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Abstract: A new vitamin has been discovered 80 years after the last identification of a vitamin -
vitamin A5. What criteria are generally used to identify a substance as a vitamin? How does
vitamin A5 fit into the partly misinterpreted and misleading definition of vitamin A? In this
review, we summarise all the important findings to provide an open assessment of the current
situation. It also identifies the missing details of this new vitamin concept. These details - what is
present and what is missing - are evaluated in the historical and current context.
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Towards a new vitamin under new conditions: many new regulations compared to the last

century and unclear guidelines

“To take a new step, to utter a new word, is what people fear most.” — Fyodor Dostoyevsky

When something new is introduced, no matter what the field, the first and biggest hurdle is
usually general rejection. Legislators and public institutions, often in the name of the consumer, tend
to be conservative and restrict innovation.

From the point of view of established nutrition experts, possible conflicts of interest due to the
involvement of a spin-off / start-up company in the joint presentation, the development of scientific
principles and the discussion of possible misinterpretations of existing regulations hinder the
establishment of new concepts (Bohn, Rohn, Bohm, & Riihl, 2024). Individual nutrition experts claim
a rather exclusive view of the scientific evidence, based on their independent position, which is
funded by the politically motivated public sector and tends to focus on providing information or
nutrition education (Agriculture, 2024).
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These nutritional education measures are correct and important, but for a variety of reasons,
only a very small proportion of the population is aware of them and, above all, follows them (Bohn,
Rohn, et al., 2024). As a result, a significant proportion of the population is partially dependent on
food fortification and supplements to achieve the recommended daily allowance of certain
micronutrients. According to some organisations, such as the European Food Information Centre
(EUFIC), this is as high as 70% of people in Europe, again largely for socio-environmental reasons
(EUFIC, 2024). Unfortunately, this large segment of the population does not receive enough
attention from official nutrition institutions.

At present, national and international nutritional societies have made maximum and
unfounded demands to categorise vitamin A5 as a micronutrient and thus to call it a vitamin, i.e. a
complete set of data is required. However, categorisation as a vitamin already seems to meet the
requirements based on the criteria for a vitamin (Bohn, Rohn, et al., 2024) and what constitutes and
describes a vitamin.

Conducting additional clinical trials and overcoming the associated ethical hurdles is simply
not possible compared to the establishment of other micronutrients 50 or even 100 years ago. This
current attitude is generally not conducive to the step-by-step advancement of nutritional
innovation.

In order to ensure a scientifically independent and transparent view that is relevant to the entire
population, national and international experts in the field of vitamin A / carotenoids have
summarised the current data on vitamin A / A5 in this article in order to enable an independent
presentation of the legal and scientific basis. These are the difficult and given conditions for
establishing a new vitamin which, after 20 years of intensive research, appears to be relevant to the
health of billions of people.

On the scientific facts:

The evidence for the endogenous occurrence of 9-cis-13,14-dihydroretinoic acid (9\CDHRA) and
its retinoid X receptor (RXR) activation potential and function as a new lipid hormone formed the
basis for the postulation of the vitamin A5 concept in 2018 (Riihl, Krezel, & de Lera, 2018). This
postulate was also made taking into account the unclear and fragile status of the "9CRA -
endogenous RXR ligand" hypothesis and an embedding in the current vitamin A concept (Bohn,
Rohn, et al., 2024). These aspects were also embedded as scientific consensus in the current vitamin
A concept in review papers of the a) EU COST action "EUROCAROTEN", through a review article
with 21 internationally experienced carotenoid experts as co-authors (Bohn et al., 2021) and another
position paper of the EU COST action "POSITIVE" (Bohn et al., 2019).

Work on the identification and action of 9CDHRA has identified an important new component
that can, for the first time, conclusively explain an important physiological mechanism of action of
vitamin A, the RXR signalling pathway. A "food to ligand to vitamin A - RXR-mediated effect" by
9CDHRA and the postulated vitamin A5 concept was the first complete representation to logically
explain food-related RXR activation and use it as a "food to action" concept.

