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1. ABSTRACT

Neurodegenerative diseases are illnesses assowdtedigh morbidity and mortality,
and few or no effective options are available faomitt treatment. In the last few years, a
number of pharmacological approaches that can paligrprevent and counteract the
neuronal dysfunction and death associated withauagenerative diseases have been
investigated. Intervention strategies using phyocicals have been proposed as an
alternative form of treatment. Among phytochemigcaldforaphane (isothiocyanato-4-
(methylsulfinyl)-butane) (SF) is an isothiocyanateund in broccoli and other
cruciferous vegetables with a pleiotropic role matlng different pathways in
neuronal/glial cells, showing neuroprotective effem several studies vivo andin
vitro.

Thus, SF appears to be a promising compound withopeotective properties that may
play an important role in preventing neurodegemeratliseases, although further

studies will be required to discover SF maximal@ctive effects.

Based on these considerations, regular intakeunfferous vegetables in the diet could

exert beneficial effects on neurological diseases.



2. INTRODUCTION

Neurodegenerative diseases (NDD), either acutehoonic, such as Parkinson’s
disease (PD), Alzheimer’s disease (AD), traumatarbinjury, are illnesses associated
with high morbidity and mortality, and few or ndegdtive options are available for their
treatment (Ritchie K, 2002; Akhlag A, 2010). Thekgeases result in acute, as well as
gradual and progressive neurodegeneration, leadirgain dysfunction and neuronal
death.

Recently, there has been a growing interest insthdy of the molecular mechanisms
involved in their pathogenesis. As possible causkesieurodegeneration, oxidative
stress, inflammation, accumulation of proteins,itexaxicity and apoptosis have been
implicated (Mandel S, 2003; Dauer W, 2003).

The adult human central nervous system (CNS) ctenefsapproximately 100 billion
neurons and a similar amount of glia cells, namasfrocytes, oligodendrocytes, and
microglia (Azevedo FAC, 2009)The CNS parenchyma is separated from the resieof t
body by the blood-brain barrier (BBB), which is foed predominantly by tight
junctions of the endothelial cells of the CNS vdatue. The BBB restricts and
controls the entry of nutrients and cells, includperipheral immune cells, which are
almost completely absent in the healthy CNS. Ths lled to the concept that the CNS
iIs an immune privileged organ. However, this condss been modified in recent years
since the CNS itself is fully immune competent apdckly responds to injury or
infections (Amor S, 2003vYong VW, 2010). Of particular importance is the essive
generation of reactive oxygen species (ROS), faanmgde, due to mitochondrial
dysfunction, which causes neuronal damage andthieuslease of cytosolic factors that
activate microglia and astrocytes. These cellsamegpoy releasing proinflammatory
cytokines as well as ROS and reactive nitrogeniepd®NS) thus further promoting
the inflammatory response and exacerbating the onalirdamage. Accordingly,
persistent activation of glia cells can ultimatedgult in an amplification loop resulting
in chronic neurodegeneration. In spite of the diigr of the neurodegenerative
diseases, oxidative stress due to excessive pioduend release of ROS upon
mitochondrial injury and dysfunction has been psmmb as a general pathological
mechanism of all major chronic neurodegenerativeeates including AD, and PD
(Emerit J, 2004; Olanow C W, 1993; Urrutia PJ, 2014



In the last few years, a number of pharmacologaggroaches that can potentially
prevent and counteract the neuronal dysfunction awhth associated with
neurodegenerative diseases have been investigdtedever, considering that these
diseases are multifactorial and no drugs are alaildo stop their progression,
intervention strategies using phytochemicals, agaampounds of foods with several
physiological properties, have been proposed. &apigroach stems from the well-
known association between dietary patterns rictiuits and vegetables and lower ND
prevalence (Scarmeas N, 2009; Frisardi V, 204dIs-Pedret C, 2015). Moreover,
adapting the diet to increase intake of these mimgmicals is an option that can be
continued for a lifetime without the risk of sid#exts that are often caused by

pharmaceuticals.

