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ABSTRACT

Background & aims. Broccoli sprouts represent an interesting choicbealthy food
product as they are rich in glucosinolates andrtkegnate bioactive metabolites,
isothiocyanates able to counteract the negatiextfiof diverse pathologies. As obesity
is linked to an inflammatory component, the ainthed study was to evaluate the anti-
inflammatory action of broccoli sprouts in overwigigdult subjects.

Methods: An in vivo controlled study was performed in 40 healthy owaght subjects
(ClinicalTrials.gov ID NCT 03390855). Treatment pbaconsisted on the consumption
of broccoli sprouts (30 g/day) during 10 weeks #radfollow-up phase of 10 weeks of
normal diet without consumption of these broccpliosits. Anthropometric parameters
as body fat mass, body weight, and BMI were deteechi Inflammation status was
assessed by measuring levels of T&NfE-6, IL-1B and C-reactive protein.

Results: IL-6 levels significantly decreased (mean valdiesn 4.76 pg/mL to 2.11
pg/mL with 70 days of broccoli consumption, p <@.pand during control phase the
inflammatory levels were maintained at low gradeeém values from 1.20 pg/mL to
2.66 pg/mL, p < 0.001). C-reactive protein sigrahtly decreased as well.

Conclusions: This study represents an advance in interverdgtodies as the broccoli
sprouts were included in a daily dietary patternguantities that reflect a real
consumption. Further studies are necessary todgtecthe role of this healthy rich and
nutritious food product, but these promising resslipport the current evidence on the

healthy properties drassica varieties.
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INTRODUCTION

Nowadays there is an increasing demand by consuorerbealthy food products
prepared in convenient forms, simple to use anccantaining additives. In this sense,
broccoli sproutsBrassica oleraceae var. italica) are a good option, as they are the main
dietary source of glucosinolates, nitrogen-sulfampounds, and phenolic derivatives
(flavonoid glycosides, and hydroxycinnamic acidsdamins A, C, E, K and minerals
[1]. Glucosinolates are derivatives from amino acahd particularly abundant in
Brassica species and are believed to be responsible diithegical effects attributed to
these vegetables. Cultivar conditions can affect iamprove the biosynthesis of these
secondary metabolites in the plant, favouring tlstarage in the sprouts. Broccoli
sprouts contain 10- to 50-fold higher concentraioh glucosinolates than the mature
broccoli [2].

Isothiocyanates are degradation products from ginotates formed by the hydrolytic
action of myrosinase vegetable enzyme when thetabklgestructure is crushed, e.g.
during mastication process. Hydrolysis can also peeformed by gastrointestinal
enzymes during digestion; the metabolic conversiogiucosinolates to isothiocyanates
is a crucial step for the benefits observed with cbnsumption oBrassica vegetables
[3]. Most of these reported effects are linked tati-aancer properties and
epidemiological studies have evidenced a decrea#ieeirisk of cancer with the intake
of cruciferous foods [4, 5]. Human clinical studibave mainly focused on these
antitumoral activities, with mechanisms includinget upregulation of phase Il
detoxification enzymes, as well as the direct acta cell cycle, causing apoptosis of
cancer cells [6] [7]. There is less evidence on &mé-inflammatory properties of

cruciferous vegetables in humans.
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A non-communicable disease of high prevalence instéfa societies is obesity.
Nowadays it is assumed that obesity is a condifmaracterized by a chronic low-grade
inflammation status. Levels of pro-inflammatory nadrs as IL-6, TNFe and C-
reactive protein are increased with the higherarigicadiposity and all of them are risk
factors for cardiovascular diseases, metabolic ®mnd and diabetes [8]. The
permanent low-grade of inflammation is a resporig@@organism to the imbalance in
the nutrient due to energy excess and it is maedes the development of insulin
resistance and type 2 diabetes [9]. Dietary intetigas able to reduce the inflammatory
conditions linked to obesity may improve healthditions of overweight population.
The hypothesis of our research is that broccoliowsr are able to reduce the
inflammatory status in overweight subjects due Heirt content in phytochemicals,
mainly glucosinolates. Hence, the aim of the stsdp evaluate the changes in markers
of inflammation in overweight subjects after 10-weegestion of broccoli sprouts as

well as to assess the bioavailability of glucosies to correlate the changes observed.