The basis for this was the identification of 9CDHRA as an active RXR ligand and hormone-like
substance, which also occurs in physiologically and nutritionally relevant concentrations in the
mammalian model (Riihl et al, 2015) and also in humans (Lucas, Szklenar, Mihaly, Szegedi,
Torocsik, & Riihl, 2022). These studies with 9CDHRA also included evidence for binding data of
9CDHRA to RXR and a resulting RXR-mediated effect.

The Vitamin A5 Concept: From the Postulate of the Vitamin to the Confirmation of the Concept

To confirm the food-induced RXR-mediated mechanism, the following experiments were
performed:
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a) An animal model in which the memory functions of animals have been demonstrated in a
maze (Riihl et al., 2015). This model is used to selectively detect RXR-mediated effects as opposed to
RAR- and / or co-RAR-mediated effects (Krezel et al., 2021; Rihl et al., 2015). This activation of
selective RXR-mediated effects by 9CDHRA was already confirmed by initial studies (Riihl et al.,
2015). The activation and initiation of RXR-mediated effects by administration of vitamin A5 alcohol
/ 9-cis-13,14-dihydroretinol (9CDHROL) to mice was also confirmed (Figure 3F, (Krezel et al., 2021)).
9CDHROL is the dietary precursor of 9CDHRA, confirming the vitamin A5 concept. It was clearly
shown that 9CDHROL is the direct dietary precursor for the endogenous ligand 9CDHRA, which
initiates this selective vitamin A-specific RXR signalling.

b) Further animal and cell culture experiments were carried out to find other dietary precursors
of 9CDHRA. It was found that the substances 9-cis-13,14-dihydro-beta-carotene (9CDHBC) and
9-cis-beta-carotene (9CBC) are also dietary precursors of 9CDHRA and therefore have a vitamin A5
function and belong to the vitamin A5 family (Krezel et al., 2021).

¢) The substances 9CDHROL, 9CDHBC and 9CBC used in these publications (Krezel et al.,
2021) (Riihl et al., 2015) have also been detected in humans and in the human food chain.

d) It has also been shown that in mice, vitamin Al in the form of retinol (all-trans-) and
provitamin Al in the form of all-trans-beta-carotene CANNOT be converted into vitamin A5 /
provitamin A5 or the active ligand of vitamin A5 (9CDHRA). However, in a biological sense, it is
correct to say that very little conversion takes place, but this is not considered to be physiologically
or nutritionally relevant (Krezel et al, 2021). Furthermore, on the basis of many scientific studies in
the field of carotenoids / vitamin A, it can be assumed that this situation in mice is similar to that in
humans and only corresponds to the conversion of one essential micronutrient, vitamin Al, into
another essential micronutrient, vitamin A5.

e) At the end of this study, a figure was created (Figure 1; Figure 5 in this publication (Krezel et
al., 2021)) that confirmed the metabolic concept of vitamin A5 from "food to vitamin to active ligand
to selective vitamin A-specific RXR-mediated signalling".

f) The creation of a "Food via Mechanism to Action" concept to scientifically describe the
protective effect of a healthy diet containing sufficient vitamin AS5. In this case, vegetables, especially
leafy vegetables, have been described as a protective factor against certain diseases of Western
civilisation, such as a variety of neurological diseases.

Summary: Currently, there is evidence that vitamin A5 is the nutritionally relevant substance to
generate selective "vitamin A - RXR specific - RXR signalling". There is currently no alternative and
proven "food to ligand to RXR signalling" concept other than this vitamin A5 concept.

Furthermore, the RXR-specific effect of vitamin A5 has been confirmed with relevance to the
brain (Figure 3F, (Krezel et al., 2021)). Further studies confirm important functions of vitamin A5 in
cognition, anxiety and depression, i.e. important functions directly mediated in the brain
(Krzyzosiak et al., 2021).

