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ESSENCE OF ARTICLE

“Conclusion: APRIL is over expressed in untreatetiva ITP patients and might be a pathogenic factahis
disorder”

ARTICLE
Abstract

Background: Immune thrombocytopenia (ITP) is an imermediated disorder in which destruction of pédseis
accelerated by anti-platelet autoimmune antibodBesell-activating factor (BAFF) and a proliferatiénducing
ligand (APRIL), essential factors for B cell suraivare elevated in systemic autoimmune diseases@nelated
with clinical findings. High expression of BAFF hlasen shown in patients with ITP, but the statusPRIL in
ITP is still unknown.

Objective: To determine the expression of APRIL @&mdceptors, B-cell maturation antigen (BCMA) anahs-
membrane activator and calcium modulator and cyilopligand interactor (TACI), in patients with P, and
evaluate the correlation between plasma APRIL kgel platelet accounts or other clinical pararseter

Methods: Plasma samples from 57 patients with 8iiél, 30 normal healthy subjects were assayed forllAPR
plasma concentration by enzyme linked immunosorassay. Real-time quantitative polymerase chaicticgawas
performed to determine the mRNA expression of AP&tH its receptors (BCMA and TACI) in peripherabdd
mononuclear cells (PBMNCs) in 25 normal controld 84 untreated ITP patients with active disease.

Results: The APRIL levels in the plasma samplesfpatients with ITP were significantly higher these from
healthy controls (p = 0.000). PBMNCs may be a sewofdhe excess APRIL. Treated patients with nonpletelet



count have relatively normal plasma APRIL (p = @p%®lasma APRIL levels in active patients wereifigantly
correlated with platelet counts (r = - 0.387 anel@024).

Conclusion: APRIL is over expressed in untreatatv@dTP patients and might be a pathogenic faofdhis
disorder.

http://www.ncbi.nIm.nih.gov/sites/entrez
Cas Lek Cesk. 1997 Jul 30;136(15):459-63.
New drugs with positive effects on bones
[Article in Czech]

Zofkové |, Kanceva RL.

Endokrinologicky Ustav, Praha.

ESSENCE OF ARTICLE

“A more potent factor than magnesium is stronciwtich not only activates osteoblats but decretis=sumber
of osteoclasts, thus abolishing bone resorptionesnidncing formation.”

ARTICLE

The paper concerns the nontraditional treatmenstEoporosis using endogenous substances regutentimgy
metabolism, and also new drugs. NO in high conediotis decreases the activity of osteoclasts, scpee
superoxides which destroy connective tissue, atidades 1 alpha-hydroxylase in kidneys. Bone mdtaivois
effectively influenced by donors of NO or by moduola of NO synthase. Osteoclastic function is atbibited by
vitamin K. The administration of the vitamin is indted in osteoporotic patients with proven vitamideficiency.
Antiestrogens (tamoxifen), ipriflavon and analogaésvortmannin have antiresorptive activity. Undertain
conditions parathyroid hormone (PTH) is anabolickfone. The positive effect on bone was confirméd the
subcutaneous administration of small doses of Rifridlating physiologic pulsatile secretion, as vadithe intact
somatotropin-IGF-I (insulin like growth factor-Ixis. PTH is extremely useful, especially in ostemsts induced
by hypoestrinism. Somatotropin (GH) also has aral@effect on bone. The hormone stimulates bor&abolism
with a prevalence of formation due to direct actionbone, as well as by means of IGF-I. Furthemgindactors
with positive osteoprotic effect are TGF-beta (§fanming growth factor-beta), FGF (fibroblast graviactor) and
calcium conserving dihomogammalinoleic acid. Magmesinfluences bone in different ways. It activates
osteoblasts, increases bone mineralization, andnesis the sensitivity of target tissues (incl. paadTH and
1,25(0OH)2 vitamin D3, Under certain conditions heae magnesium can stimulate bone resorption. Aerpotent
factor than magnesium is stroncium, which not @diivates osteoblats but decreases the numbeteafatessts,
thus abolishing bone resorption and enhancing fdomaBicarbonates are also favourable for bond1Gi@3
together with potassium citrate stimulates ostesibland enhances bone mineralisation. In the reotber
prospective substances are also discussed. Thepaostie effects of most of these factors were gomdid in vitro



and in studies in animals, but their use in clihpractice is still a matter for investigation. Mat interactions with
classical osteoprotic drugs remain to be estallishe

http://www.usatoday.com/news/health/weightloss/20091 7-future-obesity-
costs_N.htm?csp=34&utm_source=feedburner&utm_medfaed&utm_campaign=Feed%3A+UsatodaycomHealt
h-TopStories+(News+-+Health+-+Top+Stories)

Rising obesity will cost U.S. health care $344 hitin a year
MOST AND LEAST OBESE

States with the highest and lowest obesity rat@909:

Lowest

1. Colorado

2. (tie) Connecticut
Massachusetts

4, Rhode Island
5. (tie) Hawaii

Utah

7. Vermont

8. New Jersey
9. (tie) California
Montana

Highest

1. Mississippi



2. Alabama

3. West Virginia

4, Tennessee

5. Oklahoma

6. South Carolina

7. Kentucky

8. (tie) Arkansas Michigan

North Carolina

Source: America's Health Rankings (americashealkimgs.org)

By Nanci Hellmich, USA TODAY

If Americans continue to pack on pounds, obesityaaist the USA about $344 billion in medical-reldtexpenses
by 2018, eating up about 21% of health-care spgndays the first analysis to estimate the futuedioal costs of
excess weight.

These calculations are based on the projectioriritidl years 43% of Americans adults may be obebich is
roughly 30 or more pounds over a healthy weighipisity continues to rise at the current ratetdEweight
increases the risk of diabetes, heart disease ang types of cancer.

This report comes as the country struggles toviagls to curb medical costs and Congress debatéh lbage
legislation.