Among phytochemicals, sulforaphane (isothiocyadatorethylsulfinyl)-butane) (SF)
is an isothiocyanate found in broccoli and otheuciterous vegetables after the
hydrolisis of glucoraphanin (the major glucosinelah broccoli by the myrosinase
enzyme Figure 1), with established anticarcinogenic actions. It wes fdentified as a
potent inducer of phase 2 detoxification enzymeh@y J, 1997). SF may interact with
many molecular targets, such as the nuclear fgetgthroid-derived 2)-like 2 (Nrf2).
Other studies have also found other anti-carcinegand anti-oxidant mechanisms
including induction of caspases, inhibiton of cyiomme P450 isoenzymes, and
reduction of the DNA binding of nuclear factoB (Fahey J, 1997; Chu W, 2009).
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Figure 1. Hydrolysis of glucoraphanin. Glucoraphanin is thejor glucosinolate in
broccoli and it is hydrolyzed by the myrosinaseyeme to form both d-glucose and
sulforaphane. Thiocyanates and nitriles can alsofdoeed under acid conditions
(Guerrero-Beltran CE, 2012).

Reports in the literature have shown a pleiotromie of this natural compound,
modulating different pathways in neuronal/glialleeEhowing neuroprotective effects
in several studies vivo andin vitro. Thus, it has been shown that SF can act as a
protector modulating oxidative stress and apoptotiachinery (Morroni F, 2013;
Soriano FX, 2008; Kraft AD, 2004; Greco T, 2010).

Recently, it has been shown that bioactive compsuridfoods can directly affect
enzymes that catalyze methylation and modificatbBNA histones (Choi SW, 2010).
In particular, SF has a chemo protector role dué@stdiistone deacetylase (HDAC)
inhibition (Dashwood R, 2010; Schwab M, 2008), theads to changes in the
expression of various genes, including tumor sigamegenes in various cancers (Ho E,
2009).

The link between epigenetics and neurodegenerdis@ders has been demonstrated
by observing that epigenomic changes lead to #ilbeisain gene readout in cells in the
CNS affecting neuronal function and physiology. Tiwée of SF and epigenetic
modulation is well known in cancer pathology (Ho Z009; Shu L, 2010), mainly
through its activity as a histone deacetilase ibbibHowever, there is still insufficient

evidence on the role of SF in neurodegenerativeadiss. Thus, investigating the impact



of SF onthe epigenetic regulation neurodegenerative diseas@ open up novel

approaches to combat these disturbances.

SF presents many advantages, such as good phaimetarsk and safety after oral
administration as well as the potential ability genetrate the BBB and deliver its
neuroprotective effects in the central nervouseys{Shapiro TA, 2006 Based on
these considerations, SF appears to be a promegingpound with neuroprotective
properties that may play an important role in prévg neurodegenerative diseases.

The idea that by simply consuming broccoli may hedpprotect the brain against
neurodegenerative disorders is a tantalizing pais@and one more reason to eat a
healthy, balanced diet, rich in vegetables.



3. OBJECTIVES

The objective of the present work is to review euntrscientific evidence of the
neuroprotective role of SF in the prevention angettgoment of neurodegenerative
disorders. The aim is to investigate if adapting Western diet by increasing dietary SF
consumption is a well-founded potential strategy fmevent and delay

neurodegeneration.



4. METHODS

In this work articles published in the last 20 ywetrat describe the present knowledge
about the health effects of sulforaphane in newgederative disorders, with possible
underlying mechanisms for these effects based enrdported in vitro and in vivo
studies, have been analysed.

The article have been obtained from different sgliez@d databases (MEDLINE, Web
of Science, Elsevier Journal, Science Direct), iactlided experiments in cell, animals
and clinical studies in humans.

Domains evaluated included sulforaphane, neuroazgéwe disorders, epigenetics.



5. RESULTS

5.1 Common pathobiochemical alterations in

neurodegenerative diseases

The two most common features of neurodegenerais@ases are sustained oxidative
stress and inflammatio®@f particular importance is the excessive genematibROS,

for example, due to mitochondrial dysfunction, wha@auses neuronal damage and thus
the release of cytosolic factors that activate Imeagiring microglia and astrocytes.
These cells respond by the release of proinflammatgtokines as well as ROS and
RNS thus further promoting the inflammatory resgoasd exacerbating the neuronal
damage. Accordingly, persistent activation of giells can ultimately result in an
amplification loop resulting in chronic neurodegext®n Roman Fischer, 2015).
(Figure 2).