Based on the World Health Organization (WHO) requirements for vitamin declaration (Bohn,
Rohn, et al,, 2024): a vitamin must be a) a micronutrient, b) a dietary component, c) perform a
physiologically important function, and d) be vital / essential (according to EFSA, "i.e. not produced in
the body and must be obtained from food"). These necessary elements are all in place for this new vitamin
to be listed and presented by nutritional organisations and their distribution channels for the benefit
of the consumer (Figure 2).
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plant-derived food: fruits and vegetables

animal-derived food: meat / meat products / dairy / fish ’\
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Figure 1. The new updated vitamin A concept with the embedding of vitamin A5 (Krezel et al., 2021).
Abbreviations: Retinoid X receptor (RXR), retinoic acid receptor (RAR), all-trans-retinoic acid
(ATRA), all-trans-retinol (ATROL), all-trans-retinyl ester (ATROL-ES), all-trans-retinal (ATRAL),
9-cis-p-carotene (9CBC), 9-cis-13,14-dihydro-B-carotene (9CDHBC), 9-cis-13,14-dihydroretinol
(9CROL), 9-cis-13,14-dihydroretinyl ester (9CDHROL-ES), 9-cis-13,14-dihydroretinoic  acid
(9CDHRA).

The definition and embedding of vitamin A5 in the present context of vitamin A

This "vitamin A - RXR-specific - RXR-mediated signalling” by vitamin A5 is an essential, nutritionally
relevant, micronutrient-mediated and physiologically necessary effect of vitamin A, and thus meets all the
necessary criteria established by the WHO (Institute of Medicine, 2001; World Health, Food, & Agriculture
Organization of the United Nations, 1967), so that vitamin A5 can be clearly classified as a vitamin and
also as a new vitamin with specific effects not only mediated by vitamin A1 pathways (Bohn, Rohn, et al.,
2024).
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A ATBC 9CBC
nM nM
Serum 131/275/703 # UDL #
420 (120 - 890) * 0-4 *$
Liver 1400 / 1600 / 7300 # 400 / 600 / 2100 #
3020 (160 — 8620) * 1162 *$
Kidney 550 (80 — 2031) * 177 *$
Adrenals 1800 / 2000 / 4400 # 100/ 100 / 300 #
5600 (680 —31,830) * 988 *$
Testes 2680 (750 —4770) * 670 *$
Prostate 480 +0.06 ** 380 £ 0.06 **
Breast milk 916 *** 24 **xx
B dry weight fresh wet weight
in pg/g inug/g
ATBC 9CBC ATBC 9CBC
Fruits
peach ## 2.2 0.3
apricots # 16.0 * 4.4%* 2.0 0.6
Papaya # 10.6 $ 7.0 1.9 1.3
Vegetables / root vegetables
pumpkin # 9.7 $S 2.7 0.6 0.2
sweet potato ### 38.2 1.5
tomato ## 71.0 4.8
carrots # 1030 *** 57.1 *** 117 6.5
Leafy vegetables
lettuce # 104 ** 41.0 ** 5.0 2.0
broccoli ## 29.2 5.0
kale ### 59.4 14.1
spinach ## 3119 38.6
Algae with no direct food relevance
Dunaliella salina # 38,500 37,800 §§ 8§

Figure 2. A. Slightly modified Table 2a from the reference (Bohn et al., 2023), containing the
concentrations of 9CBC / provitamin A5 (in nM) in different compartments in humans.
Abbreviations: all-trans-f3-carotene (ATBC) and 9-cis-B-carotene (9CBC). UDL - below the detection
limit. The additional details added (%, $, *, **, ***) are from the table in the original article and refer to cited
studies and procedures performed (Bohn, de Lera, et al., 2022). B. Occurrence of vitamin A5 in the form of
provitamin A5 in the human food chain, modified from (Table 2b in (Bohn et al., 2023) ).
Abbreviations: all-trans-f3-carotene (ATBC) and 9-cis-B-carotene (YCBC). The additional details added (%,
w88, §§, #, #4, ##4)) are taken from the original article and refer to cited studies and procedures performed
(Bohn, de Lera, et al., 2022).

Since vitamin A5 is structurally similar to vitamin Al, it should logically be assigned to vitamin
A as a subclass, preferably as an independent subclass, as we proposed.

The problem is that the term "vitamin A1" is, and has often been, mistakenly equated with the
term "vitamin A", and a sub-classification of the concept of vitamin A5 should only apply to the
correct term "vitamin A" and not to the term "vitamin A1", which is mistakenly equated with vitamin
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A. This can lead to confusion with the current definition of vitamin A. Therefore, the definition of
vitamin A should first be optimised, i.e. made more specific. This could be achieved by national and
international professional bodies and authorities, such as the European Food Safety Authority
(EFSA) and the WHO.