"Obesity is going to be a leading driver in risimgalth-care costs,” says Kenneth Thorpe, chairméreo
department of health policy and management at Erdoiyersity in Atlanta. Thorpe did this special bysés on
obesity for America's Health Rankings, the 20thumhmssessment of the nation's health on a stastaly basis.



"There is a tsunami of chronic preventable disedmrit to be unleashed into our medical-care systbith is
increasingly unaffordable," says Reed Tuckson dfddinHealth Foundation, sponsor of the report Wit
American Public Health Association and PartnerghigPrevention.

Using weight data, Census statistics and mediqadmditure information, Thorpe found:

*An obese person will have an average of $8,3Ybedical bills a year in 2018 compared with $5,855ah adult
at a healthy weight. That's a difference of $2,460.

«If the percentage of obese adults doesn't changstéys at the current rate of 34%, then excesgghivevill cost
the nation about $198 billion by 2018.

«If the obesity rate continues to rise until 20ttf&&n Colorado may be the only state with less 8G# of residents
who are obese.

*More than 50% of the population in several statedd be obese by 2018: Oklahoma, Mississippi, Na,
Kentucky, Ohio and South Dakota.

The report adds to the growing body of evidencelgfsity's impact on medical costs. A study releasddly
showed that obese Americans cost the country &ielit billion in weight-related medical bills in 280double
what it was a decade ago. It now accounts for a®ddo of medical spending.

Overall, the United States spends about $1.80miléi year in medical costs associated with chrdisieases such as
diabetes, heart disease and cancer, and all thedimlkeed to smoking and obesity, the nation's lavgest risk
factors, according to the America's Health Rankimegert.

Smoking is still the No. 1 preventable cause otlid@athe country, accounting for about 440,000tkeannually,
the report says.

About one in five Americans smoke. More than 3imilpeople quit smoking this past year. The pesaganbf
people who smoke varies by state, from 9.3% in Wamnore than 25% in Kentucky, Indiana and WesgMia,
the study says.

"This report is an urgent call to take much morgragsive action to deal with key disease risk f&csoch as
obesity and smoking," Tuckson says.

Health economist Eric Finkelstein, co-author of Hadtening of America, says medical costs wontlgen unless
Americans make a serious effort "to slim down bypiaving their diet and exercise patterns."

For the full report, go to www.americashealthragsiiorg

http://www.sciencedirect.com/science?_ob=Article BRudi=B6WN2-4WVK2MW-
1& user=10& coverDate=12%2F31%2F2009& rdoc=1& fmtegig=search& sort=d& docanchor=&view=c&
_acct=C000050221& version=1&_urlVersion=0&_useri&ind5=f18e4d19f3e7d8f734337182b65f1256
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Post herpetic neuralgia, schwann cell activation ahvitamin D
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ESSENCE OF ARTICLE

“High dose topical vitamin D would appear to offarticular promise because vitamin D has thetgtidi both
reduce glial inflammation and reduce nitric oxideduction.”

ARTICLE
Summary

While the underlying pathophysiology of herpes epgtfection has been well characterised, manyef t
mechanisms relating to the subsequent developniigrutsd herpetic neuralgia (PHN) remain uncertaime dorsal
horn atrophy and reduction in skin innervation seelRHN patients does not adequately explain méinical
features or the efficacy of a number of topicahtneents. In the central nervous system the gleir thceptors and
their secreted signalling factors are now knowhawe a major influence on neural function. In teegheral
nervous system, schwann cell activation in resptm&gfection and trauma releases a number of rexgitatory
substances. Activation of the nervi nervorum ingbeipheral nervous system also leads to the eletsalcitonin
gene related peptide, substance P and nitric oSidewann cell and/or nervi nervorum activation ddug an
additional mechanism of pain generation in PHN.FSaiparadigm shift would mean that drugs useftihén
treatment of glial cell activation such as naloxamatrexone, minocycline, pentoxifyllline, propefyiline, AvV411
(ibudilast) and interleukin 10 could be useful IHN?. These drugs could be used systemically or éwgically.
High dose topical vitamin D would appear to offarticular promise because vitamin D has the alititpoth
reduce glial inflammation and reduce nitric oxideguction.

Tel.: +64 9 631 0475; fax: +64 9 631 0478.
Medical Hypotheses

Volume 73, Issue 6, December 2009, Pages 927-929
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Metabolic Effects of Dark Chocolate Consumption orEnergy, Gut Microbiota, and Stress-Related
Metabolism in Free-Living Subjects

ESSENCE OF ARTICLE



“Dietary preferences influence basal human metaboénd gut microbiome activity that in turn may &éwng-
term health consequences. The present study rapertaetabolic responses of free living subjecis daily
consumption of 40 g of dark chocolate for up tadd¥s. A clinical trial was performed on a populataf 30 human
subjects, who were classified in low and high atyximits using validated psychological questionesi Biological
fluids (urine and blood plasma) were collected niyi3 test days at the beginning, midtime and aetiteof a 2
week study. NMR and MS-based metabonomics were@mglto study global changes in metabolism dubedo t
chocolate consumption. Human subjects with higheredy trait showed a distinct metabolic profilelicative of a
different energy homeostasis (lactate, citratecisiate, trans-aconitate, urea, proline), hormonratafolism
(adrenaline, DOPA, 3-methoxy-tyrosine) and gut wiiial activity (methylamines, p-cresol sulfate, fhipate).
Dark chocolate reduced the urinary excretion ofstiness hormone cortisol and catecholamines arigipar
normalized stress-related differences in energybwdism (glycine, citrate, trans-aconitate, pralw@lanine) and
gut microbial activities (hippurate and p-cresdfate). The study provides strong evidence thatifyd
consumption of 40 g of dark chocolate during agekof 2 weeks is sufficient to modify the metabwlief free
living and healthy human subjects, as per variadibiooth host and gut microbial metabolism.”

