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AEATIO TYNOY
Kivéuvol ané to SiaketiAlo — texvntd dpwpa Boutipou

'H Evwon Katavahwtwv HpakAeiov Kpritng (ENKH KPHTHE) ruotr) otnv npdBeon tng va
EVNHEPWVEL e euotnpovikr akpifewa toug katavalwrée, abiadopuwvtag av autd Biyet
olkovopka fj Bopnyavikd cupdépovra, Siver otnv dnuoowdtnra ofuepa éva axpwe
avnouxntkd emotnuovikd ebpnua to onoio enefepydotnke n oupPoudevtiky yua v
aodpdhewa Twv tpodipwy opdda nc.

To SuaketoAwo (2,3 Boutavobidvn) elvar éva texvntd Gpwua Boutvpou nou npootiBetat
OTI§ OUOKEVUQOIEC MOT-KOPV yia GOUPVOUS HIKPOKUNATWY, OTIG Hapyapiveg al\d kal o
noMd dAha Swarpodikd mpoidvra yia va npoodwoet tnv PeudaioBnon yelong kau
pupwbiag dpéoxou Poutipou otoug katavahwtés. Mola epyootdow napaokevrig
tétowwv npoldviwv otnv Apepikry (H.N.A.) éxouv ién oraparroet va xpnowyonowovv 1o
ouvBeTkO Siaketoho eneldn éxel ouvbeBel pe PAABeg Tou NveELPOVA TWV ATOUWY OV
epyalovtal ota epyootaowa avtd [1]. Zopdwva pe to Centers for Disease Control and
Prevention twv H.N.A. axdpn kat olvropa xpovika Swactipata ékBeong oto SuaketvAo
uropouv va npokeviioouv Bapid anodpaktikr Bpoyxoditda (Bronchiolitis Obliterans),
pe npoiovoa nvevpovikr) BAaBn nou oe pepwol epyaldpevous katahryeL O pn
avaotpépn karactpodr) Twv nvevpdvwy kat Bavaro [2].

Ouwe Suotuyws undpyet avadopd nou yua npwrn dopd ouvbéetal n ovoia autr| pe
BAaBeq oe amAolg katavaAwtég kat Oyt povo oe enayyeApartieq otnv Biopnyavia
tpodluwy. MOA tov nepacpévo priva oe dikaotripo tou Kolopdvio exdikaotnke
anolnuiwon nepimou 7,2 ex. Sohapiwv o évav apepikavd molitn, o omnolog
katavdAwve nepinou SUo cakouddxia non-kopv kaBnuepwva yua 10 xpdwvia, ka énabe
ocoPapry PAGPn otoug mvevpoves mou anoddBnke otnv Ewnvory Tou TEXVNTOU
apwpatikol tou Boutlpou nou uRpXE oTn CuoKEvaoia Tou ron-kopv [3).

To Ujtnua AauPdver akdun mo avnouxnukés duaotrdoel; kabott véeg épeuveg tou
Navermotnuiov tng Mweodta [4, 5] deixvouv 6u to SaketbAo ennpedlel moAAég and
g Aettoupyieg nou adopolv v uyela tou eykeddhou pag, kat evdexopévwe eival pa
ovola nou oxetileral pe pnyaviopolg nou rpokalolv vooo tou Aktoxduwep. Oy povo

EN.K.H.-KpATng - AviméAewe 29, Hpdrheio, TnA.2810.240450, Fax.2810.240470
www.enkh-crete.gr & www.enkh.gr

uropet to Slaketoho va Suanepdoet tov apatoeykedakikd ppaypd, (o onoiog éxel oav
okond va kpatd Tig toflveq pakpld and tov eykédaio pag), aldd unopel eniong va
npokahéoel AavBaopévn mrywon twv npwteivov kat napaywyr maBoloykwv
npwteiviiv otov eykédalo, Onwe akpPwg napatnpeitar otnv voco Aktoxdwep. To
SiakeTiAlo avaotéAAel EKTOC TwV AAMwY Toug pnxaviopolg mou adpavonololv Tnv
emkivbuvn ovola B-apudoewdés (B-Amyloid) and tov eykédaro pag, n avinuévn
evanéBean tng onolag ouvbéetal pe T exdulloTikég eykedalondBeleg Onwe n vooog
AXToYGipED.