The occurrence of vitamin A5 in the human organism

Vitamin A5 alcohol, i.e. 9CDHROL, has only been detected at very low concentrations in
human serum, at 0.9 ng/mL (for comparison, all-trans-retinol is present at concentrations around 500
- 1000 ng/mL (Bohn, de Lera, Landrier, & Riihl, 2022)). It is planned to investigate 9SCDHROL and
9CDHROL esters in human sera and organs in the near future using a newly established HPLC
method. 9CDHRA has already been detected in humans in three studies, with concentrations in
human serum of 4.8 ng/mL (Krezel et al., 2021), 4.2 / 4.8 ng/mL (Lucas et al., 2022) and 3.9 ng/g in
human adipose tissue in the EU NUTRITECH cohorts. These data have not yet been published but
are publicly available via the EU NUTRITECH databases (NuGO, NMC, & NBIC, 2024). For
comparison, all-trans-retinoic acid / vitamin Al acid is present in the human organism at
concentrations of 0.8 - 2.8 ng/mL (Bohn, de Lera, et al., 2022).

The detection of provitamin A5 / 9CBC in the human organism has been carried out in several
studies and these data have been summarised in a review (Figure 2A; Table 2 from (Bohn,
Hellman-Regen, de Lera, Bohm, & Riihl, 2023)).

Occurrence of vitamin A5 in the human food chain

9CDHROL has only been detected at very low levels in human food, for example in beef liver at
8 ng/g. A further initiative and screening of fresh and processed foods will take place at the
beginning of the year (2025).

Many fresh and processed foods have been analysed for provitamin A5 (Figure 2B) (Bohn et al.,
2023). In summary, provitamin A5, in the form of 9CBC, is mainly found in vegetables, with a focus
on leafy and root vegetables (Bohn et al., 2023).

A first proposed list of dietary guidelines for vitamin A5 with special consideration of provitamin A5

An assessment of actual dietary intakes and dietary guidelines for vitamin A5 alcohol and its
esters cannot be made due to the very limited data available. It is currently assumed that these forms
of vitamin A5 have little or no relevance for the overall intake of vitamin A5.

For provitamin A5, two different approaches were used to calculate possible dietary guidelines:

a) Calculation of 9CBC based on its percentage contribution to the total intake of beta-carotene
(BC) from natural BC-containing sources and from food sources to which BC has been added as food
additives (E160a I-1V).

These BC intakes are available in many databases and have been published in reviews (Bohm et
al, 2021). These data can then be converted and adjusted relatively easily. This results in a calculated
daily intake of 1.1 (range: 0.5 - 1.8) mg 9CBC / day (Bohn et al., 2023), with an intake of 4.8 (range:
3-10) mg / day of total beta-carotene (Bohm et al., 2021). In addition, intakes of foods with medium or
high levels of 9CBC were calculated, resulting in estimated daily intakes of, for example, 1800 g of
peaches or 30 g of raw spinach to achieve this 1.1 mg of 9CBC / provitamin A5 per day.

b) A further calculation of the 9CBC intake was based on a healthy and recommended "5 A DAY"
diet in humans, and on the assumption that sufficient bioactive compounds, including micronutrients,
are provided by fruit / vegetables. Cohort studies have confirmed that long-term health, low mortality
and logevity are associated with this recommended diet (Wang et al, 2021). The 9CBC intake was
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calculated on the basis of 5 portions of 80 g of fruit and vegetables / day, using the respective 9CBC
concentrations in fruit and vegetables and taking into account the respective 9CBC concentrations in
these food components and the average intake of fruit and vegetables in different European countries.

The calculated amount for people following the recommended "5 A DAY" diet is an average
calculated intake of 1.1 mg / day, confirming our previous calculations, so that the value of 1.1 mg
9CBC / provitamin A5 per day could be calculated consistently using two different calculation
methods (Bohn, Despotovic, Vahid, & Riihl, 2024).