ARTICLE
Abstract

Francois-Pierre J. Martint], Serge Rezzit1, EferaTrepatt, Beate Kamlaget, Sebastiano ColliBdgar
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Abstract



Dietary preferences influence basal human metsinadind gut microbiome activity that in turn may édang-term
health consequences. The present study reporisdtabolic responses of free living subjects toiyyda
consumption of 40 g of dark chocolate for up taddgs. A clinical trial was performed on a populataf 30 human
subjects, who were classified in low and high atyxmits using validated psychological questionesi Biological
fluids (urine and blood plasma) were collected niyi3 test days at the beginning, midtime and aetiteof a 2
week study. NMR and MS-based metabonomics were@maglto study global changes in metabolism dubedo t
chocolate consumption. Human subjects with higheredy trait showed a distinct metabolic profileicative of a
different energy homeostasis (lactate, citratecisiate, trans-aconitate, urea, proline), hormonratafolism
(adrenaline, DOPA, 3-methoxy-tyrosine) and gut wiiial activity (methylamines, p-cresol sulfate, fhipate).
Dark chocolate reduced the urinary excretion ofstiness hormone cortisol and catecholamines arigipar
normalized stress-related differences in energybwdism (glycine, citrate, trans-aconitate, pralw@lanine) and
gut microbial activities (hippurate and p-cresdfate). The study provides strong evidence thatifyd
consumption of 40 g of dark chocolate during agekof 2 weeks is sufficient to modify the metabwlief free
living and healthy human subjects, as per variadibipoth host and gut microbial metabolism.

Metabolic phenotype of mammals results from the lwoation of multiple genetic, environmental andisoualtural
determinants.(1, 2) In man, dietary preferencésstlyle and genetics influence individual metabphenotype, and
therefore determine health status and the liketihoodevelop diseases.(3) Variations in the diepatyern affect
the metabolism of humans via the key entry poifiggub microbiota.(4) Therefore, there is clearlgeed to
understand human metabolism at the system levhlemitphasis on the expression of both host and geatames,
environmental and lifestyle factors to meet th@ndte goal of providing better health and wellbeivith nutrition.
Although predominantly cultural in origin, dietgpyeferences also result from multiple biologicall éehavioral
processes, which integrate satiety, psychologiestgption and metabolic effects of foods.(5) Weehacently
described how dietary preferences can be assoaiatiedpecific signatures in the metabolic phenetypf healthy
humans, with a metabolic signature based on a ratdalof host and gut microbial metabolism.(3)

Perhaps one of the greatest challenges in modéritioruis to interrogate and classify the criticaétabolic
interactions between the complex food matrices—aioirtg a wide range of biologically active composreand
human system metabolism and to understand therimaliverse human disease processes. The sheptesty of
a food matrix, such as dark chocolate, may determitarge variety of effects on the metabolism. Wstudies
have indeed demonstrated the potential health @afdins of dark chocolate constituents, but raasla whole
product. For instance, cocoa is rich in flavonomaijnly flavan-3-ols (epicatechin, catechin andrtbiégomers),
which were associated with benefits on cardiovasdutalth by maintaining low blood pressure, imprgv
endothelial function, and by reducing thrombotatst oxidative and inflammatory states.(6, 7) Biseff cocoa on
improvement of insulin sensitivity and glucose talece were also reported.(8, 9) Other biochemicaitive
molecules naturally occurring in chocolate inclakieobromine, a bitter alkaloid also known to redbioed
pressure, phenylethylamine, a monoamine alkaloidlwban act as neurotransmitter, and N-oleoyl-dnd
linoleoyl-ethanolamine that slow the rate of ananiie breakdown, a brain neurotransmitter.(10, i8ré&fore, if
there is growing evidence on the health benefés@ated with chocolate, mechanisms of action otolate
bioactive components at the molecular levels amlpanderstood. This is particularly the caseldenefits related
to brain health and improvement of stress stategevhnly symptomatic data, such as brain blood,flne
available.(12)

In the present study, we have sought to captutelmbview of the metabolic changes associated gliticolate
consumption in healthy and free living men and womsing metabonomics. Nutrimetabonomics providegstem
approach to assess systemic metabolic statusioflasidual, which encapsulates information on genand
environmental factors,(1, 13) gut microbiota a¢yi\il4, 15) lifestyle(16) and food habits.(3) Henes have used
proton nuclear magnetic resonance (1H NMR) spexdmsand mass spectrometry (MS) as complementary
analytical platforms for monitoring metabolic chasgssociated with a daily intake of 40 g of ddmcolate over a



period of 2 weeks in the urine and blood plasmaindividuals classified according to their seforted anxiety
trait. We describe the metabolic variations indulbgdlark chocolate and discuss their associatitm efianges in
energy homeostasis, gut microbial activity andrtigabolism associated with stress.

Recruitment of Volunteers

This study was conducted by TNO Quality of Lifejst€The Netherlands) in accordance with the etlpcaciples
of Good Clinical Practice and the Declaration ofditéi. The protocol was approved by the Medicdli&s
Committee METOPP (Medisch-Ethische Toetsing Ondst#ati nten en Proefpersonen/medical ethics regfew
research with patients and test subjects) on 8p2006 (The Netherlands). A total of 30 subjettsrhales, 19
females) were enrolled in the study and gave writtdormed consent (Table 1). The study was desigisea
randomized (by age, gender, anxiety trait), paradigen study. The inclusion of the volunteers @easided upon
medical history, age (18-35 years), body mass iffB&&d, 18-25 kgem-2), and blood clinical analys@aile 1).
The exclusion criteria included psychiatric, metay@ndocrine, gastrointestinal and eating behadisorders. In
addition, smoking, use of medication that may ieflce appetite and/or sensory functioning, pregnaegprted
slimming or medically prescribed diet, reportedxpiained weight loss or gain in the month priothe screening,
alcohol consumption superior to, respectively, @d a8 units per week for females and males wereailsasidered
as exclusion criteria.