MATERIAL AND METHODS
Study design
We performed an interventional follow-up study teakate the effect of the daily

consumption of broccoli sprouts during 10 weeksd@gs).

The study was performed according with the Helsibkclaration of Human Studies
and approved by the Ethical Committee of the CatHdhiversity of Murcia as well as
the Bioethics Sub-Committee of the CSIC’ DepartmeinEthics for the AGL-2013-
46247-P project registered also at ClinicalTriads.dD NCT 03390855. Volunteers
(n=40; 21 men, 19 women) were recruited in the QathUniversity of Murcia

(UCAM) and all of them were informed on the chaesistics of the study and they
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signed the written-informed consent. The inclusmoiteria were: BMI within the
overweight range according to the World Health @rgation criteria (24.9-29.9
kg/m?), aged 35-55 years, taking no vitamins, supplementmedication during the
previous two months; no-smoking. The exclusionecidat were: diagnosed diseases as
hypertension and cardiovascular pathologies, desbetepatic, gastrointestinal and
renal diseases, as well as the intake of drugserkl these pathologies, vegetarian
diet, pregnancy or breastfeeding. Dietetic and difjde habits were recorded from all

participants.

There were no drop-outs during the whole periodtofly and no adverse effects were
reported due to the broccoli sprout ingestion. Riayparameters of the volunteer at the
beginning of the study are listedTable 1.

One week before the beginning of the interventienqal, subjects were asked to avoid
the consumption oBrassica vegetables (broccoli, radish, cauliflower, Brussaiouts,
mustards, among others) and their derived prodacais,to follow a well-balanced diet
(based on Mediterranean diet), with no other foestriction criteria. These dietary
instructions were maintained during the entire querof study. Besides, they were
requested to record any sign of adverse effeagsh or deviation of the experimental
diet. The subjects maintained their usual lifestylaring the study.

On the first day, participants were given the mmsi of fresh broccoli sprouts to be
taken for the whole week (7 trays of broccoli spsoaf 30 g each) and each week they
had an appointment to provide them the fresh prisddde intervention consisted on a
10-week period which included daily consumptionaoportion (30 g) of raw, fresh
broccoli sprouts. This amount is consistent witlhadf- serving [11]. Subjects were
instructed to ingest 1 tray per day and to keeprdnes refrigerated (4° C) at home. The

intake of the broccoli sprouts was included in thearmal daily diet and no specific
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time of consumption was established, with the dimhjtation of avoid cooking of the
sprouts and to consume them fresh. Cooking proesduoan affect the content of
glucosinolates as well as their bioavailability [138] and therefore some recipes were
provided to the participants to facilitate the k#aof the sprouts without affecting the
phytochemical composition and absorption. We gasguctions to the volunteer of not
cooking broccoli sprouts but of consuming them amw rmanner. They included the
sprouts in vegetable salads, cold pasta salads @old sandwiches with different
combinations of the following ingredients: chedsan, tomato, lettuce, grilled pork or
grilled vegetables (in both cases the sprouts shioelladded after the grill and once the
ingredient was lukewarm). It could also be incldide burgers, as the “Californian
style burger”, which ingredients are broccoli sgspbacon, avocado, tomato, burger
and bread. Other recipes include elaboration ofzffaaho” (Spanish cold soup made
with vegetables as tomato, cucumber, green pempéon, oil, vinegar and salt), or
mixed with smashed potatoes with melted cheesmixed with bread and spreadable
cheese. In all cases it was important to use id oolwarm temperatures so that the
glucosinolates were preserved.