It should also be noted that large parts of the population, i.e. ~2/3 and also the population
average, are below the optimal calculated intake of 1.1 mg provitamin A5 / day (Bohn, Despotovic, et
al., 2024). This is mainly due to the low consumption of fruit and vegetables, especially leafy
vegetables, in many northern and central European countries (Agudo et al., 2002) and especially the
young population. In southern and eastern European countries, where vegetable consumption is
higher, the daily intake of 9CBC is sufficiently high (Bohn, Despotovic, et al., 2024).

In summary, the following recommended intake of 1.1 mg 9CBC / provitamin A5 per day,
estimated by two independent methods, was found. Based on the low acceptance rates of a
recommended "5 A DAY" diet of only 10-30% in the Western population, we calculate, with relevance for
European countries and based on the EPIC databases of 66,544 people, that > 2/3 of the European
population have a possible vitamin A5 deficiency, with potential negative consequences for health,
especially mental health.

What is a vitamin A5 deficiency? Is vitamin A5 essential?

Vitamin A5 deficiency is part of a general vitamin A deficiency that shows congruence with vitamin
Al deficiency based on reduced / prevented RAR-RXR-mediated signaling. It should be noted that the
RXR functions as the master switch to allow multiple signalling with other nuclear hormone receptors
(NHR), such as the vitamin D receptor (VDR), the lipid mediator receptor (peroxisome
proliferator-activated receptor / PPAR), the cholesterol derivative receptor (liver X receptor / LXR),
thyroid hormone receptor (TR), retinoic acid receptor (RAR) and NR4A2. All of these processes are
therefore dependent on the endogenous RXR ligand and therefore on vitamin A5, which must be
obtained from the diet.

We hereby exclude the vitamin A-mediated effect on vision in vitamin A5 deficiency that is
mediated by a non-NHR-mediated pathway and focus only on the effects mediated by
NHR-dependent pathways.

A common vitamin A5 deficiency corresponds to two possible types of vitamin deficiency:
First, a dysfunction of vitamin Al - RAR - RXR-mediated effects and is therefore fully consistent
with a vitamin Al deficiency. Second, a dysfunction of vitamin A5 — RXR - alternative
NHR-mediated signalling may occur, corresponding to a specific vitamin A5-dependent deficiency.

RXR is an NHR that is required as a heterodimer binding partner to interact with a variety of other
nuclear receptors and to control genetic transcription and the synthesis of specific proteins. This RXR
requires activation by a ligand. This RXR as a partner receptor must not only interact with another
receptor and then bind to the DNA, but the activation of the RXR is absolutely necessary (Mascrez, Mark,
Dierich, Ghyselinck, Kastner, & Chambon, 1998) in order to initiate RXR action mediation. To date, there
is no plausible alternative to activation by the endogenous vitamin A5 acid (9CDHRA) and its dietary
precursor, vitamin A5, to enable this RXR-specific signaling in the human organism.

We have summarised a logical compilation of vitamin A5 - RXR mediated signalling in relation
to human health with a focus on mental health (Banati et al., 2024). In this article, we have listed a
number of non-optimal mental states and also neurological diseases that correspond to a possible
vitamin A5 deficiency (Figure 3). All of these mental states and neurological diseases involve a
problem in RXR-mediated signalling (Banati et al., 2024; Evans, 2005; Evans & Mangelsdorf, 2014;
Mangelsdorf & Evans, 1995) and are based on a primary (low dietary vitamin A5 intake) or
secondary (impaired RXR - vitamin A5 signalling) vitamin A5 deficiency (Figure 4A). The following
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listed physiological mechanisms (Figure 4B) have been defined here as key mechanisms of vitamin
A5 - RXR signalling with relevance for nerves and brain, summarised in Banati et al. (Banati et al.,
2024) (Figure 4B). A specific vitamin A5 deficiency is not present in RXR-RAR mediated effects, but
in "LXR / PPAR / VDR / NR4A2" - RXR mediated effects (Banati et al., 2024).

Summary: Evidence that vitamin A5 mediates important a function in the brain and nerves is
based on:

a) Animal experiments in which this RXR signaling can be activated by vitamin A5 but not by
vitamin Al.

b) Animal models in which the RXR has been rendered non-functional or in which heterodimer
binding partners of the RXR, such as the vitamin D receptor (VDR), the cholesterol derivative
receptor (LXR), the lipid mediator receptor (PPAR) and NR4A2, have been rendered non-functional
and severe damage to functions in the brain and nervous system has been demonstrated,
corresponding to the mechanisms of the diseases mentioned in Figure 3.