Clinical Trial

Participants were asked to avoid consumption o€clate or chocolate containing products during @& run-in
period. The nutritional intervention lasted 2 weelkth a daily intake of 40 g of commercially avédla dark
chocolate (Noir Intense, 74% cocoa solids, Nesii.day 1 (preintervention) and days 8 and 15 {jp@stention),
fasting blood plasma and morning spot urine samptae collected. A daily amount of 40 g of dark cblate was
consumed twice per day as a midmorning and a neidefon snack (20 g each). Participants were divigeithto
either high or low anxiety trait subgroup accordiodhe evaluation of their dispositional stresaissessed by
scoring on the anxiety trait scale of the StateitTaxiety Inventory (STAI) test.(17) The STAI iké definitive
instrument for measuring anxiety in adults thatdledifferentiates between the temporary conditbfianxiety
state” and the more general and long-standingstatanxiety trait. The STAI scores from 70 to 7@l drom 42 to
64 described low and high anxiety trait, respetyiy@able 1). The study included 4 high and 7 lawiaty trait
males, and 9 high and 10 low anxiety trait femélezble 1). Metabolic data from subjects having regbadverse
events, such as nausea, vomiting, or diarrheadstsiD 6, 15, 17, and 44) were excluded from thgstical
analysis to avoid introduction of biases in thafioutcome of the study.

1H NMR Analysis of Plasma and Urine Samples

Plasma samples (494) were introduced into 5 mm NMR tubes with pb of deuterium oxide (D20) used as
locking substance. Urine samples (520 were adjusted to pH 6.8 using 100 of a deuterated phosphate buffer
solution (KH2PO4, final concentration of 0.2 M) ¢aiming 1 mM of sodium 3-(trimethylsilyl)-[2,2,3,3H4]-1-
propionate (TSP) into a 5 mm NMR tube.

Metabolic profiles were measured at 300 K on a Brukvance Il 600 MHz spectrometer equipped withrar
inverse probe (Bruker Biospin, Rheinstetten, Geyhanhree types of 1H NMR spectra were registecgcefich
blood plasma sample, including a standard 1H detegtith water suppression, a Carr—Purcell-MeiboGit-
spin—echo with water suppression and a diffusiciteddpulse sequences, as reported previously.(8)stdndard
spectra were acquired with a relaxation delay sfasd a mixing time of 100 ms. CPMG spin—-echo spegtre
measured using a spin—echo loop time of 19.2 msaawthxation delay of 4 s. Diffusion-editing spacivere
obtained using a relaxation delay of 1 s, pulseld fgradients set at 46.8 Gecm-1, and a diffusielaydof 120 ms



during which the molecules are allowed to diffudeine spectra were acquired using the standardesegy with a
relaxation delay of 2.5 s and a mixing time of 108

For each sample, 32 (plasma) and 256 (urine) fredecition decays (FIDs) were collected into 64 Kadatints

using a spectral width of 12019.2 Hz, correspondingn acquisition time of 2.7 s. Prior to Foutir@nsformation,
FIDs were multiplied by an exponential weightingétion corresponding to a line broadening of 0.3($tandard
and CPMG spectra) and of 1 Hz (diffusion-editedc@d. The acquired NMR spectra were manually abeckfor
phase and baseline distortions, and referencduetohtemical shift ofi-glucose ab 5.236 for plasma and of TSP at
8 0.0 for urine using the TOPSPIN (version 2.1, BruRiospin, Rheinstetten, Germany) software package

The metabolite identification was achieved usiteréture data,(18) and confirmed by 2D 1H NMR smsciopy
experiments performed on selected samples.

Mass Spectrometric Analysis of Plasma and Urinesasn

For mass spectrometry-based metabolite profilirajyses, proteins were removed from plasma and sangles
by precipitation. Subsequently, two nonpolar and palar fractions were separated for GC-MS and LEAMIS
analysis, respectively, by adding water and a méaf ethanol and dichloromethane. For GC-MS ains|yise
nonpolar fraction was treated with methanol undédia conditions to yield the fatty acid methyl est Both
fractions were further derivatized with O-methyldngxyamine hydrochloride and pyridine to converb-@toups
to O-methyl-oximes and subsequently with a silylgtagent before analysis.(19) In LC-MS analysish@actions
were reconstituted in appropriate solvent mixtuki3LC was performed by gradient elution using
methanol/water/formic acid on reversed phase s@pareolumns. Mass spectrometric detection tectmolshich
allows target and high sensitivity MRM (Multiple &gion Monitoring) profiling was performed in pdedlito a full
screen analysis. In the case of urine analysibptometric creatinine analysis according to Jaéfswerformed
prior to polar MS analysis and samples dilutecheogame creatinine concentration.(20) The polatitma was
applied to each of the systems. For GC-MS and LGM&Sprofiling, data were normalized to the medidén o
reference samples which were derived from a poallgiretreatment samples (Day 1) to account ftarirand
intrainstrumental variation. Steroids, catecholasiand their metabolites were measured by onlifte ISP
MS/MS (Solid phase extraction-LC-MS/MS).(21) In tese of urine samples, conjugated derivativeseobisls
were enzymatically cleaved prior to analyses usibgta-glucuronidase [EC 3.2.1.31] and an arylad&[EC
3.1.6.1] from Helix pomatia. For plasma measuresyeatisolute quantification was performed by medissable
isotope-labeled standards. The analyses of coitiguhsma as well as catecholamines and stemidgne were
performed by normalization to pool levels as déxatifor profiling.

Chemometrics

NMR data was converted into 22 K data points olerrange 0§ 0.2-10.0 and imported into MATLAB
environment (The MathWorks, Inc., Natick, MA). Ipelation of all the spectra to the same chemikt s
followed by zeroing the intensity values of the evgieak frond 4.68 to 5.10 was performed. The NMR spectra
were normalized to a constant total sum of allrieiges within the specified range and autoscatéut o
multivariate data analyses (MVA). MS data were ralined to the median of pooled samples and auteddzdfore
MVA.

