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Abstract: Given the increasing scientific, clinical and consumer interest in highly prevalent func-
tional gastrointestinal disorders, appropriate therapeutic strategies are needed to address the many
aspects of digestive dysfunction. Accumulating evidence for the crucifer-derived bioactive molecule
sulforaphane in upstream cellular defence mechanisms highlights its potential as a therapeutic candi-
date in targeting functional gastrointestinal conditions, as well as systemic disorders. This article
catalogues the evolution of and rationale for a hypothesis that multifunctional sulforaphane can
be utilised as the initial step in restoring the ecology of the gut ecosystem; it can do this primarily
by targeting the functions of intestinal epithelial cells. A growing body of work has identified the
colonocyte as the driver of dysbiosis, such that targeting gut epithelial function could provide an
alternative to targeting the microbes themselves for the remediation of microbial dysbiosis. The
hypothesis discussed herein has evolved over several years and is supported by case studies showing
the application of sulforaphane in gastrointestinal disorders, related food intolerance, and several
systemic conditions. To the best of our knowledge, this is the first time the effects of sulforaphane have
been reported in a clinical environment, with several of its key properties within the gut ecosystem
appearing to be related to its nutrigenomic effects on gene expression.

Keywords: sulforaphane; gut–organ axis; gut ecology; microbiome; chronic disease; nutrigenomics;
nutritional medicine; food intolerance; epithelium; dysbiosis; gut barrier

1. Introduction
Author’s Preamble

As an experienced clinician in Nutritional Medicine [1], and more recently a researcher
on the nutrigenomic effects of phytochemicals, I have observed remarkable clinical re-
sponses to the crucifer-derived molecule sulforaphane (SFN). So significant are these
responses that I have catalogued my findings, and 4 years ago, I conveyed these and my
methods of implementation to other clinicians within my sphere of influence. This approach
soon revealed that SFN exhibits beneficial effects on the gut as a functional ecosystem made
up of the gut epithelium, its underlying immune network, and the microbial inhabitants
of the gut lumen. In outlining the role of SFN in this hypothesis, it is essential that we
provide the framework for the hypothesis by first discussing key elements of these three
components of the gut ecosystem.

Functional gastrointestinal disorders (FGIDS) are among the most common and unre-
sponsive conditions that present to clinicians, in both the medicine and dietetics–nutrition
disciplines. A 2021 large-scale multinational study found that more than 40% of persons
worldwide experience FGIDs [2].

Irritable Bowel Syndrome (IBS), as a sub-category of FGIDS, possesses a global preva-
lence of 15–20% [3], and can be grouped into three sub-categories: IBS-C (constipation),
IBD-D (diarrhoea), IBS-M (mixed). The recommended treatments are very broad, and
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cover psychotherapeutic, dietary and pharmaceutical methods; the use of probiotics and
other supplements is more recent. However, the benefits are inconsistent, and the use
of medication strongly debated [4]. Clearly, a better understanding of the mechanisms
that underpin IBS is necessary, and as a clinician who has worked with such challenging
patients, I am motivated by a strong desire to improve clinical outcomes.

The demand for solutions to digestive health issues is increasing, especially since both
the scientific literature and the popular press have started dedicating significant resources
to promoting awareness of what has come to be known as ‘gut health’. In a quest to find
solutions to their IBS and other digestive health issues, consumers have embraced a new
terminology that includes such terms as ‘leaky gut’, microbiome, SIBO (small intestine
bacterial overgrowth), PPIs (protein pump inhibitors), FMT (faecal microbial transplant),
FODMAPs (fermentable oligo-, di-, mono-saccharides and polyols), MCAS (mast cell
activation syndrome), exclusion diets to eliminate phytochemicals such as histamines,
salicylates, oxalates, lectins, etc. As with any innovation, there can be initial confusion,
especially when the science has yet to catch up with the interventions already being
implemented. In this context, gut health is no exception. It should be noted, too, that
some of the essential oils commonly utilised for their perceived ‘natural’ antimicrobial
properties against pathogens appear to exacerbate symptoms in some patients, such that
more research is required to ensure their safety [5].

Given the growing scientific awareness that the gut–organ axis can underpin many
different diseases, this hypothesis includes consideration that the effects of SFN in the gut
may also have significant and beneficial effects on distant cell types, organs and systems,
thereby serving to potentially prevent and treat both acute and chronic disease [6].

2. Background to the Hypothesis—The Case for Sulforaphane

This article catalogues the evolution of and rationale for a hypothesis that seeks
to explain how a single low-molecular-weight, highly bioavailable aliphatic molecule,
sulforaphane, can contribute more broadly to human physiology by initially targeting
the gut epithelium. In doing so, we explore its potential applications in a clinical setting,
in which clinicians practising nutritional medicine describe the outcomes of a range of
patient cases. Notably, the safety of broccoli sprouts has been established for almost two
decades [7].

Of significance is the fact that in many cases where the primary presenting symptoms
are related to aberrant intestinal function, complete or partial resolution also occurred in
seemingly unrelated conditions such as inflammatory skin diseases, multiple food intoler-
ances, histamine-like allergic reactions, and neuro-psychological disorders. It should be
noted that although SFN was the primary and initial intervention, clinicians recommended
that their patients consume a mixed diet of minimally processed foods rich in vegetables
and other sources of phytochemicals. It was also clear that the dietary recommendations
alone were not capable of making the changes that occurred when SFN was added.

The hypothesis was formulated on the basis of the author’s initial clinical observations,
revealing that in some individuals, ingestion of even small amounts of an SFN-yielding
dried broccoli sprout supplement resulted in marked gastrointestinal symptoms that in-
cluded bloating, cramping, flatulence and diarrhoea; these symptoms typically subsided
with cessation of the supplement, and could potentially clear entirely with titrated re-
introduction of progressively increasing amounts up to a typical daily dosage, as reflected
in previously published clinical trials [8]. This response may have been the result of the die-
off of non-commensal microbiota existing within a dysbiotic gut ecosystem; the hypothesis
includes this consideration.

The Hypothesis

The known fact that the highly bioavailable and potent Nrf2-activating molecule
SFN exhibits multiple effects within human cells, including the gut ecosystem and its
underlying immune network, leads us to hypothesise that its observed clinically trialled
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systemic effects may provide significant therapeutic potential across a range of gut–organ
axes [9].

3. The Emerging Role of the Gut Microbiome in Human Health

Following improvements in DNA-sequencing technologies, the Human Microbiome
Project (HMP) was a logical extension of the Human Genome Project (HGP), the latter
being completed in the early 2000s. Both projects have provided insights not previously
available, and with researchers eager to explore both domains, neither project provided
exactly what had been anticipated in relation to being able to better target the aetiology of
specific diseases [10].