¢) Polymorphisms of proteins that are important for RXR signalling and are therefore risk factors for
direct and indirect physiological effects on the mechanisms leading to the diseases shown in Figure 3.

d) A direct association between low intake of foods high in 9CBC / provitamin A5 and high
prevalence of the diseases and indicators of suboptimal mental health listed in Figure 3.

There is therefore clear evidence of a direct influence of vitamin A5 on important functions in
the brain and nerves (Banati et al., 2024). However, a direct link between vitamin A5 and a healthy
brain and physiologically important brain functions in humans still needs to be experimentally
confirmed in complex clinical trials in humans.

Direct evidence for the influence of vitamin A5 / provitamin A5 on RXR signalling in general is
currently available in humans (see references in (Banati et al., 2024; Bohn et al., 2023)), as listed
below. Unfortunately, direct specific evidence for important functions of vitamin A5 on the brain
and nervous system in humans is still lacking.
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/Potential effects associated with a vitamin A5 deficiency \

Medium-term effects on general mental health / well-being:

mental stress

anxiety / insecurity / aggression / irritability / nervousness
reduced cognitive abilities

depression

loss of appetite / general loss enjoyment of life / dissatisfaction
listlessness

sleep disorders

restlessness

addictive behaviour towards drugs and drug-like stimuli
non-optimal brain aging

YVVVVVVVVYVY

Long-term negative effects on neurological disease prevalence
and progression:

» neurodevelopmental diseases
autism, attention deficient hyperactivity disorder (ADHD)

» mental / psychotic diseases
major depression disorder / drug addictions / alcoholism /
dementia / Schizophrenia / bipolar disorder

» neurodegenerative diseases
Alzheimer’s disease / Parkinson’s disease / dementia /
amyotrophic lateral sclerosis (ALS) / Multiple sclerosis (MS) /
Huntington’s disease

» demyelination diseases
multiple sclerosis (MS), Guillain-Barré syndrome

» neuro-immunological diseases

- J

Figure 3. Summary of the possible effects of vitamin A5 deficiency (Banati et al., 2024).
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A - )

A. Primary vitamin A5 deficiency:

= To less dietary intake of
provitamin A5 / vitamin A5

J
~

B. Secondary vitamin A5 deficiency:

= problems in uptake, transport,
metabolism and degradation of
9CDHRA

= dysfunctional vitamin A5-mediated
signalling via 9CDHRA-RXR-"alt.
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Figure 4. A) Relevant mechanisms for vitamin A5-mediated effects in the brain and nerves and B)
Mechanisms of primary and secondary vitamin A5 deficiency (Banati et al., 2024).

Clinical trials with provitamin A5 and synthetic RXR ligands: Vitamin A5, RXR and the human

relevance

Interventions with provitamin A5-enriched extracts: Several supplementation trials with
provitamin A5- / 9CBC-enriched extracts have been carried out and are summarised in Table 3 (Bohn
et al., 2023). Of note is a study of provitamin A5 supplementation by Shaish et al. (Shaish et al., 2006),
which showed a significant increase in the direct RXR-LXR dependent factor, HDL cholesterol, after
provitamin A5 supplementation. This shows that provitamin A5 supplementation can induce an
RXR-mediated change in the human organism. This confirms the human nutritional relevance of our
vitamin A5 - RXR signalling concept through provitamin A5 / vitamin A5 supplementation.
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Synthetic RXR ligand interventions: To date, a large number of interventions with synthetic
RXR ligands (LGD-1069 / Targretin / Bexarotene) have been used in multiple sclerosis (Brown et al.,
2021; Brown et al., 2022) and other neurological diseases such as Alzheimer's disease (Balducci et al.,
2015), with broad clinical potential. Unfortunately, there is also a moderate side effect,
hypertriglyceridemia, induced by this synthetic RXR ligand (Brown et al., 2021). These side effects
therefore prevent the clinical use of synthetic RXR ligands in the treatment of a variety of neurological
diseases.