Principal components analysis (PCA)(22) was fissfgrmed to visualize the global variance of theadsts and to
pinpoint outliers. PCA is an important tool for waizing data structures and one of the most aghplimmensionality
reduction methods. The aim of PCA is to repredemitiginal data (X) by a set of new orthogonalalales so-
called principal components (PCs) which are lirmanbinations of the original variables. Becauseetkteacted
PCs maximize the data variance, PCA is sensitithdgresence of outliers. The data matrix X isodgmosed to a
score matrix U and a loading matrix V, plus an ematrix E. The elements of the loadings give infation about



the contribution of the original variables (NMRMS) to each PC and the elements of the scoresg®ovi
information about metabolic similarities and disianities between samples.

Partial Least Squares (PLS) and Orthogonal PLSI(S)®iscriminant analyses (PLS-DA and O-PLS-DA) ever
also applied for detailed classification purpos¥®.(n PLS-DA, a dependent variable y is modelddgiatent
variables, maximizing the covariance between X (NMRGC/LC-MS data) and y. Variable y is a binargtee
with value O for one class and value 1 for the ot&ss under study; in this paper, y is relatetine- and anxiety
trait-dependent metabolic variations after darkodhate supplementation.

In particular, O-PLS-DA, which is a modification BLS, separates the systematic variation in X twtmparts, one
linearly related to y and representing the betwaass variation, and another one orthogonal todyrepresenting
the within class variation. In other words, it pides a way to filter out metabolic information (NMR GC/LC-MS
data) that is not correlated to the predefinedselagtime, anxiety trait). The robustness of dtatismodels was
assessed using the standard 7-fold cross validat&ihod. Validity of the model against overfittimgs determined
by computing the total explained variance of X &r&®2(X), R2(Y)) and the cross-validated predictalslity
(Q2(Y)) values of the models as reported in TaBlasnd 3. Negative or very low values of the Q2(\itate that
no statistically significant differences were olvset. Influential variables that are correlatedi® group separation
are identified using the variable coefficients adaag to a previously published method.(24) S-plas used to
visualize the variable influence in the MS data gled25) In addition, a Student’s t test with gohal of 0.05 was
performed on GC/LC-MS variables and one represeetAIMR signal areas representative of influential
metabolites.

Chemometric analysis was performed using the SIMBA(version 12.0, Umetrics AB, Umed, Sweden) safwa
package and in-house developed MATLAB routines.

NMR and MS Metabolic Profiling of Blood Plasma dddne

A wide range of amino and organic acids, ketonddsycdugars, osmolytes, saturated and unsatuiatgdtids
and triglycerides were detected using 1H NMR spsctwpy and GC/LC-MS analysis of blood plasma. Holis
NMR plasma profiles dominated by low molecular wtigomponents (CPMG spectra) and macromolecules
(diffusion-edited spectra) were complemented bylGEMS semiquantitative measures of 148 targeted
metabolites. Similarly, the 1H NMR urine profileshibited a set of resonances arising from major foslecular
weight molecules, such as ketone bodies, orgaits.aamino acids, and aromatic metabolites werepteted with
157 targeted metabolites measured with LC-MS.

Overview of Metabolic Variations by PCA

PCA was first applied to assess the inherent siityilaf the urine and plasma metabolic profilesngs# PCs. For
urine, PC1-4 explained, respectively, 12, 7, 6, 3%dof the total variance present in the NMR daiz &7, 8, 7,
and 6% in the MS data (Supplementary Figure 1ATBE urine samples from the subject 21 were reméread the
statistical analysis due to a statistically domirdilution effects in the NMR profile. For plasnfaC1-4 explained
23.9, 8.7, 5.3, and 4.5% of the total variancepeesvely, in the NMR data and 13.8, 9.0, 6.5, &r§% in the MS
data (Supplementary Figure 1C,D). PCA highlighteat interindividual variability of the metabolicgdiles of
urine and plasma tended to be greater than intxaghchl variations (Supplementary Figure 1). Anadysf NMR-
derived models revealed that interindividual diéieces were associated with variations in the wyitevels of
creatinine, trimethylamine-N-oxide (TMAO), hippueatitrate, and lactate, and plasma compositidipaproteins,
lipids, phosphocholine and glucose. Investigatiminthe MS-derived models indicated that the maurse of
metabolic variations between subjects was dueado@és in the urinary excretion of xylose, lactgtgcerate,
lysine and 4-dihydroxyhippurate, and plasma corrediohs of serotonine, corticosterone, 3,4-



hydroxyphenylacetate, and homovanillate. Interpi@teof the PCA scores plot did not reveal anyrdistion of
the samples according to age, time, BMI and sglbried anxiety. However, a separation trend dugetaler
differences could be observed and was particutadyked in MS urinary data along the second PC.

Additional investigations were performed using OSPDA to maximize the separation between the grafips
samples (high and low anxiety trait or time of séagwllection) and identify class-specific metabesdi(Tables 2
and 3).