CINS injury

Infection or neuronal damage

Astrocytes

Demyelination

Neurodegeneration

Figure 2. Schematic presentation of the CNS cell mediatethygénation and

neurodegeneration. CNS injury, leads to the agtimadf astrocytes and microglia, that
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induces the secretion of ROS, RNS, and proinflaramgatytokines and chemokines

leading finally to degeneration (Roman Fischer,5)01

In the last decade, a growing body of literaturggasts that long-term changes in gene
transcription associated with CNS’s regulation aedrological disorders are mediated
via modulation of chromatin structure. The role egigenetic mechanisms in the
function and homeostasis of the CNS and its regumah diseases is one of the most

interesting aspects of contemporary neuroscience.

5.1.1 Oxidative stress

Two main aspects contribute to the vulnerability tbe CNS to oxidative stress
mediated neurodegeneration: high aerobic metabdisthrestricted cell renewal. First,
the CNS is a metabolically highly active organ,uieqg approximately 20% of the
total energy consumption of the body. ThereforeGNS is rich in mitochondria, which
are particularly active, resulting in high amouotfR0S (Moraté L, 2014).

The brain is particularly vulnerable to oxidativeess because of its high oxygen
consumption, high content of oxidizable polyunsadlufiatty acids, and low antioxidant
defense capacities especially in aging brains @ihd/AM, 1998; Yun H-Y,1996).
Oxidative stress is involved in many neurodegenaratliseases and is a proposed
mechanism for age-related degenerative processewhsle (Federico A, 2012).

A growing body of evidence collected from biocheahiand pathological studies in
animal models of NDD as well as postmortem bragsué and genetic analysis in
humans suggest that free radical toxicity, oxidatigtress, and mitochondrial
dysfunction are key pathological mechanisms in NBBal MF, 2009).

Therapeutic approaches using phase 2 inducers angeting oxidative stress by
enhancing endogenous antioxidant defences are giraptreatment strategies in NDD.
For instance, feeding a fly model of PD with phatoiagical inducers of phase 2
detoxification pathway, including SF, suppressesrtaural loss and protects against PD
(Trinh K, 2008).
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5.1.2 Inflammation

In general, inflammation is a protective resporseadrious cell and tissue injuries to
destroy and remove the detrimental agents andedjtissues, thereby promoting tissue
repair. However, when inflammation is uncontrolléd¢can cause excessive cell and
tissue damage ultimately leading to destruction nofrmal tissue and chronic
inflammation (Hsieh HL, 2013). This is especiallyelavant in chronic
neurodegenerative diseases such as PD and AD, whigily last over decades and,
the continuous presence of damaged neurons resultse constant activation of
microglia and astrocytes. This generates a neuaommhatory environment which is
thought to promote neurodegeneration (Amor S, 28y F, 2006).

Human neurodegenerative diseases have been asdoaiath inflammation and
dysregulation of the Nrf2 system, in particular s8ming vulnerable brain regions to

additional stresses.

5.1.3 Epigenetic modifications

Over the last two decades, the field of epigengpesticularly the emerging field of
neuroepigenetics, has begun to have a great innpalifferent areas such as the study
of the CNS development, learning behavior, neurotdagy, cognition, addiction and
lately neurological and neurodegenerative patho(&yyeatt JD, 2013). Thanks to these
studies, nowadays we know that epigenomic charlges perpetual alterations in gene

readout in cells in the CNS affecting neuronal fioxcand physiology.

At present, studies of epigenetic changes in ADs&aging to emerge. Recently, it has
been observed that environmental factors evenigm@inenes in early life can induce
AD-like pathogenesis in association with aging (Wu 2008a). Furthermore, a
difference in DNA methylation patterns typical ofam region and aging has been
identified in this context (Balazs R, 2014). A \yi of studies suggest a genome-wide

decrease in DNA methylation present in aging and gedients (Mastroeni D, 2011;
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Bottiglieri T, 1990; Morrison LD, 1996) indicatinghat in AD patients a

hypomethylation is present across the genome.