After the intervention period, a follow-up recovergriod for all subjects continued for
other 90 days with no ingestion of broccoli sprouts

Fasting blood samples and 24-h urine samples vedenton day O (DO: just before
starting the intervention), day70 (D70: end of méntion period), day 90 (D90: 20
days after end of intervention) and 160 (D160: 8¢sdafter end of intervention). Blood
samples were collected from each subject by vewcipua from the antecubital vein; 3
mL were placed in heparin tubes and centrifuged 100 rpm for 10 min at 4°C.
Plasma was aliquoted and stored at -80°C untilyaizalAnalysis were performed once

each period was finished and in the same batchinomze analytical variations. The
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total volume of the 24h-urine was recorded to daleuthe absolute amounts of the
compounds and metabolites excreted in the studgpgand aliquots were frozen at -
80°C for further analysis. Body weight and percgataf fat mass were measured as
well and BMI calculated in each sampling time point

Broccoli sprouts

Raw, fresh broccoli sproutsBi(assica oleracea var. italica) were supplied by
Aquaporins&Ingredients, S.L (Alcantarilla, MurciaSpain). The sprouts were
biostimulated with methyl jasmonate 250 uM, foraysl previous to delivery, in order
to increase up to 2-fold levels the production wiabtive compounds, according to a
protocol previously validated [10]. In that stude werformed some tests on elicitation
and seed priming to enrich the broccoli sproutglutosinolates. We used the elicitor
methyl jasmonate (MeJA) by priming the seeds a3 aslby spraying daily over the
cotyledons from day 4 to 7 of germination. We oledrthat MeJA at concentrations of
250 uM act as stressor in the plant and enhanedsidlsynthesis of the phytochemicals
glucosinolates. Compared to control plants withMdJA treatment, the content of
compounds as the aliphatic glucosinolate glucomiphaas enhanced up to a 70 % and
similar increases were observed with glucoiberinglucobrassicin. In this way, we
improved the content of these health-promoting caumnpls. Other nutritional facts did
not change with these treatments.

Three trays of sprouts were collected once a weakng the study, frozen and
lyophilized prior to analysis on glucosinolates aisgthiocyanates, as previously
described [2]. The phytochemicals (glucosinolapgsyided by the broccoli sprouts are
summarized imable 2.

Biochemical analysis
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Markers of inflammation as IL-6, C-reactive protelib-18 and TNFe in plasma were
determined in our laboratory using high-sensitiEiyISA kits. ichromd" hsCRP kits
were purchased from Boditech Meed Inc.’s. Humar6 IELISA high sensitivity kits
were from BioVendor. Human ILBLhigh sensitivity ELISA kits and human TNE-
high sensitivity ELISA kits were acquired from IBaternational GmbH Instrumental.
Analysis of glucosinolates and isothiocyanates in urine and plasma

Levels of glucosinolates, isothiocyanates and thestabolites (GRA, IB, SFN, SFN-
GSH, SFN-NAC, SFN-CYS, I3C, 3,3-DIM) were measurnadurine by a rapid,
sensitive and high throughput UHPLC-QqQ-MS/MS [1A4l. LC-MS grade solvents
were obtained from J.T. Baker (Phillipsburg, Newsdg, USA). The standards of
Sulphoraphane, SFN-glutathione, SFN-cysteine and-ISfacetylcisteine (SFN, SFN-
GSH, SFN-CYS, SFN-NAC, respectively) and Iberin)(IBidole-3-carbinol (13C) and
3,3-Diindolyl-methane (DIM_3 3) were from SantaCruiotech (CA, USA).
Glucoraphanin (GRA) was obtained from Phytoplanefin & Neuberger GmbH,
Heildelberg, Germany).

Urine and plasma samples were extracted using St&a<X cartridges (33um
Polymeric Strong Cation) following manufacturersistructions (Phenomenex,
Torrance, CA, USA). The cartridges were precondéub with 2 mL of methanol and
equilibrated with 2 mL of water:formic acid (98\y). Samples (400 pL) were diluted
with 2 mL water:formic acid (98:2, v/v) and loadedo the column. SPE cartridges
were washed with 2 mL water:formic acid (98:2, vizlution of target metabolites was
performed with 1 mL of methanol/formic acid (982y). Samples eluted were dried
using a SpeedVac concentrator (Savant SPD121Pmbh&cientific, Massachusetts,
USA). The extracts were reconstituted in 200 pmobile phases A/B (90:10, v/v) and

filtered with PTFE 0.22 um filters Chromatograpbeparation was carried out using a



