovic, Vahid, 

& Rühl, 2024; Bohn et al., 2023; Krężel et al., 2021), occurrence in the human organism (Krężel et al., 

2021; Lucas, Szklenar, Mihály, Szegedi, Töröcsik, & Rühl, 2022), the relevance of vitamin A5 to 

mediated RXR-mediated signaling in humans (Shaish et al., 2006) and the calculated occurrence in 

the diet of Western society (Bohn et al., 2024), as well as the relevance of vitamin A5 for human 

health and in particular for brain and nerve health, have already been described in numerous 

publications and are summarized in detail in another chapter (Bohn et al., 2025). 
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Figure 5. Left figure, 9CRA as “BIG BANG” and right figure, 9CDHRA as “BIG BANG” for the 

physiologically important RXR signaling mediated by interaction with a variety of nuclear hormone 

receptors and their important physiological functions in the human organism (Bohn et al., 2023; 

Evans & Mangelsdorf, 2014). 

6. A General Summary 

In order to discover and identify a vitamin, it was logical to first identify a disease that could be 

"cured" or whose symptoms could be significantly reduced by certain foods. The substances 

responsible for this were extracted, isolated, identified and then tested for their effects in non-human 

models. The result made it possible to declare it a vitamin. 

It was only years / decades later that clinical trials with dose-response relationships and 

mechanistic analyses, as well as accompanying metabolic analyses, were carried out, i.e. usually 

decades after a vitamin was considered to have been "discovered". Further decades later, the 

regulatory basis was established, additional health claims were created and intake levels for these 

vitamins were proposed. These reference values and health claims were then anchored in sometimes 

paradoxical legal frameworks on the use of health claims and reference values for legal food 

labeling. 

Based on existing definitions for the terms “vitamin” and “vitamin A”, improvements and 

global standardization in the field of vitamin A are proposed, which can and must be easily and 

quickly implemented by national and international organizations. 
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