However, these effects can easily be explained by RAR - RXR mediated effects, which represent
a feedback with negative consequences for the human organism in response to high doses of an RXR
ligand (Lee et al., 2012; Mihaly et al., 2012). Clinical interventions with provitamin A5, and as
expected also with vitamin A5 directly, have not caused any of these toxic effects due to their
pro-"drug" mode of action.

In summary, an RXR ligand can have desirable effects on brain and nerve function in humans.
Toxic effects such as those seen with selective and potent synthetic RXR ligands administered at high
doses are not expected when natural precursors such as vitamin A5 / provitamin A5 are administered to
humans.

Vitamin A5 and the overall concept of nutrition

Many pieces of the puzzle are still missing to explain the health benefits of a balanced and
healthy diet rich in fruit and vegetables. Today, such a balanced diet appears to be essential to
provide the human body with all the micronutrients, including those that may still be unknown.

Many diseases associated with the Western lifestyle, such as disorders of lipid, glucose and insulin
homeostasis and of adipocyte metabolism, with implications for diabesity (the term diabesity describes
the global epidemic characterised by the simultaneous occurrence of obesity and type 2 diabetes) and
arteriosclerosis, differentiation, proliferation and apoptosis with relevance to cancer, regulation of the
immune response with relevance to allergies, viral and bacterial infections, the mechanisms already
listed in Figure 4B with relevance to a variety of neurological diseases / mental disorders (Banati et al.,
2024) are subject to this control of vitamin A5-RXR mediated and controlled signalling and are thus
partly or wholly caused by a suboptimal vitamin A5 rich diet (Bohn, Rohn, et al., 2024).

Vitamin A5 is a new vitamin and the precursor of the endogenous ligand for the RXR, the
"master switch" that enables this multitude of NHR-mediated effects to be activated and modulated
by targeted dietary intake.

Dietary recommendations that focus exclusively on a healthy and varied diet are
well-intentioned, but unfortunately the willingness of the entire population to follow these
recommendations is lacking (Bohn, Despotovic, et al., 2024; Domos}awska—Zyliﬁska, Lopatek,
Krysinska-Pisarek, & Sugay, 2023). Furthermore, it should not be forgotten that in Western societies,
food fortification and food supplements with a variety of specific micronutrients are also important
components of the diet to ensure an adequate supply of these specific micronutrients for the entire
population (Kuriacose & Olive, 2014; Mensink, Burger, Beitz, Henschel, & Hintzpeter, 2002), with
iodine being the most prominent example (Santos et al, 2019) and, of course, vitamin A1/ provitamin
Al (Bohn, Hellmann-Regen, de Lera A, Bohm, & Riihl, 2022).

The use of additional dietary supplements has not yet been shown to provide any overall
additional health benefits (National Institutes of Health, 2024). This may be because one or more
pieces of the puzzle are still missing to replace and specifically induce these desired effects of a
varied and healthy diet.

Conclusion: We hope that the identification of vitamin A5 is an important, if not the most
important, component of fruit and vegetables to explain and communicate the health-promoting
and health-maintaining effects of a healthy and varied diet.
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Summary of the status of vitamin A5 as a new vitamin (see Figure 5 and 6)

1. According to the WHO definition of micronutrients, and vitamins in particular, vitamin A5 is a
vitamin, as part of the vitamin A family, as an independent subcategory of vitamin A, with its own
specific non-vitamin A / Al-mediated mode of action, which corresponds to an important, if not the
most important, subset of vitamin A-mediated actions: the mediation of vitamin A-specific RXR
signalling.

2. Areas still lacking are valid reference values for vitamin A5 derivatives in the human
organism and recommended intake levels of vitamin A5. These values are in fact already available in
sufficient quantities for provitamin A5 and could be disseminated by the professional societies in
suggested reference amounts and intake amounts for vitamin A5.

3. Clinical relevance in humans is also lacking. In these experiments, a specific marker of
vitamin A5 deficiency / risk / undersupply (e.g. a functional transcriptomic marker or myelination)
should lead to a reversible improvement with vitamin A5 supplementation. However, such
biomarkers are currently lacking for many other vitamins, such as vitamin Al and vitamin D.