193 ZORBAX Eclipse Plus C-18 (2.1 x 50 mm, 1.8 um) (l&gt Technologies) and the
194 mobile phases employed were: solvent A ammoniurtatgel3 mM (pH 4 with acetic
195 acid) and solvent B acetonitrile/acetic acid (99.B:v/v) as previously described
196 [15].Twenty microliters of each sample were acqiliiea a Agilent Technologies
197 UHPLC-1290 Series coupled to a 6460 Q9Q-MS/MS @il Technologies,
198 Waldbronn, Germany). Compounds were identified anpdéantified using MRM
199 transitions and positive or negative ESI mode famficmation of the target analytes,
200 compared to available external standards [l4hd&tal curves were prepared freshly
201 every day of analysis.

202 Satistical analysis

203 Continuous variables were summarised with means staddard deviations while
204 qualitative variables were summarised with propodi We estimated the relative
205 change on the continuous biomarkers (weight, BMtybfat, IL_6, C-reactive protein
206 and 3,3-DIM), between the different periods (befanel after Broccoli ingestion) using
207 linear regression models. Additional models wene controlling for age and sex in
208 case these variables were confounding the effettteobroccoli. We then compared the
209 proportion of samples with detectable metabolitessulphoraphane pathway (SFN,
210 SFN-CYS and SFN-NAC) between visits. We studiedabsociation between changes
211 observed in body fat mass, IL6 and C-reactive mdi@utcome variables) and changes
212 in metabolites 3,3-DIM, SFN-NAC, SFN-CYS and SFMplanatory variables) using
213 linear regression models. Data were analysed ugif84.1. version) software package.
214 RESULTS

215 Bioactive compounds in broccoli sprouts

216 Broccoli sprouts from each of the 10 weeks of thely were characterized for their

217 glucosinolate (GLS) contentd gble 2). Results are presented as the serving portion
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(30g) consumed daily by the volunteers. The malphatic glucosinolate in broccoli
sprout detected was glucoraphanin (GRA, 4-methidksaylbutyl glucosinolate) and
the major indolic glucosinolate detected was nemgbuassicin (NGB, 1-methoxy3-
indolylmethyl glucosinolate). Total concentratiohadiphatic glucosinolates was 80.50
mg/30 g f.w., equivalent to 6.22 pmol/g fresh weigh65.47 pmol/g dry weight. This
concentration was two-fold higher than indolic gisimolates (40.62 mg/30 g f.w.,
equivalent to 2.88 pumol/g fresh weight or 30.32 jighalry weight). Volunteers
consumed an average of 51 mg (117 pumol) and 204@ g nol) of glucoraphanin and
neoglucobrassicin, respectively, on a daily badigjing the 70 days of the dietary
intervention.

Biological effects of broccoli sprout on markers of inflammation and body composition
Baseline characteristics of volunteer are descrilmedable 1. Changes on plasma
concentration of biomarkers at different time psiof the intervention are shown in
Table 3. Day 0 and day 70 refers to the first and lastsdafythe broccoli ingestion,
respectively. The days 90 and 160 refers to 20 dags90 days of follow-up upon the
broccoli dosage period, respectively.

The evolution of mean values of continuous varigidee shown irTable 4. The
metabolite 3,3’-diindolylmethane (3,3-DIM) was indkd in the statistical analysis as it
was detected in all volunteers, at concentratioghdn than limit of quantification,
hence, for statistical purposes, it was treate@ a®ntinuous variable. Evolution of
ratios of continuous variables in each visit arevahin Figure 1.

No significant changes were observed in weight BNd. By contrast, body fat mass
slightly decreased significantly after 70 days addzoli consumption (ratio = 0.947, P-
value= 0.02586) and returned to basal levels at9@ay state that was maintained until

day 160 (P-value= 0.94899 y P-value=0.07644).
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Plasma interleukine-6 (IL-6) concentrations deaedasignificantly (by 38 %) after 70
days of broccoli ingestion as well, respect to basdue (ratio=0.381, P-value <
0.00001). Moreover, these lower levels continusigmificantly decrease after 20 days
of ceasing broccoli ingestion (ratio = 0.195, Puead 0.00001). At 90 days of the
follow up period (day 160), levels returned someth without returning to baseline
values (ratio=0.472, P-value= 0.0000B)gure 2 illustrates how the changes in IL-6,
during broccoli intake, depends on baseline vallibs. negative slope of the regression
line indicates that volunteer with higher concetitras at baseline tend to lose more
concentration of this biomarker. Decreases in Ctrea protein were also observed,
during broccoli ingestion period (ratio = 0.592 v&#due= 0.00915). Shortly in the
follow-up period, levels returned to baseline cdpds (P-value=0.92162 and P-
value=0.72756, at 90 and 160 days, respectively).