Regarding PD, the second most common neurodegemedisorder after AD, most of
the studies evaluating the role of epigenetic ithpgenesis have focused on the
analysis of promoter methylation of causative PDegein post-mortem brains and
peripheral blood; however, the role of DNA methiat and its links to PD

pathogenesis is currently unclear (Coppede F, 2012)

In recent years, there has been considerable p®grehe development of epigenetic-
based drugs for the treatment of PD. Some inhiitmr HDACs and DNMTs are
currently approved and available for clinical inwgation (Xu Z, 2012). In this regard,
the targeted downregulation of SIRT2 has been shtwramelioratea-synuclein
toxicity and dopaminergic loss in flies and in paim mesencephalic culture (Outeiro
TF, 2007).

5.2 Mechanisms of action of SF in NDD

5.2.1 Oxidative stress and inflammation

The ability of SF to exert neuroprotective effedts different acute and chronic
neurodegenerative diseases could be ascribed tpetsliar ability to activate the
Nrf2/ARE pathway Figure 3). Nrf2 is a transcription factor essential to tegulation
of the cellular redox state that, in non-stimulatsdls, remains bound to kelch-like
ECH-associated protein 1 (Keapl), forming an inacttiomplex (Kensler TW,2013).
When entering the cell, SF may interact with Keapdl disrupt the binding between
Nrf2 and Keapl, which allows for Nrf2 activationdanuclear translocation (Vomhof-
Dekrey EE, 2012).

In the nucleus, Nrf2 binds to the antioxidant resmelement (ARE), a DNA promoter
region of genes codifying antioxidant enzymes, suah NADPH quinone
oxidoreductase (NQO1), heme-oxygenase-1 (HO-1l)oredoxin, and superoxide
dismutase (Evans PC, 2011; Turpaev KT, 2013). \Nitf2 activation, SF increases the
activity of phase 2 enzymes involved in the elinimra of xenobiotic compounds, such

as glutathione S-transferase (GST) and quinonectasel (Guerrero-Beltran CE, 2013).
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SF has neuroprotective effects in several expetiahgraradigmsThe role of Nrf2 in
this protective effect was confirmed by using Ndificient mice and in vitro studies.
For example, in BV2 microglial cells, the proteetieffect of SF against the oxidative
effect of lipopolysaccharide was associated with-H@duction (Innamorato NG,
2008). In another cell culture, the dopaminergit death, induced by a compound that
produces dopamine quinone: 6- hydroxydopamine etréhtydrobiopterin, was also
attenuated by SF preincubation (Han JM, 2007). &egperiments demonstrated that
SF pretreatment prevented membrane damage, DNAméamtion, and ROS

formation.

Some cross-over from SF's antioxidant actions nmélypance inflammation through
proteins that act in both pathway¢ew findings have also linked activation of the Nrf
system to anti-inflammatory effects via interaciamth NF-kB.

SF appears to act inhibiting NF-kB translocatiorermtaiting the production okB-a.
Heiss and coworkers observed that SF impairs DNlibhg of NF-kB which was not
accompanied by IkBdegradation and nuclear transtotaf NFkB (Heiss E, 2005).
(Figure 3).

SF may also directly prevent NF-kB from forming qaexes when in the nucleus. It is
supposed that SF interacts with thiol groups, fomiithio- carbamates, and binds
directly to redox-regulated cysteinresidues (Cys®@ Cys38) of the p50 and p65
subunits which prevent DNA binding (Anand P, 2008).

The NF-kB subunit p65 has also been shown to fands a negative regulator of Nrf2
activation either by depriving CREB binding proté@BP) from Nrf2 or by recruitment
of histone deacetylase 3 (HDAC3), causing locatolis hypoacetylation and down-
regulation of Nrf2-ARE signalling (Liu GH, 2008).

Accordingly, Surh and Na described a cross-talkvben NFkB and Nrf2 signalling

supported by the fact that most of the phytochelsidéke SF, exhibit both, anti-

inflammatory and anti-oxidant properties (Surh 2008).
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5.2.2 SF targets epigenetic pathways

Several studies suggest that SF can affect epigemetchanismsHigure 3). The
HDAC inhibitory effects of SF have been shown irri@as prostate epithelial cells
normal prostate epithelial cells (PrEC), benign drpiasia (BPH1), and cancerous
(LnCaP, PC-3) prostate epithelial cells (Clarke 2011; Myzak MC, 2006 as well as

in different breast cancer and colon cancer cBlisdgie-Tracy A, 2007).