Clinicians in nutritional medicine rapidly adopted both genetic testing and stool micro-
biome analysis as soon as they were commercially available and affordable for patients. The
recent availability of gene-based technologies for identifying the microbes within us has
seen an accelerated drive, aiming to enhance digestive health by clinically manipulating the
resident microbial species, especially those of the human intestine; clinical recommendation
of probiotics, prebiotics, L-glutamine and antimicrobials have led the charge [11], leading
this author to question whether this approach is yielding more questions than answers.
Given the emerging protective role of commensal microbes in defence against respiratory
pathogens [12] and the fact that the antibiotics used to attack pathogens are collaterally
destructive to commensal microbes [13], is restoration of gut homeostasis using either
pharmaceutical or phytochemical-derived antimicrobials [14] a practical therapy? One
must surely query whether it is even possible to successfully micromanage the intricate
and complex relationships of the host and its companion microbial population [15].

3.1. The Growing Issue of Food Intolerance

Patients whose digestive tracts adversely react to numerous foods may be encouraged
to eliminate entire food families from their diets, such as those that naturally contain
phytochemicals like histamines [16], lectins [17], salicylates [18], FODMAPs [19] and others.
They may initially feel better for excluding these foods, even though it is unlikely that
prolonged elimination explains why the food is reactive in that individual. The removal
of dietary lectins (otherwise known as ‘anti-nutrients’) has raised concerns about the
possibility that their widespread removal may become the ‘next food fashion’. Proponents
of lectin removal encourage their supporters to avoid all plant foods, even claiming that
vegetables and other plant foods are toxic for humans [17].

Widely distributed throughout the plant kingdom, lectins are most abundant in
legumes and grains. Even though their toxicity when uncooked is well known, soak-
ing, cooking and fermentation irreversibly denature lectins, although notably, microwaving
does not [20]. Seldom is there any consideration that the initial improvement achieved by
removing most plant foods may lead to marked nutrient deficiencies, a situation arguably
capable of impeding recovery and promoting other nutrient deficiency disorders over time.
In their whole and cooked forms, there is currently no strong evidence that dietary lectins
consistently cause inflammation, intestinal permeability, or nutrient absorption issues in
the general population [20]. A study that tested 500 individuals for anti-lectin antibodies
found some immunoreactivity in 7.8% to 18% against different lectins, illustrating that
some individuals may need to be cautious [21].

In a similar fashion, many of those with IBS or other uncategorised digestive dysfunc-
tions studiously avoid histamine-containing foods in the belief that their symptoms are
due to histamine intolerance. Histamine-containing foods can be readily identified online,
and represent a long list of foods, whereby the exclusion of such foods over a long period
may in turn be predictive of dietary deficiencies [22]. Oxalates are similarly avoided by
some in the hope that their removal will relieve their symptoms. Little reported is the fact
that oxalate is produced endogenously and hepatic oxalate biosynthesis can contribute
50–80% of the total body oxalate levels [23]. It is little wonder that misinformed individuals
attempting to eliminate entire groups of phytochemicals such as histamines, lectins and
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oxalates find themselves selecting from a very restricted list of foods, typically without
enhancement to their overall state of health and wellbeing.

This hypothesis considers that the intolerances to commonly consumed plant foods
experienced by some individuals may in fact represent a generalised state of impaired
homeostasis at the gut–immune interface, manifesting as microbial dysbiosis and the
gut epithelium being in an inflammatory state. Evidence also exists suggesting that IgE-
mediated food allergies can result from interactions between the intestinal epithelium
and the microbiota [24]. As described below, appropriately dosed SFN has been clinically
demonstrated to eliminate IBS symptoms, a finding that may possibly indicate that intesti-
nal homeostasis has been restored, thereby mitigating the symptoms of both food allergy
and food intolerance.

3.2. Lessons from Nature’s Inbuilt Cellular Mechanisms

In our seemingly insatiable quest to manipulate the composition of the gut microbiome
for the enhancement of human health, it is worth contemplating that nature has sustained
human life on this planet for millennia—and all without any of the benefits offered by
modern technology. Clearly, there are processes embedded within human cells that have
allowed them to adapt to their ever-changing environments [25]. With a better understand-
ing of these endogenous mechanisms, it may be possible to formulate clinical strategies
that resemble those used by nature herself. It could be that an important piece of the
gut-health puzzle has been overlooked, and that a greater focus on restoring the function of
the remarkable intestinal epithelial cell is needed in order to redress the ecological balance.

Examination of the endogenous mechanisms of the intestinal epithelium reveals that
these cells possess several unique properties [26]. A key element of this hypothesis is to
consider whether these properties can be clinically harnessed, thereby providing clinicians
with access to a therapeutic strategy capable of restoring homeostasis to the gut ecosystem.
Such an approach may therefore provide a clinical strategy that obviates the need to utilise
non-selective antimicrobials, be they pharmaceutical or nutraceutical. SFN is a key factor
in the initial steps of this therapeutic intervention.

4. The Evolution of the Hypothesis

Following research that led to the publication of three review papers on SFN [8,27,28],
the author was led to explore its potential in a clinical environment. Over several years,
our group observed many favourable clinical outcomes when SFN was employed in the
context of an appropriate diet. These cases cover a broad range of conditions across all
physiological systems. Section 9 describes several conditions, among which are three
dermatological cases, for which photographic evidence of change is provided. These
patients had presented with comorbidities, some of which resolved under treatment with
SFN in conjunction with dietary and lifestyle advice.

4.1. The Evolution of Strategies for Addressing the Unanswered Questions

In considering the available therapies and the possibility that a somewhat different
approach may more comprehensively optimise the function of the gut ecosystem, several
questions bear consideration. The eight questions that do not yet have satisfactory answers
are listed below as a series of dilemmas to be pondered.

Dilemma # 1. If diet alone can dramatically shift the composition of the microbiome
within 24 h, what do we expect of a probiotic supplement [29]?

Dilemma # 2. Even though probiotics as food or supplements demonstrate favourable
clinical outcomes, they typically do not colonise the gut [30]. Therefore, how do we expect
them to restore the diversity and lost species to the gut microbiome after oral antibiotic
use [31]? If no trace of an administered probiotic organism can be found a few weeks later,
is there any sustained benefit [32]?

Dilemma # 3. The presence of obesity and other diseases is indirectly proportional
to the diversity of the microbial organisms inhabiting the human gut. Therefore, what
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can we expect of a few selected probiotic strains in helping to solve the issue of limited
diversity [33]?

Dilemma # 4. There is no accepted antimicrobial approach that selectively destroys
a pathogen without, to some degree, impacting the commensals. If we select a tool to
‘kill’ gut pathogens, pathobionts or rogue commensals, how do we avoid damaging the
protective commensals with which we live symbiotically [14]?

Dilemma # 5. The value of using a probiotic supplement after antibiotic therapy to
recolonise the gut is uncertain. A 2018 multi-centre study showed that probiotic supplemen-
tation after treatment with antibiotics delayed gut microbiome reconstitution by around
five months [34].