These results did not substantially change whenrepeated the regression models
adjusting for age and sex. ThRnd IL-13 were detected in a small number of samples
and most of them below the limit of quantificatidrence no valid conclusions can be
inferred and data have not been considered fasttal purposes.

Bioavailability and metabolism of glucosinolates and isothiocyanates

Some glucosinolates and isothiocyanates, as glplcaran, glucoiberin, iberin,
glucoerucin, erucin and glucobrassicin were absenthe urine samples. Indole-3-
carbinol was detected only after broccoli ingestiorlow quantities and in 50 % of
samples. In contrast, the metabolite 3,3’-diindolgthane (3,3-DIM) was detected and
quantified in all volunteers and for statisticalrposes it was treated as a continuous
variable. It increased significantly during brodcoigestion (ratio = 1.947, P-value <
0.00001). Shortly in the follow-up period, levelsturned to baseline conditions (P-

value=0.10484 and P-value=0.12312, at 90 and 1¢§) despectively).



268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

2901

292

Metabolites from sulphoraphane pathway are preisedd h-urine samplesl@ble 3);
the metabolite at higher amount was SFN-NAC (meancentration 2.0301 pM,
corresponding to 3.21 pmol/24 h), whereas SFN \wascompound with the lowest
excretion (0.543 uM, corresponding to 0.77 pmok24The sum of SFN, SFN-NAC
and SFN-CYS was ~ 5.11 umol/24 h. Considering aaustnof GRA of 117 pmol by
serving, a 4 % on average was metabolized throwggleapturic acid pathway.

Figure 3 shows the proportion of individuals in which thestabolites have been
detected and quantified at each visit dfidgure 4 shows the differences of these
proportions from baseline with their confidencesmtls. The percentage of individuals
where SFN-NAC is detected increases significantlsindy broccoli intervention (45%
increase; P-value = 0.00001). Afterwards, the peege diminishes although it is
statistically different from baseline (32.5 % di#ace; P-value = 0.00303). At 160
days, no significant differences from baselineabserved (P-value = 0.07139). Similar
behaviour is detected with SFN-CYS and SFN. Peacgs increased during broccoli
ingestion (67.5 % increases in SFN-CYS P-value08@D; 82.5 % increases in SFN; P-
value < 0.0001). Afterwards, the percentages ofviddals detected decreased to
baseline conditions (P-value = 0.43858 and P=v@laé355 for SFN-CYS and SFN,
respectively). This behaviour is maintained for libreger period at 160 days (P-value =
0.29330 and P=value 0.73532, respectively). SFN-G&i3 detected in very few
samples of volunteer during broccoli ingestion &dabt included), hence, it has not
been considered for statistical purposes.

The decrease in IL-6 levels was significantly retato the increase in 24 h-urine SFN
levels (p=0.03319). In case of C-reactive prottie, decrease was significantly related
to the increases in 24 h-urine SFN-NAC (p=0.04788) SFN-CYS (p=0.04116).

(Supp. Table-6).
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DISCUSSION

We conducted a human intervention study to testtlvdneregular consumption of
broccoli sprouts improves inflammatory biomarkemnsoverweight subjects. Adipose
tissue is related to higher secretion of pro-infiaatory cytokines as TNE-and IL-6
and elevated levels of these proteins have beeasrided in overweight individuals [16,
17]. These proteins are linked to several dised@stess [18] and C-reactive is an
important predictive marker of cardiovascular egdd®]; hence the reduction of their
levels with dietary intervention could contribute & better prognosis on obesity-
associated disorders. In our study we observedtigeable anti-inflammatory effect
with the ingestion of broccoli sprouts, with a sfgrant reduction by 38 % and 59 % in
IL-6 and C-reactive protein concentrations, respebt.