The HDAC inhibitory effect of SF has also been aonéd in an in vivo model (Myzak
MC, 2006; Myzak MC, 2007).

As mentioned widely in scientific literature, thearaction between diet and epigenetics
is best documented in cancer pathology (Ho E, 2809;L, 2010). To date there are no
published studies on the epigenetic effects offSteurodegenerative disorders.

Aging and age-related diseases are associated pnitftound changes in epigenetic

patterns, though it is not yet known whether thebanges are programmatic or

stochastic in nature. Future work in this fieldlse® characterise the epigenetic pattern
of healthy aging to ultimately identify nutritionaleasures to achieve this pattern.
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5.3 Clinical Studies in humans

The first direct observation of SF’'s protectiveeeff against cancer in humans was
observed in 200 healthy adults (ages 25-65) froen diangsu Province of China, a
region with a high rate of hepatocellular carcinoduee to dietary aflatoxin exposure
and chronic hepatitis B infection. The primary guadnt of this blinded, placebo-
controlled trial was to determine if drinking dalbyoccoli sprout infusions (containing
400 umol glucoraphanin) for two weeks could reduce usgnexcretion of aflatoxin
DNA adducts— indicators of DNA damage. A highlyrsfggant inverse association was
observed for excretion of dithiocarbamates (isatyemate metabolites of
glucoraphanin) and aflatoxin-DNA adducts in indivads consuming broccoli sprout
infusions. Genetic polymorphisms of the glutathi@wransferase enzyme involved in
glucoraphanin metabolism may also be partially sesfble,affecting dithiocarbamate

formation from sulforaphan@ensler TW, 2005).

From 2004 to 2013 there are published some clinizs, controlled clinical trials, and
randomized clinical trials (RCTs) on the possilffeas of the consumption of broccoli,
or SF on humans.

The most consistent results in humans are thoageteto the clinical parameters blood
glucose and lipid profile (Bahadoran Z, 2012; Miram P, 2012; Murashima M, 2004)
and to molecular parameters of oxidative stresh@oran Z, 2011; Murashima M,
2004, Kensler TW, 2012; Riso P, 2010; Riedl MAQ20Traka M, 2008; Gasper AV,
2007), either by increasing antioxidant defensedyrdecreasing oxidative damage
markers. The findings from these studies also atéit that there was a decrease in low-
grade chronic inflammation (Mirmiran P, 2012) amdH. pylori colonization (Galan
MV, 2004; Yanaka A, 2009), as well as a higher g¢cton against cancer due to the
inhibition of tumorigenesis pathways (Traka M, 2P08to the excretion of potentially
carcinogen metabolites (Kensler TW, 2012; Kenshat, 2005).

There are two studies that have investigated eelltddox state by measuring the
expression or activity of antioxidant enzymes (Ridd, 2009) and levels of oxidative
stress markers (Murashima M, 2004). The first stisdyd a dose-dependent increase

in antioxidant defences. Daily intakes of 200g @bdeoli sprouts due to a dose-
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dependent increase in the expression of the enzygh#athione S-transferase M1
(GSTM1), glutathione S-transferase P1 (GSTP1), NQdt HO-1, by 119%, 101%,
199% and 121% respectively compared with baselalaes (Riedl MA, 2009). The
other study evaluated the oxidative stress mangkosphatidylcholine hydroperoxide,
8-isoprostane, and 8-hydroxydeoxyguanosine, anddfaecreases of 17%, 39% 25%
respectively in their levels and an increase of 50%e reduced/oxidized coenzyme Q
ratio compared with pre-intervention values. Thisdg also evaluated the toxicity of
bioactive compounds from broccoli by assessingr liuaction tests (transaminases),
uric acid levels, urea levels, and natural kill&ll activity, and did not find any
difference in their values after treatment (MurashiM, 2004).

It is also important to comment that the anti-inflaatory effect of SF shown by the
decrease in IL-6, PCR and TNFdevels, has been evaluated in one human study
(Mirmiran P, 2012).