Dilemma # 6. If the gut can harbour around 1000 different species, why do we expect
a probiotic supplement harbouring just a few species to favourably modify a human
microbiome [30]?

Dilemma # 7. If Lactobacilli make up <0.1% of the total microbes in the human
microbiome, why do we so readily choose them as probiotic supplements [35]?

Dilemma # 8. If L-glutamine is a preferred energy source for the small intestine and
not the colon, why is it used almost universally in gut repair programmes regardless of the
affected region [36]?

This author’s inability to satisfactorily reconcile these issues in the context of a thera-
peutic strategy addressing gut health is part of the impetus that led to the development of
an alternative approach targeting the intestinal cells as the primary focus; in other words,
these dilemmas serves as the origin of the hypothesis.

4.2. Shifting the Emphasis from the Microbe towards the Host

The development of a healthy gut mucosa is a bi-directional event between the host
and the gut microbiota, creating an environment that allows the specific members to
establish persistent colonisation via the utilisation of host-derived dietary glycans [37].

A 2018 scientific review entitled Colonocyte metabolism shapes the gut microbiota [38]
supported the claim that it is primarily the host colonocyte that drives the microbiome,
rather than the reverse. Its authors, Litvak et al., stated that “Because the human immune
system already has mechanisms to balance the colonic microbiota, harnessing this host
control mechanism for therapeutic means could provide an alternative to targeting the
microbes themselves for remediation of dysbiosis”. Although Litvak et al. were focused on
the colonocyte, the epithelial cells that exist as a single layer from the mouth to the anus
are equipped with a wide range of region-specific processes for restoring and maintaining
homeostasis [39].

The endogenous intestinal epithelial cell (IEC) mechanisms include but are not limited
to the synthesis of protective mucus by specialised goblet cells, the synthesis and release of
sIgA by plasma cells, the production of selective antimicrobial peptides by Paneth cells, and
the synthesis and release of several hormones by the Enteroendocrine Cells. In addition,
IECs contain sophisticated monitoring systems that include Toll-like receptors and dendritic
cells to detect possible threats to which healthy IECs can respond [40].

Where the popular current focus on addressing dysbiosis is on manipulating the
microbiota through the application of antimicrobials and pro- and prebiotics, it may be
time to shift the emphasis closer to optimising colonocyte metabolism as the primary driver
of dysbiosis in the colon. Since these mechanisms within the human gut ecosystem already
exist, the author of this hypothesis suggests that it may be advantageous to intervene at
this level, as distinct from using antimicrobials and exogenous probiotic strains to influence
host cell function.

It is here that SFN, as a naturally occurring food molecule, becomes relevant as an
intervention. SFN is both potent in its ability to upregulate the expression of a battery
of cytoprotective genes and is also highly bioavailable compared to the more abundant
food-derived polyphenols [26,27]. As detailed later, SFN exhibits several functions capable
of influencing the gut ecosystem in the direction of homeostasis.
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By highlighting the role of IECs as the ‘Mission Control’ of the gut ecosystem, this
article proposes an alternate therapeutic strategy directed at optimising the processes
nature has used for the millennia for which human life has existed. The proposed approach,
underpinned by the hypothesis presented in this article, targets the host IECs as its initial
and primary focus in the restoration of luminal microbial composition, rather than expecting
a secondary host response via an introduced probiotic strain.

5. Focusing on Sulforaphane’s Clinically Relevant Properties

The body of literature on glucosinolates and their enzymatic degradation products,
the isothiocyanates, has been rapidly growing over the past three decades. Where the
initial publications focused on their roles in the plant kingdom, recent years have seen an
explosion of interest in their potential roles in human health. Of all dietary vegetables,
crucifers are considered to be the most capable of conferring significant benefits on human
health [41], with early studies linking this plant family to cancer prevention [42]. More
recently, their clinical applications have expanded, with positive clinical outcomes having
been reported in seemingly unrelated conditions [43,44].

5.1. Unravelling the Mechanisms of Action

The early 1990s saw the first of a series of research publications exploring germinated
broccoli seeds (Brassica oleracea italica) as a significant source of the isothiocyanate SFN [45],
which has been shown to be far more abundant in young sprouted seeds than in the mature
broccoli vegetable [46]. Although the mechanism was not initially known, bioactive SFN
was shown to be a potent inducer of the phase II detoxifying enzymes quinone reductase
(NAD(P)H: quinone oxidoreductase 1 (NQO1)) and glutathione-S-transferase (GST). Two
years later, the transcription factor Nrf2 (encoded by the NFE2L2 gene) was isolated [47],
and its activation by SFN was later shown to be essential in the induction of phase II
enzymes, together with around 250 other cytoprotective genes that are transcriptionally
regulated in this way [48].

5.2. Nutrigenomics in Action—Enter Nrf2

The finding that an entire bank of cytoprotective genes can be induced via a single
transcription factor Nrf2, that is in turn activated by bioactive food-derived molecules,
has significant implications for human health. Emerging evidence shows that Nrf2 lies
at the centre of a complex regulatory network and establishes it as a truly pleiotropic
transcription factor. Its activity is tightly regulated through a complex transcriptional and
post-translational network that enables it to orchestrate the cell’s response and adaptation
to various pathological stressors for the maintenance of homeostasis [49].

The ensuing thirty years has seen almost 3000 indexed scientific publications on SFN.
Over seventy of these report clinical trials, most of which demonstrate positive outcomes
across a diverse range of common health abnormalities which include asthma, emphysema,
nasal allergy, autism, Type 2 diabetes and Helicobacter pylori gastric infection. Of clinical
significance is that in each case, the quantity of SFN administered in the trials can be
achieved using practical daily doses of fresh broccoli sprouts or a dried broccoli sprout
supplement standardised for an approximately equivalent SFN yield [8,43].

5.3. Nrf2 and the Concept of Upstream Effects

A seminal 2018 drug discovery paper showed that Nrf2 activation induced positive
responses in metabolic, inflammatory and autoimmune disorders, as well as in diseases of
the lung, liver, kidney, gastrointestinal (GI) tract, cardiovascular system and neurological
conditions [50]. The authors described the role of Nrf2 in human chronic disease from
a systems medicine perspective, referring to a map of altered Nrf2 disease mechanisms
as the Nrf2-diseasome and a separate map of Nrf2 with other physically or functionally
associated proteins as the Nrf2-interactome.
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What soon becomes apparent with such diversity of response to Nrf2 activation is [51]
that common upstream cellular processes must be at play; furthermore, these effects are
achievable using a practical daily SFN dose of between 20 and 40 mg [8]. Although
laboratory researchers typically record such doses as micromoles, milligram weights are
shown here in keeping with the data provided by clinicians in their case reports.

As discussed later, the nature of the food-derived molecule SFN and its diverse
documented applications is the mechanistic foundation on which this hypothesis sits.
Although clinical trial data utilising SFN in human intestinal conditions are scant, we go
on to describe observational findings that can be linked to a series of relevant published
in vitro studies.