Clinical studies on human participants on the arflammatory properties dBrassica
products are scarce. Our research group has psdyidascribed a significant decrease
on markers of inflammatory processes, as the mktebotetranor-PGEM (from
prostaglandins £and k) and 113-PGF2ax (from prostaglandin D2) after consumption
of a single portion of broccoli sprouts [20]. Otlaerthors have reported decreases on C-
reactive protein levels by 48 % after 10-day brdicodake (250 g/day) in smokers,
confirming our results; however, no changes on lleGels were detected [21].
Decreases in IL-6 and C-reactive protein were adbserved after 14 days of
cruciferous consumption [22], but the amounts y3gdkg body weight, 14 g/kg body
weight) far exceeded those of our experiment.

Differences in population studied, study desigpgetpfBrassica or amount of product

consumed, could explain the different results oleskrOur broccoli sprouts contained
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significant quantities of aliphatic glucosinolatas glucoraphanin, glucoiberin and
glucoerucin, which derive from the aminoacid metime, as well as indolic
glucosinolates as methoxy and hydroxy derivativieglacobrassicin, that derive from
the aminoacid tryptophan. Broccoli sprouts are esfig rich in glucoraphanin (up to
10-fold above adult organ (inflorescence) levelattdrop with the plant growing, as
the plant material increases without concomitanttisgsis of glucoraphanin [23].
Hence, potential beneficial concentrations areeedsi achieve with dietary quantities
of sproutsvs broccoli heads (inflorescences).

Levels of glucosinolates and their metaboliteshmmyanates were measured in 24h-
urine by UHPLC-MS/MS in order to ascertain the aonption of broccoli and with the
aim to find out if any metabolite is related to ttenges in the biochemical parameters
observed. We did not observe significant levelsntdct glucosinolates in 24 h-urine
samples, being explainable as these compounds sxtiensive modifications prior to
absorption in the gut. They are present in thectrpéant as glucosides and, upon tissue
damage, the enzyme myrosinase catalyses their hgplieblysis of the glucose moiety
[24]. The aglycone of each glucosinolate sufferghier hydrolytic metabolism to
isothiocyanate in the gastrointestinal tract by mudrobiota; these compounds are then
absorbed by enterocytes and distributed systemicfb]. In particular, the
isothiocyanate sulphoraphane (1-isothiocyanate-thyhsulfinylbutane) is formed
from the glucosinolate glucoraphanin (4-methyl-bilglbutyl glucosinolate).
Therefore, isothiocyanates are the compounds mpmelyent in human tissues to which
can be attributed the biological activities.

In humans, the isothiocyanates are metabolizedtheéa mercapturic acid pathway.
Conjugation with glutathione is catalysed by glotabe transferase and GSH-

conjugates are metabolized rendering SFN-CYS amHS&C. It has been proven that
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polymorphisms of these enzymes have a significapact on ITC metabolism [26].
From the results described, the metabolites SFN-N8S8EN-CYS and SFN can be
considered as good markers of ingestion, as thesepce is related only with the
broccoli period, indicating the compliance of tqperimental diet.

Concerning indole glucosinolates, indole-3-carbi@i8C) is released by hydrolysis of
glucobrassicin (3-indolyl-methylglucosinolate) byymsinase action. This type of
indole glucosinolates are present in seeds, malard and some sprouts cultivars, but
are not commonly present in @&rassica varieties [27, 28]. After ingestion, I3C is
modified by the acidic pH in the stomach and dimesito 3,3’-diindolylmethane (3,3-
DIM) [29]. Hence, the presence of 3,3-DIM in the 24irine samples is related to the
metabolism of glucobrassicin derivatives presemunbroccoli sprouts.