Items 2 and 3 listed are independent of item 1 to declare a vitamin. However, points 2 and 3 are
necessary to declare a food as either a) common food, b) a food ingredient / food enriched with a
food ingredient or c) a food supplement in a legally sound and binding manner with specific
reference values for vitamin A5 and vitamin A5-specific "health claims".

/ What is missing and what is already sufficiently proven
to confirm this vitamin A5 concept?

1. Isvitamin A5 a vitamin under the vitamin A concept?
2. Isvitamin A5 a vitamin A(1)-independent vitamin concept?
3. Is the experimental description of a not yet described specific deficiency of

vitamin A5 in humans a necessary criterion to describe vitamin A5 as a
vitamin?

QKRR )

® Based on the current ethical assessment situation, these experiments cannot
be carried out and therefore cannot be used as evaluation criteria by
nutritional organizations.

e The overall situation of a deficiency and the reversible elimination of the
deficiency situation by vitamin A5 for selective RXR-mediated signalling
pathways must be explained using complex animal models. These experiments
clearly show that vitamin A5 has the ability to strongly improve and correct a
vitamin A-selective RXR-mediated deficiency situation.

Thus, the proof required for describing an the essentiality of vitamin A5, is ®
indirectly confirmed:

4. Are health claims for vitamin A5 a necessary criterion to describe vitamin A5 O
as a vitamin?

Health claims are independent of a status describing vitamin A5 as a new
vitamin. For example, there are currently many derivatives that are vitamins,
such as vitamin A2 alcohol, but which do not have a health claim endorsed

\_ by EFSA. .

Figure 5. Summary of whether vitamin A5 can already be categorized as a micronutrient and thus as
a vitamin.
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Figure 6. Summary of the effects of vitamin A5 from intake to nutri-kinetics, the mechanism of action
to preventive effects on health based on a “step by step” confirmed cascade.

The Future of Vitamin A and Vitamin A5

First, there should be an international revision of the terms "vitamin A1" and "vitamin A" that
are scientifically inaccurate, inconsistent or misleading (Bohn, Rohn, et al., 2024). This will allow
vitamin A5 to be correctly incorporated into the definition of vitamin A to which it belongs.
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Establishing a new vitamin concept is a long and difficult process with the legal means
available today. The majority will have to be convinced of such a concept by a small, manageable
group of scientists. One could add that science in general is not a democracy where the majority
alone decides, but that the majority must accept the correct scientific principles.

More data are needed to prove and establish a deficiency situation in humans or to describe it
accurately in animal models. Further studies on the occurrence of vitamin A5 in multiple forms and
active metabolites in human food and in the human organism should also be expanded
experimentally. Correlations between vitamin A5 concentrations and biomarkers of general health
can be analysed in existing cohort studies. Furthermore, associations between intake amounts and
disease incidence may provide indirect evidence for the new vitamin A5 concept.

Summary for a healthy and varied diet relevant for vitamin A5 (see Figure 6):

1) A sufficient daily intake of vitamin A5 can be obtained from a varied and healthy diet, but
also from food additives and food supplements to prevent vitamin A5 insufficiency or even a
vitamin A5 deficiency.

This strategy of additional supplementation with specific micronutrients in the case of an
unbalanced diet with deficiencies in these specific micronutrients has recently been clearly
recommended by national nutritional organisations (Klug et al., 2024) and is therefore also relevant
for vitamin AS5.

2) Vitamin A5 is the dietary precursor for the activation of the RXR - the optional "major switch"
for multiple NHR signalling - thus enabling and controlling a variety of physiologically necessary
mechanisms.

3) Vitamin A5 is a newly identified micronutrient that plays an important role in the prevention
of diet-related diseases such as diabetes, arteriosclerosis, allergies, viral and bacterial infections,
neurological diseases and mental disorders relevant to the western lifestyle.

4) Vitamin A5 is an important micronutrient that provides a plausible, mechanistic explanation
for why a Western lifestyle diet leads to a high prevalence of Western lifestyle diseases, particularly
neurological diseases and poor mental health, which can currently only be explained in a
fragmentary, mechanistic way - but is actually observable.
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