5.4. SFN as a Nature-Compatible Strategy for Harnessing the Power of Nutrigenomics

We posit that to enhance the function of IECs as a first step in restoring the gut
ecosystem, a novel nutrigenomic approach to targeting the core upstream factors governing
cellular defences could be employed. Phytonutrients, including SFN, that potently activate
these core processes have been identified and are sufficiently bioavailable to achieve this
end [52]. As the gut functions with the continuous challenge of responding to pathogens
while remaining relatively unresponsive to commensal microflora, food proteins and other
antigens, restoring homeostasis to IECs can be readily justified as a key initial step [53].

5.5. Sulforaphane—A Potent Multifunctional Phytonutrient

Nutrigenomically active SFN is a potent inducer of hundreds of genes associated with
cellular defence mechanisms. In this context, these core upstream genes include those
that code for antioxidant and phase II detoxification enzymes, the antioxidant glutathione,
and the heavy metal chelator metallothionein [54]. In addition to activation of Nrf2, SFN
effectively downregulates Nf-kB, a transcription factor that promotes inflammation; both
transcription factors exhibit cross-talk effects that collectively enhance cytoprotection and
inhibit uncontrolled inflammation. SFN favourably influences both [55].

5.6. Collaborative Contributions of SFN and the Microbiota to Gut Homeostasis

The cell walls of Gram-negative bacteria increase gut luminal levels of lipopolysaccha-
rides (LPS), which are detected by and bind to Toll-like receptor 4 (TLR4). This initiates
the activation of Nf-κB with the subsequent generation of inflammatory cytokines that are
systemically absorbed [56]. At least three apparently distinct mechanisms—endoplasmic
reticulum stress, Toll-like receptor (TLR) 4 activation, and changes in gut microbiota—have
been identified as triggers of obesity-associated metabolic inflammation [57]. SFN has
been identified as a molecule that can reduce inflammation via inhibition of LPS-TLR4
binding [58,59]. These processes may, in part, explain beneficial effects documented to be
exerted by SFN on metabolic imbalances, including Type 2 diabetes [51].

More specific gut and immune-related effects include the inhibition of bacterial urease
in the control of Helicobacter pylori infection [60], induction of endogenous antimicrobials
such as beta-defensin by the Paneth cells [61], inhibition of LPS-endotoxin binding to Toll-
like receptor 4 (TLR4) [62] and inhibition of Substance P to limit mast cell histamine [63,64].
In addition, SFN has been shown to potently downregulate, via Nf-kB, the inflammatory
cytokines IL-6 and C-reactive protein (CRP) in overweight, otherwise healthy adults, with
these effects being sustained over an extended period [65]. Figure 1 illustrates these
properties.
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Figure 1. A clinical trial using 30 g of fresh SFN-yielding broccoli sprouts daily as the intervention
over 70 days showed that the markers of inflammation Interleukin-6 (IL-6) and C-reactive protein
(CRP) were downregulated for the 70 days during which the sprouts were consumed. After cessation
of treatment with the sprouts, IL-6 trended lower until measured again at 90 days. By contrast, when
sprout intake ceased at 70 days, CRP again increased, so that when measured at 90 days, it had
increased, although at that stage, it had not yet reached the baseline level. (Graph created from data
from Lopez-Chillon et al. [65]).

A further benefit of this molecule is that, unlike polyphenols which exhibit very low
bioavailability of around 1–10% [27], in a rodent model, SFN was shown to exhibit an
absolute bioavailability of around 80% [66].

5.7. The Role of Sulforaphane in Cellular Defence Mechanisms

In the last 25 years, the mechanisms used by cells to defend themselves against a
variety of threats to their integrity have become much better understood. As the science
has evolved, it has become clear that the free radical–antioxidant theory of the past was
just too simplistic, and that high doses of direct-acting antioxidant vitamins, in particular,
can inhibit the cell’s protective responses by masking nutrigenomic signals [67]. This
is believed to be because the signals that cells use to upregulate their own defences are
stressors, to which the cell responds by upregulating its endogenous defences. If an
exogenous antioxidant source greater than can be practically ingested via the diet that
artificially skews the cellular redox balance, the effect of a pro-oxidant stressor may be
masked; as a result, the cell will not ‘realise’ that it should respond by upregulating the
appropriately cytoprotective genes.

Of note is the fact that this principle has not yet gained wide acceptance by clinicians,
who typically recommend supraphysiological doses of direct-acting vitamins such as
vitamins A, C, E and Beta-carotene, together with N-acetyl-cysteine (NAC), the latter
having become very popular as a glutathione precursor. NAC is not without adverse effects,
some of which impact normal intestinal function. However, it is little known that histamine
secretion can be induced by NAC, which is thought to be due to a direct secretagogue effect
of the drug on mast cells and basophils; asthma is known to be exacerbated by NAC in
some asthmatics [68].
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With the potential to compound the effects of elevated histamine in susceptible indi-
viduals, NAC has also been shown to inhibit the activity of diamine oxidase (DAO), the
primary enzyme in the catabolism of biogenic amines (including histamine) in the intestine;
even 30% inhibition is considered to be a critical level [69].

5.8. Harnessing-Compatible Cellular Defence Mechanisms

The aforementioned properties highlight two potential issues when using NAC as a
therapeutic intervention in patients with intestinal conditions: (1) NAC may exacerbate
histamine-related symptoms; and (2) NAC and other supplemented direct-acting antioxi-
dants may inhibit the induction of endogenous cytoprotective genes via Nrf2, described as
“a master redox switch in turning on the cellular signalling involved in the induction of
cytoprotective genes” [52].

By deduction, it would seem that nature can potently activate Nrf2 when an individual
consumes large quantities of plant foods, especially non-starchy varieties. A 2010 clinical
trial by Hermsdorff at al. showed that biomarkers of inflammation, CRP, TNF-alpha, IL-6
and others, together with homocysteine, were significantly lowered by a diet containing
>660 g of (non-organic) vegetables daily [70]. It is likely that the same or greater quantities
of vegetables simultaneously upregulated Nrf2 and/or downregulated Nf-kB, two key
transcription factors shown to act in concert [55,71].

It is especially important that this hypothesis, which considers the diverse upstream
properties of SFN in the function of human cells in general, must encompass the function of
the gut barrier as an integral part of the gut ecosystem. The influence of SFN in key aspects
of the gut barrier will become apparent as the discussion unfolds.

For the clinician, it is useful to realise that the most potent known single-food-derived
activator of Nrf2, SFN, is capable of upregulating the protective genes in human cells,
including enterocytes and colonocytes [72]. Piotrowska et al. described mechanistic links to
Nrf2 throughout the entire digestive tract, including its role in maintaining the gut barrier.
They also stated that currently used drugs that modulate Nrf2/Keap1 may be effective
in the treatment of IBD. In an era in which it may not be possible to persuade patients to
consume >660 g of vegetables daily, a high-SFN-yielding whole broccoli sprout supplement
may be an appropriate prescription [27].