The increases on broccoli metabolites were sigmitiy related to the decreases in IL-6
and C-reactive protein levels, what suggests thetication in the modulation of these
pro-inflammatory proteins. Studies on cellular miedeve shown that the mechanism
of interaction is common in isothiocyanates andlsinto that of endogenous hormones
as steroids or vitamins A and D. This type of coomuis possesses electrophile groups
that interact with nucleophilic moieties of tranption factors, down- or up-regulating
their activity [30]; it has been shown that sulpmitane interacts with the redox-
sensitive transcription factor Nrf2, to permit itanslocation into the nucleus, where it
binds to the antioxidant response element (ARE)autivates the synthesis of proteins
related to the response to stress, as phase Ikifleation enzymes and quinone
reductases [31-34]. Besides, SFN inhibits activatsd NFkf, a central transcription
factor in inflammation process and the gene expessf proinflammatory mediators
[34, 35]. This signalling pathway is redox sengtas depends on the balance between

ROS intracellular concentration and GSH levels.gjieg on GSH levels by SFN may
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influence in this anti-inflammatory action. Othertlaors observed an anti-inflammatory
effect by induction of Nrf2-pathway of broccoli spit extract in human skin [36] and
nasal lavage cells [32] in healthy subjects as aliin patients with chronic obstructive
pulmonary disease (COPD) [37].

3,3’-DIM has shown to reduce transcriptional a¢yivof NF- kB, what results in lower
levels of inflammatory mediators as IL-6, in acte@ macrophages [38] as well in
different models of inflammation in mice [39, 4@ .has been pointed out the possible
synergistic interaction of both SFN and 3,3’-DIM phd the isothiocyanates erucin and
sulphoraphane are interconvertible [41], so thatahti-inflammatory effects observed
with broccoli sprouts intake are likely due to twmbined effects of all the hydrolysis
products of glucosinolates.

Concerning anthropometric parameters, after 10 wafekhe daily consumption of
broccoli sprouts, weight and body mass index weteatiered; however, body fat mass
significantly decreased with broccoli interventiolt. has been described that the
metabolite 1I3C decreases adipogenesis by suprepsitigvays of lipid accumulation
mediated by PPAR[42]; however, we did not detect I3C in 24 h-urinetas mainly
excreted in its metabolite 3,3-DIM. We did not ebg a significant correlation
between the increase in 3,3-DIM and the decreadatimass; no further experiments
were performed to corroborate an additional hypstheabout the effects on
adipogenesis.

A limitation of this study is the lack of a pardlfandomised control group which would
be ideal to stablish causality links between brédontakes and the change in biomarker
levels. The post-intervention follow up is not aleal control period as several other
factors might have changes in the individuals ereéhvironment. However, the strong

changes observed in the inflammatory markers aetiteof the intervention and their
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recuperation afterwards could be an indicationhef beneficial effect of the broccoli

that will have to be tested in a proper trial. @a dther hand, overweight is frequently
associated with other pathologies as hypertensgamdiovascular events, insulin
resistance or type 2 diabetes and, due to the exmpteractions among them, we
limited the study to people with overweight stafawording to WHO criteria, but

without any pathology or clinical disorder. Henoar result can only be extrapolated to
these type of population and not to the overalt twld include people with some

concomitant pathologies.

CONCLUSIONS

The consumption of broccoli sprouts in a real dieterving is able to affect IL-6 and
C-reactive protein levels in overweight subjectsende attenuating chronic
inflammation. Further research with broccoli spsoutcluding other biomarkers and
mechanistic studies are necessary to elucidateotéef this healthy rich and nutritious
food product, but these promising results supgw@tdurrent evidence on the properties
of thisBrassica specie for disease prevention.
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FIGURE LEGENDS

Figure 1. Evolution of ratios of continuous varedlin each visit according to model
(1): a) changes in weight, BMI and body fat magsclmnges in IL-6 and C-reactive
protein levels

Figure 2. Example of how changes in IL-6 duringdaadi intake depends on baseline
values of IL-6 (variables log-transformed).