Daily Consumption of Dark Chocolate Induces a SjeMetabolic Signature

Supervised chemometric analyses of the urine NMIRMS8 data revealed statistically significant timepdndent
changes, as noted by the positive value of the hprddictability parameter Q2(Y). Interpretationtbé urine O-
PLS-DA scores plots (Figures 1 and 2) and modedri#srs (Table 2) indicated that a 1 week daikake of dark
chocolate by free living subjects is reflectedtia metabolic profiles as assessed by NMR spectpysdde
metabolic changes became even more significant 2fieeeks of consumption, as observed by the greatee of
Q2(Y) value and a clearer separation of the twaigsaof samples in the scores plot (Table 2, Figlirasd 2).
Interpretation of the corresponding O-PLS-DA caréfints plots indicated that, after 1 week, choeotatnsumption
resulted in increased levels of 4-hydroxyphenykageand several unassigned metabolites giving eesas ab
7.85 (s), 8.03 (s), 8.22 (s), 3.0 (s), 3.39 (Y13m) and 3.53(s) (Table 4, Figure 1). These nwi@bhanges were
associated with downward trends in creatinine,@ndnassigned aromatic metabolite giving resonaaideg.51
(m) and 7.70 (m). Comparison of samples obtaindzhs¢line and after 2 weeks of treatment revealeater
metabolic changes in both endogenous and gut marotetabolism. In particular, after 2 weeks of chiate
consumption, these metabolic changes were maintaing were associated with additional decreaseddef
phenylacetylglutamine and p-cresol sulfate (Table 4

Intriguingly, MS-based metabolic profiling showetht chocolate-induced metabolic effects were sizdity
significant only in subjects with inherent high &ty trait (Tables 2 and 4). Interpretation of thadings plot
showed that chocolate consumption was associathddecreased levels of normetanephrine, adrenaline,
corticosterone, noradrenaline, progesterone, leyciortisol and asparagine, and an increase obgi46-
phosphate, cystine and threonic acid (Figure 2)litkahal analyses of the urinary NMR data indicatieat the
effects of dark chocolate consumption on urinargreton of aromatic compounds were similar in butth and
low anxiety trait subjects (Tables 2 and 4).

Additional chemometric analyses of blood plasmaatnelic profiles did not reveal statistically sigo#nt effects of
dark chocolate over the time as assessed by NMRSofTable 2).

Anxiety Trait is Associated with a Specific Humaretdbolic Signature

Chemometric analysis of urinary NMR and MS profilegealed significant compositional changes assetiaith
self-reported anxiety trait (Table 3, Figures 3 dpd~or NMR data, analysis of the coefficientstplimdicated that
subjects with a higher anxiety trait were charazger with higher urinary excretion of hippurateyahe, citrate,

and lower levels of methyl-succinate, trans-act@jtand a series of unassigned signals, most ldétyng from a
polyol, and a signal @& 1.24 (Table 5, Figure 3). These metabolic chamg®e also associated with trends toward
higher urine levels of succinate, lactate and uaad,trends toward lower urinary excretion of triinygamine

(TMA), and p-cresol sulfate (Table 5).



For MS data, high anxiety trait subjects showedh&igurinary concentrations of glycine, 3-methoxgsine, -
alanine, proline, 3,4-dihydroxyphenylalanine (DOP&drenaline, an upward trend of lactate, and ldexezls of p-
cresol sulfate, aconitate, and a downward treratabitol when compared to low anxiety trait indivédis (Table 5,
Figure 4). Structure annotation of p-cresol sulfattabolite is based on strong analytical evidénombinations of
chromatography, MS, chemical reactions, deuterialbeling, database and literature search, compaitgson
similar’fhomologue/isomeric reference compounds).

Analysis of the blood plasma NMR and MS profilegeal subtle but significant anxiety trait relatedtabolic
differences at the baseline and after 2 weeksetfdi intervention (Table 3). Interpretation of teIR coefficients
plots indicated that high anxiety subjects tenaekave a relative higher level of choline, and Iow@ncentrations
of glycine and glutamine compared to low anxieyiwiduals (Table 5). In addition, after 2 weekdreatment,
high anxiety trait individuals showed increasedaanirations of glutamate and choline, and decrelesets of
acetate in plasma (Table 5). Analysis of the Sspitgtrived from MS data analysis showed increasesldef
lycopene angt-carotene in high anxiety trait subjects at baseland the higher plasma concentratiofi-oarotene
was still observed after 2 weeks of treatment W@tk chocolate (Table 5). Moreover, at 2 weeks-fresttment,
subjects with a high self-reported anxiety trasioashowed increased levels of normetanephrine €18bl

Effects of Dark Chocolate Consumption on AnxietaiT Related Metabolism

The anxiety trait-related metabolic differencesestied in urine were significantly reduced followih@gnd 2 weeks
intervention with dark chocolate, as noted with lth@/negative value of the Q2(Y) parameter andlidiss of
statistically significant differences between theups (Tables 3 and 5). The NMR and MS signalsesponding to
the influential metabolites identified by chemornestiwere analyzed using a Student t test (Tabén8)displayed
using box-and-whiskers plots in order to explomrtchanges overtime (Figure 5). The changes gfurgte, p-
cresol sulfate, glycine, citrate, trans-aconitateline, DOPA, an@-alanine showed similar trends from high
anxiety trait individuals toward low anxiety tratibjects and further support a normalization ofrtigabolic
profiles (Table 5). Interestingly, anxiety traitat'ed metabolic signatures in blood plasma weretaaied over the
duration of the clinical trial, except for lycopefog which the difference was not significant fallmg the dietary
intervention. In addition, t tests were performextioe contrasts for the second ((t1 - tO)high ¥s-(t0)low) and
third time points ((t1 — tO)high vs (t1 - t0)low) assess the metabolic relationships between grirét and dark
chocolate consumption (Supplementary Table 1).r€balts validated significant relationships betweeariety trait
level, chocolate consumption and the urinary eimnetf 3-methoxytyrosine, adrenaline, glycine araths-
aconitate, as well as plasma levels of acetatep|Soentary Table 1).

Figure 5. Time-dependent metabolic differences/ben high and low anxiety trait individuals Compan of MS
signals of plasmf-carotene, urine p-cresol sulfate and glycine, ameé normalized intensities of representative
signals of hippurate, trans-aconitate, and cititaten 1H NMR urine metabolic profiles displayed uginox-and-
whisker plots. For metabolites identified by 1H NMPBectroscopy, data are presented as area norchalteasities
(a.u.) as follows: 1 x 10-2 a.u. for citrate, 10«4 a.u. for trans-aconitate and 1 x 10-1 a.uhiigpurate. Median
values are highlighted by dashed and solid linegtisical significance of differences with timedaanxiety trait
levels is reported in Tables 4 and 5.