Although there is consistent epidemiological evmen the association between the
consumption of cruciferous vegetables with a lowisk of cancer, there are few
intervention studies in humans. The most convincewydence comes from two
intervention studies that evaluated H. pylori itil@e (Galan MV, 2004; Yanaka A,
2009).

Regarding epigenetic mechanisms, given the leveHDAC inhibition in PBMCs
obtained from mice fed SF (Myzak MC, 2006), a pgtidy was conducted in human
healthy volunteers to investigate the effect ofrgyle dose of SF-rich broccoli sprouts
on HDAC activity in PBMCs. Healthy volunteers iretage range 18-55 years, with no
history of non-nutritional supplement use, refraiffeom cruciferous vegetable intake
for 48 h. Each subject consumed 68 g (one cup)raé¢doli sprouts, and blood was
drawn at 0, 3, 6, 24 and 48 h following sprout congtion. In the PBMCs of all
subjects, HDAC activity was inhibited as early ak &fter broccoli sprout intake, and
returned to normal by 24 h. This was the first gttmlshow that a naturally consumed
food in humans, namely broccoli sprouts, had suaiaeked effect on HDAC activity
(Myzak MC, 2007).

Although phytochemicals such as SF, have attraatehtion owing to their in vitro
neuronal potentiating activity, their in vivo andineal efficacy has yet to be
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established in randomised controlled trials. Tranesffurther research is necessary to

prove the neuroprotective effects in preclinicaldels and in humans

5.4 Dietary recommendations

5.4.1 Bioavailability of sulforaphane

Hydrolytic conversion of glucoraphanin to SF occtlisough the action of physical
damage to the plant, by either the action of ptlrtved myrosinase~(gure 1) or the
microbiota of the human colon. After rapid diffusianto the cells of the intestinal
epithelium, SF undergoes metabolism via the meuc&pacid pathway. This process
involves its initial conjugation with glutathionaapidly catalyzed by important
glutathione S-transferase (GST) enzymes. The psoc#sN-acetylation (to form
sulforaphane-N-acteylcysteine) is important for tlseibsequent excretion of
sulforaphane from the body. The basis for the ithstion of sulforaphane is the high
degree of binding to glutathione, and its capatotyrive passive diffusion (Fahey J,
1997; Conaway CC, 2001).

Pharmacokinetic studies in both humans and aninshdlewed that the plasma
concentration of SF and its metabolites increaapdtlly, reaching a maximum between
1 and 3 h after administration of either SF, glirnolsite, or broccoli (Gasper AV, 2005;
Veeranki OL, 2013).The SF metabolites are distaduthroughout the body and
accumulate in different tissues, with unpublishedadfrom Franklin and coworkers
after a whole body autoradiographic study in ratggesting that high concentrations of
isothiocyanate metabolites are present in the gaststinal tract, liver, kidneys, and
blood.

There are many factors that may affect the bioakdity, and therefore overall

therapeutic benefit, of dietary SF, including phacaokinetic properties, genetic
variation, and food preparation (Clarke JD,2011).
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Glucoraphanin is relatively stable under chemical ahermal conditions, and,

therefore, hydrolysis is mainly enzymatic (myros@amediated). Cooking and/or
blanching (during freezing process) of crucifermegetables inactivates myrosinase,
and has been shown to decrease the bioavailabiliBF (Clarke JD, 2011). In general,
results suggest that only about 30%—-50% of thealnstdministered dose is excreted
after these preparation processes. Boiling for ntba® 1 min, or steaming for more
than 4-5 min has been shown to lead to the losmywbsinase activity (Clarke JD,

2011).

The in vivo bioactivity of each SF metabolite idl sinclear, although many in vitro
studies have shown the ability of SF-Cys, and SFEENWetabolites to exert some
bioactivity (Clarke JD, 2011). These data suggdst hypothesis that repeated
consumption of SF or cruciferous vegetables isirequo maintain the SF metabolite

concentration in tissues.