Figure 3. Proportion of individuals and 95 % ICneétabolites detected at each visit

Figure 4. Changes in binary variables over periods



Table 1. Baseline characteristics of volunteer (=24 men, 19 women)

Variable Mean + standard deviation
Age (years) 46 + 6

Height (m) 1.72 +0.08

Weight (kg) 85.8 £16.7

BMI (kg/m?) 28.9+4.0

Body fat mass (%) 30.34 +7.54




Table 2. Glucosinolate contents in broccoli spralati$y portions (mg/30 g F.W)

Mean = Standard deviation

(n=3)

Glucoiberin (GIB) 19.28 £ 0.98
Glucoraphanin (GRA) 51.08 +1.06
4-Hydroxiglucobrassicin (HGB) 3.67£0.41
Glucoerucin (GER) 10.14 £ 1.20
Glucobrassicin (GBS) 9.69 £ 0.95
4-Methoxyglucobrassicin (MBG 7.14 + 0.61
Neoglucobrassicin (NBG) 20.11 £1.66
Aliphatic GlucosinolatesX) 80.50 +2.18
Indolic GlucosinolatesX) 40.62 £ 2.07
Total ) 121.11 + 4.00




Table 3. Changes observed with broccoli treatment as veetiaing follow-up period.

Values are expressed as mean (confidence intebvl)9

Variable Day 0 Day 70 Day 90 Day 160
Weight (kg) 85.79 85.69 83.83 84.04
(80.38-91.20) (80.42-90.95) (79.47-88.18) (79.66-88.41)
BMI (kg/m?) 28.88 28.93 28.49 28.60
(27.56-30.20)  (27.63-30.23) (27.40-29.57) (27.52-29.68)
Body fat mass (%) 30.34 29.32 30.29 32.09
(27.29-33.39)  (26.93-31.71) (27.87-32.72) (29.69-34.49)
IL-6 (pg/mL) 4.76 2.11 1.20 2.66
(4.21-5.31) (1.61-2.61) (0.88-1.52)  (1.89-3.44)
C-reactive protein 2.42 1.52 1.92 2.32
(Lg/mL) (1.45-3.40) (0.70-2.34) (1.02-2.82)  (1.07-3.56)
SFN-NAC (UM) 0.193 2.301 0.023 0.094
(0.00-0.41) (1.85-2.75) (0.01-0.04) (0.00-0.19)
SFN-CYS (uM) 0.116 0.800 0.078 0.081
(0.00-0.26) (0.57-1.03) (0.00-0.22) (0.00-0.19)
3,3-DIM (uM) 0.484 0.707 0.449 0.461
(0.38-0.59) (0.61-0.80) (0.33-0.57) (0.36-0.56)
SFN (uM) 0.098 0.543 0.038 0.022
(0.00-0.23) (0.40-0.69) (0.00-0.13) (0.01-0.03)




Table 4. Evolution of mean values (ratios) on the time poin

Variable Mean Ratio 95% CI P-value
Weight (kg) 86.141

From DO to D70 86.346 1.002 (0.997t01.008) 0.3338
From DO to D90 85.983 0.998 (0.987t01.010) 0.2496
From DO to D160 86.424 1.003 (0.994t01.012) (8965
Body mass index (kg/fa  28.877

From DO to D70 28.945 1.002 (0.997 to1.008) 0.3900
From DO to D90 28.797 0.997 (0.9861t0 1.009) 0.6244
From DO to D160 28.971 1.003 (0.994t01.012) (%61
Body fat mass (%) 28.834

From DO to D70 27.298 0.947 (0.903 to 0.993)0.02586
From DO to D90 28.795 0.999 (0.9561t01.043) 0.9489
From DO to D160 29.955 1.039 (0.996t01.084) 04a76
IL_6 (pg/mL) 4.594

From DO to D70 1.748 0.381 (0.298 to 0.486) <0.00001
From DO to D90 0.896 0.195 (0.149 to 0.255) <0.00001
From DO to D160 2.170 0.472 (0.366 to 0.609) <0.00001
C-reactive protein (ug/mL) 1.431

From DO to D70 0.847 0.592 (0.405 to 0.865)0.00915
From DO to D90 1.459 1.020 (0.677to1.536) 0.92162
From DO to D160 1553 1.085 (0.665t01.771) 0.B275
DIM_3_3 (uM) 0.334

From DO to D70 0.650 1.947 (1.705 to 2.223)<0.00001
From DO to D90 0.335 0.757 (0.5391t01.063) 0.10484
From DO to D160 0.376 0.850 (0.6891t01.048) 0.2231

*. data are adjusted by baseline levels
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