In the present study, NMR- and MS-based metabotiilimg are shown as complementary techniquestwige a
comprehensive modeling of the biological resporisefeee living population to a daily consumpticindark
chocolate. The overview of urine and plasma metggpiofiles revealed that interindividual differas were
greater than intraindividual variations, which dttates the strong influence of lifestyle and giesain individual
metabolic phenotypes. Such metabolic variationseth& study of the metabolic effects of dark chatmin free-
living subjects difficult when using nonsupervisgtemometric methods. Here, metabonomics is apfi@éhpoint
modulation of the host and gut microbial metabolismesponse to daily consumption of dark chocoldth
emphasis on stress-associated metabolic changes.



Self-Reported Anxiety Trait is Associated with SifiedJrine and Plasma Metabolic Signatures

In the current experiment, individuals were classdifaccording to their dispositional stress asssgskby scoring
on the well-validated anxiety trait scale of that8tTrait Anxiety Inventory (STAI) test.(17) Theashometric
modeling of metabolite variations in relation toamty trait levels revealed different physiologigaibcesses in the
absence of a specific nutritional intervention. @thhave provided evidence that chronic and atrgessmay
contribute to the disruption of metabolic homedsteand subsequently to individual susceptibiliydiseases.(26)
In particular, the individual response to chrortiess is tightly connected to the hypothalamicitaty-adrenal
metabolic axis and the sympathoadrenal system@2v pobservations described systemic changes indmain
metabolism of high anxiety trait individuals whemmapared to low anxiety trait subjects, as obsebyeMS with a
higher urinary excretion of adrenaline, DOPA anah&hoxytyrosine, two intermediates in dopamine Isgsis.(28)
The first step in the catecholamine metabolisrhéshtydroxylation of the amino acid tyrosine to DQB4 the rate-
limiting enzyme in catecholamine biosynthesis timedydroxylase. DOPA is then decarboxylated toasoipe
which is the direct precursor to noradrenaline adinaline. It is well-described that physical amehtal stress
simulates the release of adrenaline via the syrefiathervous system and synthesis of the adreriootidpic
hormone that enhances the activity of specific eves;, including tyrosine hydroxylase.(29) Therefone,
concomitant increased urinary levels of DOPA, 3fiogy-tyrosine and adrenaline highlight a greatetisgsis of
catecholamines in subjects stratified with highiatyxtrait, with inferred effects on energy metabwi.(27)

The results obtained by NMR and MS also demonstratieinctional relationship between anxiety traitdls and
several pathways involving the tricarboxylic acigtle (citrate, succinate, aconitate), gluconeodeetthways
(lactate), urea cycle (urea, proline), and protectgainst oxidative stress (plasma concentratbhgopene and
B-carotene). In particular, the anticorrelated waiaof citrate and trans-acotinate suggested mhdit variations in
renal tubular pH and aconitase activity.(30) Therefthe observed metabolic changes were consistinthe
stress-mediated modulation of gluconeogenesis tegckalamines.(27) Moreover, NMR-based metabolidilorg
of urine showed that high anxiety trait individutdsded to have lower urinary concentrations of@is| including
arabitol an intermediate in the pentose and glute@metabolism, which may also reflect a modutatibenergy
metabolism as a function of dispositional stress.

Nowadays, there is strong evidence that life stirpsicts directly on gastrointestinal function miraals and
humans via modulation of key physiological paramsgteuch as intestinal permeability and secretr@hralease of
biological mediators.(31, 32) Changes of gastrsiimal functional ecology are intimately linkedgat microbial
populations and activities,(33) and abnormal mimtabcomposition is often observed in the developnoé
irritable bowel syndromes.(34) Urine of mammalstears many polar cometabolites resulting from gidrobial-
mammalian metabolic interactions.(1, 35) Therefaretabolic monitoring of urinary excretion of maarpmatic
compounds (e.g., phenolics, indoles and benzowatéres), methylamines, short chain fatty acidd dreir
hydroxylation products provides indirect informattion the gut microbial metabolic activities.(36) &or instance,
multivariate statistical modeling of urine and hdgglasma indicated a modulation of choline metamojithat is,
high circulating levels of plasma choline and losnary excretion of trimethylamine, coprocessedhsy gut
microbiota from dietary compounds containing chel{87) Moreover, differences in anxiety trait ls/alere
associated with differential urinary excretion e¢qesol sulfate and hippurate. These changes tefletifferent gut
microbial metabolism of aromatic amino acids.(18), Gertain aromatic compounds, such as benzoate and
phenylacetate, that can be coprocessed by theigtdbiota are well-characterized glycine and glutsnevel
reducing agents.(38, 39) Both NMR- and MS-baseahbwdite profiling of urine revealed relatively high
excretion of glycine in high anxiety trait individis, with inferred relationships with amino acitkeirtonversion,
and benzoate metabolism. Additional blood plasmtab@dic variations at baseline and at the end eftidy, that
is, reduction of circulating levels of plasma ghyeiand glutamine/glutamate, may be functionallgtesl to changes
of benzoate and phenylacetate metabolism in responsacterial processing of dark chocolate.