In order to exert protective effects towards neagmherative disorders or improve
brain function, SF must traverse the blood-brairriea(BBB) and accumulate in the
central nervous system (CNS). Several studies imammodels of neurodegeneration
suggest the ability of SF to reach CNS and to displotective effects at this level. For
instance, SF is able to cross the BBB and to actatmin cerebral tissues such as the
ventral midbrain and striatum, with a maximum irmse and disappearance after 15min
and 2 h, respectively (Jazwa A, 2011). These reshiow the ability of SF to quickly
reach the CNS and the potential contribution ofin8fabolites to prolong the presence
of SF at this level because they are unstable yplilgsiological conditions and readily
dissociate back to SF (Veeranki OL, 2013; Jazwa(4,1).

5.4.2 Safety of the SF

Several studies have been conducted to assessatby ®»f SF in humans. A
randomized, placebo-controlled, double-blind stwiypwed broccoli sprout extracts
were without significant side effects at doses Bfahd 100umol glucoraphanin for

seven days. Another randomized, placebo-contrailedy involving 200 healthy adults

consuming broccoli sprout infusions daily for tweeks (400umol or approximately
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175 mg glucoraphanin) showed no adverse effectaiglée TW, 2005 In a dose
escalation safety study, broccoli sprout extracstaining SF doses as high as 340
nmol were topically applied three consecutive tintesforearm skin. Researchers
reported significant induction of phase Il enzynséwty in biopsied tissue without any

adverse reactions (Dinkova-Kostova AT, 2007).

5.4.3 Dietary lifestyles and measures

Phytochemicals present in vegetables and fruitsbateeved to reduce the risk of
several major diseases including cardiovasculareadiss, cancers as well as
neurodegenerative disorders. Therefore people vdmsuwme higher vegetables and
fruits may be at reduced risk for some of diseasmssed by neuronal dysfunction
(Selvam AB, 2008; Lobo V, 2010).

In general, many organizations, including the NaloCancer Institute, recommend
eating a variety of fruit and vegetables daily ¥s&y number depends on age, sex, and
activity level; see www.fruitsandveggiesmatter.golr) particular, consumption of
cruciferous vegetables such as broccoli, collaekgs, Brussels sprouts, kohlabi, red
cabbage, and kale which can provide SF, can prosasee beneficial effects for the
health, although separate recommendations for ferocis vegetables have not been

established.
The most sources of SF and/or glucoraphanin irclud

« Broccoli (44-171mg/100g dry weighiNakagawa K, 2006)
« Broccoli sprouts (1153mg/100g dry weight (Nakagaiy2006)

Although an ideal dosage is not known, supplememtatf 0.1-0.5mg/kg SF to rats has

been noted to be bioactive. This is an estimatadamudose of:

+ 1.1-5.5 mg for a 150Ib person
+ 1.5-7.3 mg for a 200lb person
+ 1.8-9.1 mg for a 250Ib person
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While, in diets, the whole broccoli is consumed, iy@st data supporting the protective
potential of broccoli against different cancers aegeral other diseases have focused
on purified or semipurified SF, or a water extrattoroccoli sprouts, rather than the

whole broccoli.

Regular consumption of sprouts of broccoli, becats@hytochemical properties and
that the intake of these occurs in its natural matncreases the bioavailability of the
bioactive compounds, stimulating mechanisms defepisehe organism of more
efficiently than commercial inflorescences of bralccThus, there is approximately 15-
fold more glucoraphanin in 3-day-old broccoli sgeo(cv Saga) than in the florets of
mature cultiva (Fahey, 1997).

By other hand, aqueous extracts of broccoli sprisuas excellent vehicle for delivering
the chemopreventive activity of SF and this ha® deen demonstrated in several
studies (Dinkova-Kostova AT, 2007; Zhang Y, 2006).

So there is also a need to design more experimanthtlinical studies to evaluate the
health effects of whole broccoli, specifically ihet context of neuropathological
conditions, to supplement the existing reporting boactive components and plant
extracts. The results of some epidemiological stsiduggest that adults should aim for
at least five weekly servings of cruciferous vepkis (Feskanich D, 2000;
Giovannucci E, 2003).

These low quantities are likely attainable via rbmccoli or cruciferious vegetable
products, while higher doses may be further beréficHowever, the optimal
supplemental dose of SF is still unknown.
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5.4.4 Dietary advices

The Healthiest Way of Cooking Broccoli

To cook broccoli is better with a low cooking temgttere in a range that includes the
steaming temperature of 212°F (100°C), with a cogkimes of 5 minutes at the most.
Since the fibrous stems take longer to cook, theylwe prepared separately for a few

minutes before adding the florets.