6. The Gut Barrier

The gut barrier is defined by a single layer of IECs, which act as the boundary separat-
ing the body from its external environment, the latter represented by the gut lumen [73].
It performs a pivotal role as the first physical barrier against external factors, and main-
tains a symbiotic relationship with commensal bacteria. This barrier allows the passage
of water, food-derived nutrients, and a selection of microbe-derived molecules through to
the underlying cellular network, with the simultaneous goal of excluding potentially toxic
microbes and molecules. The latter can be transported from the luminal to the apical side
of the epithelium by both trans- and paracellular routes, based on selectivity with respect
to both size and charge [74].

6.1. Tight Junctions as Critical Components of the Gut Barrier

Paracellular junctions connect IECs to each other, with tight junctions (TJ) separating
each cell from its neighbours. TJs are an essential component of a normally functioning in-
testine [74], and form a complex mechanism that is somewhat analogous to a spring-loaded
hinged gate with several types of latches that allow it to ‘open’ and ‘close’. Specialised
environment-responsive cellular proteins—occludins, claudins and junctional adhesion
molecule (JAM)—act as the latches, with zonulin acting as the spring. These epithelial
proteins are attached to intracellular actin and myosin filaments, allowing the TJ to exist in
a dynamic state in which the relaxation or contraction of the TJ allows the entry or exclusion
of microbes or large molecules, as appropriate [75]. When this mechanism is perturbed, the
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gut barrier is compromised, and intestinal permeability is increased, allowing the entry of
unwanted molecules and/or microbes.

The term ‘leaky gut’ has crept into the popular vernacular but misrepresents the
dynamic nature of the gut barrier; consequently, interventions to address the issue clinically
are often complicated by the fact that laypeople believe that the gut barrier is akin to a pipe
in which there are holes that must be ‘sealed’. More correctly, the components of the TJ
respond continuously to their immediate environment, ‘opening’ and ‘closing’ upon the
appropriate biochemical cues.

6.2. Exogenous Factors Impacting the Tight Junctions

Both dietary factors and endogenous metabolic factors [76] provide signals that are
known to influence the components of the TJs. Gluten research has confirmed its role in
destabilising zonulin, and thereby in relaxing the TJs; however, gluten is just one factor
of many [77]. Gluten is widely considered within the lay community to be the primary
dietary factor responsible for destabilising the gut barrier. This notion, together with
that promoted in a widely publicized book [78] claiming an association between wheat
intake and adiposity, has led to the growing trend of gluten avoidance behaviour in many
countries, even when neither coeliac disease nor gluten intolerance is present [79,80].
Figure 2 illustrates both exogenous and endogenous factors contributing to the dynamics
of the gut barrier. The feed-forward loop between gut barrier dysfunction and glucose
dysregulation is a theme advanced by other researchers investigating the role of the gut
barrier in a range of systemic disorders [81].
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metabolites. It is more significantly impacted by endogenous factors associated with inflammation,
oxidative stress, and poor metabolic control. Hyperglycaemia is directly correlated with poor gut
barrier function [82].
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Although gluten’s effect on destabilising the TJs is acknowledged, it is less well known
that there are many food molecules that impact the TJs. Among the other food molecules
that tend to relax or open the TJs are alcohol, piperine, capsaicin, and hops, together with
capric and lauric fatty acids from coconut oil. By contrast, some of the foods that tend to
tighten the junctions include phytochemical flavonoids, long-chain omega-3 oils, fucoidan,
glutamine, and SFN, as well as the nutrients vitamin A, vitamin D, and zinc [83].

In addition, certain probiotic strains, as well as microbial degradative products of
prebiotic metabolism, such as butyrate, can beneficially influence the TJs that separate
the IECs [77,84]. It is noteworthy that many of the additives and processing aids being
used for the commercial production of gluten-free foods with the appearance, taste and
mouth-feel of the gluten-containing original have been shown to adversely affect gut-barrier
integrity [85]. Food industry processing aids such as the enzyme transglutaminase, together
with several commonly used emulsifiers, have been identified to exhibit destabilising effects
on the gut barrier, which in some cases are thought to contribute to a rise in autoimmune
conditions [86].

According to a recent paper, there are no FDA-approved therapies that can be used
in clinical practice that are capable of recovering the epithelial tight junction barrier [87],
a fact that would support the value of this hypothesis if its fundamental premise as a
nature-compatible strategy can be validated.

Of significance in the context of our hypothesis is the fact that zonulin, occludin and
the claudins are influenced by Nrf2 activation [72]. This hypothesis proposes that the
ability of SFN to induce the genes coding for these proteins via Nrf2 activation could
help to restore their normal function, presumably supporting SFN’s effect on uncontrolled
inflammation, known to disrupt the gut barrier [88].

6.3. Endogenous Factors Impacting the Gut Barrier and Beyond

It now appears that the removal of gluten and the administration of probiotics have a
lesser impact than endogenous factors such as the elevated glycated haemoglobin (HbA1c)
typical of diabetic individuals. Perhaps surprisingly, it has recently been discovered that
one of the most significant factors driving gut barrier dysfunction is hyperglycaemia. In
a 2018 study entitled Hyperglycaemia Drives Intestinal Barrier Dysfunction and Risk for
Enteric Infection, the authors described glucose as “an orchestrator of intestinal barrier
function” [81].

The researchers, Thaiss et al., showed that hyperglycaemia reprograms IECs and
that the genes most affected are associated with tight junction modulation. They also
show that TLR4 ligands such as endotoxin-LPS are directly correlated with HbA1c [81].
The significant contribution made by the gut bacteria to non-alcoholic fatty liver disease
(NAFLD) is multifactorial, with small-intestinal bacterial overgrowth (SIBO) having been
linked to the development of fatty liver disease. Figure 3 illustrates the bi-directional loop,
integral to the gut–liver axis, linking an impaired gut barrier to glucose dysregulation and
which may hold the key to the clinical management of both disorders.
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as the primary driver of chronic disease. Gut barrier dysfunction and glucose dysregulation drive
metabolic disease in a self-perpetuating loop. When the gut barrier is impaired, LPS has two primary
effects: (1) entry via the paracellular spaces to the bloodstream and (2) initiation of the synthesis of
inflammatory cytokines. LPS travels via the bloodstream to the liver, where it attaches to TLR4 to
initiate inflammation with subsequent hepatic damage. Such damage leads to insulin resistance and
elevated HbA1c. In turn, HbA1c further impacts the gut barrier, further contributing to an influx of
LPS and antigens. (Image adapted by the author from Kirpich IA et al. [56]).