The Biological Response of Free Living Subjecta aily Consumption of Dark Chocolate was Dependent
Self-Reported Anxiety Trait

The metabolic response to chocolate interventiahénwhole cohort revealed that a daily intakearkdchocolate
resulted in subtle and cumulative metabolic effecishe urinary excretion of gut microbial cometitbe over a 2
weeks period. Increased levels of 4-hydroxyphemtite and decreased content of phenylacetylglugarid p-
cresol sulfate reflected the adaptation of gut ali@ta to process dark chocolate content and iigeaingredients,
such as phenylethylamine, N-oleoyl- and N-linoleetianolamine, theobromine, flavonoids (epicateataechin
and their oligomers).(36, 37, 40) In particulainary excretion of 4-hydroxyphenylacetate and hippaiwas
previously ascribed to intake of polyphenols-ricbducts such as chocolate.(41) These observatrertherefore
complementary to our preliminary investigationsradtabolic signatures associated to chocolate gliétits.(3)

Our observations indicated that the metabolic ihp&a daily intake of dark chocolate was strondgypendent on
the dispositional stress state of the individuassnoted with statistically significant metabolfteets only in
subjects with inherent high anxiety trait. Consuimpbf dark chocolate resulted in the decreasbefdvels of
catecholamines (adrenaline, noradrenaline, norraptaime), corticosterone, and the stress hormoresgbin the
urine from subjects with high dispositional streShronic stress is correlated with increases ssthormones
cortisol and catecholamines,(42-45) and our resulggest potential beneficial implications of daehlocolate
consumption for reduction of mental and/or physste¢ss and improvement of the metabolic respanstéss.
Moreover, the anxiety trait-related metabolic diffieces observed in urine (e.g., levels of hippumeresol sulfate,
glycine, citrate, trans-aconitate, proline, DOPAd f-alanine) tended to be normalized toward the leobierved
in low anxiety trait subjects, whereas metabolgmatures in blood plasma were maintained over tinatidn of the
clinical trial. Therefore, our observations provddedditional evidence that consumption of dark ctete may
beneficially impact on stress-associated metabadismobserved through a partial normalization afsstirelated
differences in energy metabolism and gut microadivities.

Our study in free living and healthy humans demmaiss a link between metabolic phenotype of indiald and
specific dietary patterns. The current observatgirengly support the idea that specific foods iotga human
metabolism through the modulation of gut microkictivities. The daily consumption of dark chocolagsulted in
a significant modification of the metabolism of lieg and free living human volunteers with potehlisng-term
consequences on human health within only 2 weeldrtrent. This was observable through the reductidevels
of stress-associated hormones and normalizatitimeafystemic stress metabolic signatures. Therefalsle
changes in dietary habits are likely to modulatertietabolic status of free-living individuals timaight be
associated with long-term health consequencesriicplar via the activity of the symbiotic bactdrpartners.

Abbreviations:

CPMG, Carr—Purcell-Meiboom-Gill; MS, mass spectrame\NMR, nuclear magnetic resonance; O-PLS-DA,
orthogonal projection to latent structure discriamhanalysis; PCA, principal component analysisSA,
projection to latent structure discriminant anaysi
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Byline: The Dallas Morning News
This is your brain on bonbons:

New research suggests that chocolate packs chamsicailar to the active ingredient also active pheceutical
ingredient (or API), is the substance in a drug th@harmaceutically active. Some medications o@yain more
than one active ingredient.

..... Click the link for more information. in mau@éna.
While this doesn't mean that M&Ms can deliver thes side effects

Effects of a proposed project on other parts offitine. as the illicit drug illicit drug Street dg, see there , the
compounds may "participate in the subjective fegiassociated with eating chocolate," sciergatsin a study
released today.

Not that chocolate was previously considered drag-fThe treat contains a respectable helpingfédina and
theobromine theesosbroemine

A bitter, colorless alkaloid found in chocolate guots and used as a diuretic, vasodilator, and argad stimulant.
theobromine

an alkaloid prepared from dried ripe seed of thpitral American tree , a cousin of caffeine. Butalate seems to
inspire a devotion that transcends the need faetBémulants, researchers observed in the joltatire.
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“There is something about chocolate that peoféeitiway beyond its texture, taste and smelid Baniele
Piomelli of the Neurosciences Institute The Neuiestes Institute is a nonprofit research institbte is focused
upon "high risk - high payoff" research designediszover the biological basis of higher-brain fiima in humans
and other animals. in San Diego San Diega (53 go), city (1990 pop. 1,110,549), seat of San Diego $dCalif.,
on San Diego Bay; inc. 1850. San Diego includesuttincorporated communities of La Jolla and Spkiagjey.
Coronado is across the bay. . Last year, for exajighericans on average ate more than 11 pouncisogblate
per person, a greater amount than any other caorfiecbnesfecstion

A sweetened medicinal compound. Also called elegtua

In the study, which may give new meaning to theamoof inhaling a candy bar, Piomelli and his catieies report
that chocolate contains three compounds calledatanaids Cannabinoids

The chemical compounds that are the active priasipl marijuana.

Mentioned in: Marijuana , the same class of sulzgtamesponsible for marijuana’s sense of euphdoaever,
studies with rat brain cells indicate that the Hegsvariety cannabinoids might only amplify the graty of natural
cannabinoids already present in the brain, slowlieg breakdown.

While not saying that the experiments are - sdieatly speaking - fudged, other researchers wardious about
the new work.

Just because the chemicals are present in the lelt®cmesn't mean they can survive the digestivegss, let alone
travel to the brain, said Bruce Stillings, senimevpresident of scientific affairs for the Chodeldanufacturers
Association.

“There have been many theories over the yeasahyt people love chocolate,” Stillings said. “fdaf them
have shown to be true."

There is also no evidence that chocolate's cano@lsimccur in high enough concentrations to mdsigogically,
or that they have the chemical stability to harapad in the body long enough to cause some phatogical



effect, said Michael Walker, a professor of psyolagland neuroscience at Brown University in Pronae R.I.,
who studies cannabinoids.

“While the findings from Piomelli's laboratory arery interesting, it would be premature to coneltdat eating
chocolate leads to anything like a marijuana higle,'said.

Piomelli, who describes himself as a “"moderateclate consumer," acknowledges these concerna.l@uqer
scale, he said he hopes this research will encewtiter scientists to examine deeper questions &bod
chemistry.

“ltis intriguing and important to understand wigople crave certain types of foods," he said.