There may be some special advantages for the tligagsact when broccoli is eaten in
uncooked form. With fresh raw broccoli, simple sigca few minutes prior to eating or

thorough chewing of unsliced pieces will help aate/sulfur-metabolizing enzymes.

Another form of broccoli to enjoy raw broccoli igdacoli sprouts. Some of the
nutrients found in broccoli—like vitamin C—are esgadly concentrated in broccoli

sprouts.

A Few Quick Serving Ideas

« Toss pasta with olive oil, pine nuts and steameddwii florets. Add salt and
pepper to taste.

« Purée cooked broccoli and cauliflower, then comhith seasonings of your
choice to make a simple, yet delicious, soup.

« Add broccoli florets and chopped stalks to omelets.
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6. DISCUSSION

The study on SF has been increasing due to acctingukvidences about its beneficial
effects on health. Today, SF shows diverse thetapeations making it a strong
candidate for human therapeutic application.

In the context of neurodegenerative disordersgdibeovery of the fact that SF induces
cytoprotective proteins via Nrf2 pathway has prosdpthe study of this compound in
several experimental models associated with oxidateamage and inflammation. Thus
several in vitro and in vivo studies have demomstrathe ability of SF to exert
neuroprotective effects activating the Nrf2/ARE hveay (Ma Q, 2012; Calkins MJ,
2009). This pathway has been shown to be neuragincgen many different paradigms
of neuronal injury or neurodegeneration (Siebert2809; Jakel, R.J, 2007). Given the
striking neuroprotective effects of Nrf2 activatjoit is reasonable to assume that
nutraceutical Nrf2 inducers, like SF, may providgngicant therapeutic benefit against

neurodegeneration.

A novel neuroprotective mechanism of SF could beugh its HDAC inhibitory
activity (Dashwood R, 2008; Myzak MC, 2007). SF-mageld HDAC inhibition activity
causes a wide range of epigenetic alterations myrganes which are actively involved
in malignant progression of cancer cells. The Skiated HDAC inhibition might be
due to the possible direct interaction with SF ba HDAC active site (Myzak MC,
2004).

In the context of neurodegenerative disorders, tm®mising results obtained with
HDAC inhibitors in Huntington’s disease, epilep@nd bipolar disorder (Butler R,
2006; Phiel CJ,200kuggest that ‘epigenetics’ will likely impact uponultiple disease

areas, not simply cancer therapeutics.

There is a need to better define the precise méxhannvolved, such as the specific
HDAC targets and the downstream pathways affediedse mechanisms could be cell-
type specific, due to the unique epigenetic maekd down in each tissue; thus,

protection theoretically might be achieved with g@me dietary agent against motor
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neuron loss in neurodegenerative disorders, orrattevascular changes leading to
stroke.

Nutrients can act as the source of epigenetic noadibns and can regulate the

placement of these modifications. While DNA seq@sncannot be changed and aging
cannot be avoided, individuals have the abilitghange their diet. There is significant

impetus to continue research within the field ofrtional epigenetics as the findings

may support significant public health applications.

Aging and age-related diseases are associated pnitftound changes in epigenetic
patterns, though it is not yet known whether thebanges are programmatic or
stochastic in nature. Future work in this fieldlse® characterise the epigenetic pattern

of healthy aging to ultimately identify nutritionaleasures to achieve this pattern.
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/. CONCLUSIONS

The study on SF has been increasing due to acctingukvidences about its beneficial
effects on health. Today, SF shows diverse thetapeations making it a strong

candidate for human therapeutic application.

The discovery of the fact that SF has the abilityekert neuroprotective effects in
different acute and chronic neurodegenerative deseappears to making it a promising
compound with neuroprotective properties that may pn important role in preventing

neurodegenerative diseases.

Today, further studies will be required to disco® maximal protective effects, the
involving players and the way it acts on differenoman disease models.

Because cruciferous vegetables provide SF, regutiake of cruciferous vegetables in

the diet, could exert beneficial effects on neugalal diseases.
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