7. Restoring Homeostasis to the Gut Ecosystem

Tolerogenic IECs naturally recognize and interact with commensal bacteria and give
instructions to the underlying mucosal immune cells to “initiate an immunological balance
between active and quiescent conditions, eventually establishing intestinal homeosta-
sis” [40]. It is here that the sciences of cell biology, microbiology and immunology intersect,
highlighting the complexity necessary for the gut ecosystem to remain in homeostasis.

Although once regarded as unwelcome ‘germs’, our commensal microbial ‘compan-
ions’ are now considered essential for human health. As the science continues to unfold, it
is becoming clear that intricate signalling and cross-talk takes place between these microbes
and their human hosts, which is joining the dots in our understanding of why the presence
of a diverse microbiota benefits not just digestive health but assists in driving the processes
of health or disease in distant organs [89].

Although it is tempting to consider that probiotics might achieve the desired response,
clearly, this would address only one-half of the bi-directional relationship between the
host and its resident microbiota, notwithstanding the fact the eight largely unanswered
questions raised earlier in Section 4.1 remain.

7.1. Probiotics—Longstanding Therapy or Recent Innovation?

In the history of human life on this planet, probiotic supplementation might be con-
sidered a relatively recent therapeutic intervention. However, prior to refrigeration as a
means of food preservation, it is certain that substantial amounts of a diverse array of
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food-derived bacteria, yeasts and other micro-organisms were ingested daily by our human
ancestors. Modern science continues to demonstrate the value of cultured foods in human
health in relation to their known impact on the gut–immune interface [90,91].

In this way, humans have been exposed to a large variety of microbes, which have most
certainly been ingested daily from the broader environment, as well as from soil and food,
whether intentionally fermented or not. Due to the combination of refrigerated storage
and an obsessive need to eliminate exposure to microbes in the name of hygiene and food
preservation, the human microbiome in industrialised populations is demonstrably very
different from that in those still adhering more closely to their traditional lifestyles. This
modern approach to hygiene has been mechanistically linked to the rise in the manifestation
of food intolerances and allergic diseases, especially in children [92].

7.2. Symbiosis between the Host and Luminal Microbes

The host’s diet supplies food, which contributes to the nutrition of the microbiota,
while the microbes in turn release vitamins and metabolites, including some that attach to
epithelial receptors, from where they act as signalling molecules, essential in a range of host
functions [93,94]. The host and its microbiome exist in a synergistic relationship that is an
essential component of gut homeostasis [95]. Several families of Toll-like receptors located
on the surface of the gut epithelia form part of an elaborate signalling system that is too
complex to detail here, although it has been extensively covered in other publications, two of
which are cited [96,97]. Nevertheless, the dietary guidance used to support the role of SFN
in cases based on this hypothesis utilise these principles in the form of recommendations
to regularly consume cultured foods as rich sources of Lactobacilli spp. [98]. In clinical
management, these and other gram-positive microbes, such as those naturally found in
sauerkraut, kimchi, yoghurt, kefir and other fermented foods, are introduced only after
noticeable reactivity to particular foods has diminished, especially since fermented foods
may also release histamines. This author’s clinical observations suggest that many of those
who report significant intolerance to a range of foods find that their intolerance extends
to fermented foods, with many claiming to be reactive as well to probiotic supplements,
a dilemma confronted by those clinicians who rely on the recommendation of probiotic
supplements as an integral part of their ‘gut therapy’.

8. Determining an Effective Gut Repair Strategy

A recent 2019 Australian survey indicated that most complementary medicine clini-
cians addressing gut repair use a range of interventions that typically include multi-strain
probiotics (including Saccharomyces boulardii), L-glutamine, zinc, vitamin D and curcumin,
together with the elimination of gluten and alcohol [11]. Others have also reported that
strain-specific probiotics are frequently a mainstay of treatment for patients with digestive
issues [99].

A recent review investigated the effects of probiotic supplementation in healthy adults,
showing that, although such supplementation can lead to transient improvement in the
concentration of the specifically supplemented bacteria in the gut microbiota, providing
benefits in several conditions while present, it fails to support the ability of probiotics to
cause persistent changes in gut microbiota [100].

Individual probiotic strains available as supplements have been well researched for a
range of effects that are beneficial to the host while ‘in residence’, including modulation of
immune function, production of organic acids and antimicrobial compounds, interaction
with resident microbiota, improvement of gut barrier integrity, and synthesis of vitamins.
However, they are not without their risks, especially in patients who are immunologically
compromised [101]. Furthermore, whereas it was once thought that the purpose of probi-
otics was to ‘crowd out’ less desirable microbes through competitive exclusion, it is now
known that signalling from the microbe to the IEC results in a far more nuanced effect.
Moreover, this occurs whether the probiotic organism is alive or dead [102–104], a finding
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that tends to support the notion that probiotic organisms may deliver their benefits via
signalling molecules on their membrane surface.

Gram-positive commensal microbes such as Lactobacilli spp. can be identified because
they carry a specific molecule on their outer cell walls. Lipoteichoic acid (LTA) acts as
a ligand for Toll-like receptor 2 (TLR2), and when LTA binds to TLR2, this initiates an
extremely complex set of immune-signalling responses. These responses include the
synthesis of interferons, natural killer cells, and cytotoxic lymphocytes to control infection
via Th1 polarisation, simultaneously downregulating Th2, thereby inhibiting an allergic
response [105]. As discussed by Johnson et al., this mechanism plays a critical role in gut
barrier function. It is possible that the novel approach suggested by this hypothesis, which
is designed to mimic the mechanisms of nature in targeting the IEC, may be the missing
piece of the gut-health puzzle.

8.1. The Potential Impact of Sulforaphane on Restoring Gut Homeostasis

As the most potent naturally occurring Nrf2 activator, SFN also demonstrates an
absolute bioavailability of around 80% [66]. As described in Section 5.7, it has been
described as “a master redox switch in turning on the cellular signalling involved in
the induction of cytoprotective genes”. These properties have relevance to its role in the
gut epithelium.

8.2. Relevant Mechanisms

In formulating this hypothesis, several mechanisms demanded our consideration.
Even though there are limited clinical trial data supporting our hypothesis, we observed
significant beneficial effects of oral SFN in helping to normalise gut function; these mecha-
nisms were discussed in previous sections. Moreover, we observed significant benefits in
terms of systemic effects, several of which are described and illustrated later.

The putative mechanisms, as illustrated in Figure 4, are as follows:

• SFN INHIBITS GRAM-NEGATIVE BACTERIAL LPS BINDING: SFN inhibits the ac-
tion of LPS in binding to the epithelial receptor, TLR4, thereby reducing the signalling
cascade that leads to the induction of pro-inflammatory mediators via Nf-kB. This is
one of several ways in which SFN can downregulate uncontrolled inflammation.

• ENHANCED CYTOPROTECTION: SFN activates epithelial cell Nrf2, thereby induc-
ing around 200 cytoprotective genes; the effects of these include stabilising the gut
barrier. Activating the Nrf2 pathway reduces oxidative stress and uncontrolled in-
flammation while simultaneously downregulating the pro-inflammatory transcription
factor NF-kB. In so doing, SFN helps to restore gut immune homeostasis.

• NORMALISED GASTRIC MOTILITY (suppression of gastroparesis): Loss of antioxi-
dant gene expression has been shown to contribute to the development of gastroparesis,
leading to Nrf2 being considered to be a potential therapeutic target [106].

• STABLISATION OF GUT BARRIER: SFN may beneficially impact one or more of the
endogenous factors that contribute to dysfunctional gut barriers. Of significance are
the imbalances in inflammation-redox status and elevated HbA1c.

• SYSTEMIC EFFECTS: Where bacterial die-off may occur in dysbiotic individuals
with impaired barrier function, potentially toxic molecules may travel via the portal
circulation to the liver, where they must be detoxified. If this process is too rapid,
unpleasant systemic symptoms may result. (Reducing the dose and frequency of SFN
was observed by the author to ameliorate this effect.)

• ANTIMICROBIAL EFFECT: Of the Nrf2 target genes, the expression of antimicrobial
beta-defensin is relevant. Endogenously synthesised antimicrobials that include beta-
defensin can selectively target pathobionts or other undesirable microbes without
adversely affecting the commensals [107].

• QUORUM SENSING: Biofilm degradation: In vitro studies have shown that SFN can
degrade periodontal biofilms that can prevent the resolution of infections, thereby
exposing the microbes to attack from elements of both the innate and adaptive im-
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mune system. Mucosal biofilm communities are also known to inhabit the human
intestinal tract [108], with the potential for SFN to disrupt these biofilms. In so doing, a
significant population of microbes is released into the intestinal mucosa, upregulating
and potentially overloading detoxification pathways [60,109,110]. We hypothesise that
this may partially explain why guided introduction of SFN is important in individuals
suspected of harbouring a dysbiotic population of gut microbes.

• UREASE INHIBITION: SFN is a urease inhibitor and has been shown to block the
ability of H. pylori to produce urease, the enzyme responsible for the development
of gastric inflammation and potential gastric tumour development. Many other
pathogens/pathobionts are urease positive, including Klebsiella, Staphlococcus aureas,
E. coli, Morganella, Pseudomonas, and many others. Mycobacteria (mould) are also urease
positive. It is not known whether urease-positive organisms other than H. pylori are
responsive to SFN [60,110,111].
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Figure 4. SFN’s key effects on the gut ecosystem: SFN exhibits multiple effects on the gut ecosystem,
many of which are associated with its ability to activate Nrf2, which in turn induces the expression of
a range of cytoprotective genes.

9. Case Studies

Over the 4 years since we began exploring the potential of SFN as a tool for addressing
gut health and systemic disease via the gut ecosystem, we have catalogued a range of
conditions for which this approach has delivered beneficial outcomes. The author’s 2019 re-
view paper questioned whether SFN had ‘come of age’ as a clinically relevant nutraceutical.
Our subsequent implementation of the principles described in that paper, together with
our findings of the potential role in addressing both gastrointestinal and systemic disease,
provided numerous cases for which conventional treatments had not achieved successful
outcomes.

9.1. Gastrointestinal Dysfunction with Food Intolerances

CASE # 1—IBS-C: A 38-year-old female presented with a history of severe painful
constipation (IBS-C) since childhood. Her comorbidities included chronic migraine that
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coincided with the start of oral contraceptive use, periodic oesophageal cysts, menorrhagia,
fibromyalgia and chronic fatigue. She requested treatment primarily for constipation and
intolerance to a range of specific foods. She had aimed to eat a wholefood, pescatarian diet
but this was found at consultation to be high in carbohydrates, with her tending to over-eat.
She had to learn to avoid numerous foods that tended to exacerbate her symptoms. Some
cases of IBS-C are due to a proliferation of a specific pathobiont, Methanobrevibacter smithii,
a gut microbe that produces excessive methane capable of suppressing the neural activity
required for gut peristalsis [112]. However, no data exist to confirm or deny this possibility.

She was started on an SFN-yielding whole broccoli sprout supplement, titrating the
dose to minimise possible exacerbation of discomfort; she was able to tolerate 20 mg daily
after several weeks; the dose was increased to 40 mg daily by 6 weeks. At the same time,
both her macro- and micro-nutrient balances were improved with dietary guidance that
gradually increased non-reactive vegetables. As her inintolerance to previously reactive
foods decreased, prebiotic-rich foods were introduced, beginning with supplemental par-
tially hydrolysed guar gum (PHGG), which is known to be generally well-tolerated in
children and adults suffering constipation [113]. Heat-killed probiotics, sometimes de-
scribed as immunobiotics, formed part of her clinical recommendations as a way to introduce
bacterial wall LTA as a TLR2 ligand, as described in Section 8. By 8 weeks, and after gradual
dose reduction, the laxatives Caloxyl and Pariet were no longer required. The progress
of her IBS-C and comorbidities is shown visually in Figure 5. Here, the clinician used a
10-point Likert Scale as a guide to the patient’s subjective comments on progress across six
parameters associated with her primary health concerns. The scale evaluated responses
from 1 to 10, where 10 represented the highest level of wellbeing.
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Figure 5. A case study in IBS-C and food intolerances. Tracking the progress of a 38-year-old female
whose health priorities resolved to varying degrees, charted subjectively at regular intervals over
12 weeks, using a 10-point Likert scale. The patient was able to completely eliminate all laxatives, on
which she had been dependent since childhood. She regained tolerance to foods to which she had
been previously reactive.

9.2. Dermatological Conditions with and without Comorbidities

CASE # 2—PLAQUE PSORIASIS: The first case that alerted the author to the potential
of SFN to benefit chronic intractable disease was recorded in 2011. This case was, in some
ways, the catalyst for the development of this hypothesis, with the patient responding
quickly to SFN as the single new intervention for a case of plaque psoriasis.
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The patient presented as a 50-year-old otherwise healthy male consuming a generally
good diet and with no negative lifestyle habits; the patient had been regularly taking a
multivitamin mineral supplement and a fish oil capsule for some years. He had experienced
typical plaque psoriasis for a period of around 20 years, appearing after an episode of
severe emotional stress. His elbows and knees regularly bled, causing him considerable
workplace embarrassment. Other parts of the body, apart from his eyelids, were easier
to conceal.

Psoriasis is a genetic immune-related hyper-proliferative inflammatory skin condition
that affects about 3.1% of the U.S. population [114]; comorbidities are common [115]. It
appears in many different forms for which there is no known cure but is typically managed
by cycling topical steroids and prescribed oral medicines. The progress of psoriasis on the
patient’s elbows over 4 weeks is illustrated in Figure 6. Periodic contact with this man, who
is no longer a patient, reveals that his pattern is to take an SFN-yielding myrosinase-active
whole broccoli sprout supplement daily for around 3 months (dose ~20 mg SFN daily),
by which time the skin clears. However, the plaque gradually develops again over a
few months, leading him to resume the supplement when he again feels the need. He
started with a dose of 20 mg daily and has never experienced any adverse effects from the
SFN-yielding supplement.
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using an SFN-yielding whole broccoli sprout supplement as the single intervention. (Photographs—
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CASE # 3—ECZEMA: A 62-year-old female neonatal intensive care nurse developed
eczema after frequent handwashing at work in 1982. Initially localised to the hands, it
rapidly spread to her entire body; her condition significantly worsened after childbirth
9 years after initial onset. She controlled the symptoms with topical steroids. A decade
later, she experienced a severe outbreak that became infected, affecting 70% of her body, as
shown in Figure 7 as Baseline A (face) and Baseline B (legs). Her skin flared as she became
noticeably intolerant to foods that included red meat, all fish, nightshade vegetables, green
leafy vegetables, fermented foods, histamine-containing foods, and foods eaten the day
following preparation (histamine synthesis increases in stored cooked foods). Medical
investigation additionally revealed hypothyroidism, elevated liver enzymes, and elevated
LDL cholesterol.

In 2019, she consulted a clinician who recommended an SFN-yielding whole broccoli
sprout supplement supplying 20 mg SFN daily together with a diet that strictly removed all
foods she knew to be reactive. It was many months before she could add green vegetables
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to her primarily vegetarian diet. As her tolerance to foods gradually improved and the
skin inflammation subsided, the clinician introduced small quantities of the plant foods
that had been eliminated as a challenge to her tolerance. As she was able to tolerate SFN,
heat-killed probiotics were gradually introduced together with prebiotics as a means of
supporting the gut microbiota.

After 12 months of treatment, her skin had fully cleared (SFN + 12 months) and a
pathology review revealed normal thyroid and liver function as well as serum lipids. She
was able to eat most foods including all green vegetables and fermented foods such as
sauerkraut, kefir and kombucha as part of a balanced whole food diet (Figure 7).
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Figure 7. SEVERE CHRONIC ECZEMA. A 40-year history of severe eczema, initially on the hands
only but which later spread over most of the body and which worsened after childbirth. SFN, together
with an appropriate diet of whole, minimally-processed foods gradually resolved the skin condition,
together with comorbid hypothyroidism and hyperlipidaemia. The patient found that tolerance to a
wider range of foods accompanied her overall progress.

CASE # 4 ROSACEA (FACIAL AND OCULAR): An anxious 40-year-old female pre-
sented in March 2022 with a history of endometriosis, ovarian cysts and IBS-C. Following
laparoscopic surgery in 2018, she experienced a bronchial infection lasting 4 weeks, fol-
lowed by the onset of facial rosacea. The rosacea was characterised by facial inflammation,
redness and flushing, and visible blood vessels on either side of nose, with painful and
itchy raised lesions on the forehead, nose, cheeks, chin, ears, and mid chest; her skin was
visibly flaking.

The following year, in 2019, she developed amenorrhea. Her own attempts to resolve
the rosacea with dietary restrictions appeared to exacerbate the condition. A dermatologist
prescribed topical Soolantra (Ivermectin), which is specific for the inflammation charac-
teristic of rosacea. At the same time, she took various over-the-counter treatments for
‘gut health’ as her IBS-C continued to cause her distress and her diet was restricted by
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intolerance to various foods, primarily carbohydrates. After 6 months, she discontinued
the prescription ointment as her skin had not responded. In 2021, she experienced the onset
of ocular rosacea in the right eye. This resulted in corneal opacity, leading to blurred vision
and the onset of blood vessels in the sclera of that eye. The ophthalmologist prescribed oral
antibiotics and steroid eye drops to reduce the severe burning and stinging as the patient
described her symptoms. She persevered for 6 months to no avail.

She began treatment with SFN similar to that described in the earlier cases, and by
September 2022, 6 months later, she had little to no facial or ocular rosacea (Figure 8a,b).
She was able to increase the diversity of her diet, including the ability to tolerate oats,
cashews and multiple types of fruit. Her Bristol Stool Score reflected the improvement in
IBS-C constipation (Bristol 1–2 to 3–4). Figure 8a,b illustrate the progress of both the facial
and the ocular lesions.
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10. Conclusions

The detailed investigation of SFN has extended globally over a 30-year period, during
which in vitro, animal and human interventional trials have established its ability to influ-
ence a range of biochemical processes, many of which significantly influence the expression
of genes critical to upstream cellular processes. SFN is a phytochemical that is both potent
as an Nrf2 activator and is sufficiently bioavailable that some in vitro findings readily
translate to the clinical environment.

This author, as an experienced clinician in nutritional medicine with a research back-
ground in phytochemicals with significant clinical potential, has observed the effects of SFN
in humans ingesting it by way of a myrosinase-active broccoli sprout supplement. What
appeared initially to be an adverse reaction in some people ingesting SFN now appears to
have been in part due to the ability of this molecule to influence gut ecology, possibly by
initiating the release of endogenous antimicrobials from the specialised intestinal Paneth
cells. Whereas many clinicians use pharmaceutical and non-pharmaceutical antimicrobials
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to eradicate a pathogen or pathobiont from the gut lumen, this author considers it pos-
sible that SFN may be capable of selectively achieving this end without simultaneously
compromising the natural gut inhabitants, the commensal micro-organisms.

From this observation evolved the hypothesis put forward in this article, which
subsequently led to the exploration of SFN’s clinical application in humans. As a functional
food with a demonstrated safety profile, the composition of whole broccoli sprout materials
would not per se be expected to exhibit any effects that might compromise core biochemical
processes, even though it may produce unpleasant symptoms in some individuals. For
clinicians experienced in recommending SFN to patients, initial adverse gut effects may
be qualitatively considered to be semi-diagnostic of a microbial imbalance that can be
addressed with appropriate dose titration.

With its foundational goal of restoring homeostasis to the gut ecosystem, this hypothe-
sis has been incorporated into clinical interventions that utilise SFN as part of comprehen-
sive dietary recommendations. For the last four years, the author has been teaching other
clinicians in nutritional therapy how to implement this approach, which we describe as
Gut Ecology and Metabolic Modulation. Although its initial focus was on the conditions
affecting the digestive system, it soon became apparent that comorbid systemic issues were
also responsive.

As with any hypothesis, there is much yet to be learned and to be tested; many
unanswered questions remain, not the least of which are those described in Section 4.
In seeking an effective gateway for addressing digestive, immune, cardiometabolic and
other chronic disease, this hypothesis proposes an approach that harnesses the endogenous
processes of human cells. These processes focus on restoring homeostasis to the gut, its
underlying immune network, and the companion microbiota, with the collective potential
to beneficially impact all gut–organ axes.
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