KivSuvo yia v vyela toug Suatpéyouv dueoa ol epyalopevol ot epyootdoia tpodipwv
Y. mapaywyr non-kopv nou extiBevial og VPNAEG CUYKEVIPWOELS TINTIKWY QEpLwY
apwpdtwy Bouttpou nou nepiéyouv to SaketvAo. Enayyedpatiksé kivbuvo Suwatpéyouv
kat oL oed ) payelpor nou enefepydovral papyapiveg kar dAha Anapd ta onola eivat
APWHATIONEVA TEXVIKWE HE v ouola autd. Aev elval nApuw tekunpupévo aut m
otyp av n katavadwon, and toug amdols katavahwtés, tpodipwy nou nepEyouy
SuaketvAo avéavel tov kivbuvo véoou Aktaxaipep 1 voowv tou nvevpova. Opwe to
newpapatikd edpnua 6t punopel va oupPaier otnv avamuén nhakwy touv eykedaiov
nou ouvbéovtar pe tn vooo tou Alzheimer akdun kat o MoAD YapunA£G OUYKEVIPWOELS
elvar efawpetkd avnouxnukd. ‘H Evwon Katavahwtwv Hpakkeiou Kpritng (ENKH
KPHTHZ) mpotiBetar olvropa va katabéoel oxetikd emwotnpovikéd ddakelo oe Gloug
toug appdbioug dopeic e mohueiag kat va Intioer mv Afdin oxETKWY pETPWV
npootaciag twv epyalopévwv kat twv katavodwtwv. Na dooug BfAouv va
evnuepwBolv nepattépw npoteivoupe va oupBoulsutolv v evéewtikr Bifwoypadia
nouv napartiBetat.

Biphoypadia
1. Flavoring-Related Lung Disease
http://www.cdc.gov/niosh/topics/flavorin

Flavoring-Related Lung Disease: Information for Healthcare Providers
http://www.cdc.gov/niosh/docs/2012-1 2012-148.

3. 'Popcorn Lung' Lawsuit Nets $7.2M Award - ABC News

headline:

b

4. More SS, Raza A, Vince R. "The butter flavorant, diacetyl, forms a covalent adduct
with 2-deoxyguanosine, uncoils DNA, and leads to cell death”. J Agric Food Chem.
2012 Mar 28;60(12):3311-7. Epub 2012 Mar 13.
http://pubs.acs.org/doi/abs/10.1021/jf300180e

5. More SS, Vartak AP, Vince R. "The Butter Flavorant, Diacetyl, Exacerbates B-
Amyloid Cytotoxicity” Chem Res Toxicol. 2012 Oct 15;25(10):2083-91. doi:
10.1021/tx3001016. Epub 2012 Jul 6.
http://pubs.acs.ora/doi/abs/10.1021/tx3001016
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e It was more than 80 years ago that European
chemists synthesized diacetyl from methyl
ethyl ketone.

e - The use of the artificial butter flavoring spread
rapidly.

e The first link to workers becoming ill from
possible exposure to diacetyl surfaced in the
mid-1980s.

e In 2000, Dr. Allen Parmet, a specialist in
occupational and aerospace medicine, began
diagnosing sick workers at a plant in Jasper,
Mo., which packaged microwave popcorn.

e By 2004, Drs. Kathleen Kreiss, Richard Kanwal
and other members of the NIOSH respiratory
field studies team had found workers in
popcorn plants in lowa, lllinois, Nebraska and
Indiana that also used diacetyl also were
suffering from severe respiratory disease.

http://en.wikipedia.org/wiki/Diacetyl#mediaviewer/File:Diacetyl-3D-balls.png




DIACETYL (Butanedione or 2,3-butanedione)

http://ntp.niehs.nih.gov/ntp/htdocs/chem_background/exsumpdf/artificial_butter_flavoring.pdf

CRITERIA FOR A RECOMMENDED STANDARD

i Occupational Exposure to Diacetyl
Chemical Information Review Document and 2,3-Pentanedione

for

Artificial Butter Flavoring

and Constituents
Diacetyl [CAS No. 431-03-8] and Acetoin [CAS No. 513-86-0]

Supporting Nomination for Toxicological Evaluation by the
National Toxicology Program

January 2007

Prepared for:
National Toxicology Program
National Institute of Environmental Health Sciences
National Institutes of Health
U.S Department of Health and Human Services

Research Trlangle Park. NC DEPARTMENT OF HEALTH AND HUMAN SERVICES

-1/ 1 ih o Centers for Disease Control and Prevention
hﬁp.. ; nl‘p.mehs_mh. = ov/ National Institute for Occupational Safety and Health

http://www.cdc.gov/niosh/docket/archive/pdfs/INIOSH-245/0245-081211-draftdocument.pdf




(7) UNITED STATES S Rsewan

DEPARTM ENT OF LABOR A to Z Index | En Espanol | Contact Us | FAQs | About OSHA
WORKER ALERT:

Diacetyl and Substitutes

Diacetyl is a chemical used to add flavor and aroma to food and other products. Workers who breathe diacetyl on
the job have become disabled or have died from severe lung disease. Some diacetyl substitutes may also cause
harm.”

=~ Worker Protection
i If you work with flavorings containing diacetyl or substitutes for
y diacetyl, your employer should:

Examples of FlavorsThat May Contain
Diacetyl and Substitutes

= Measure air in your workplace for flavorings exposure,
including air in your breathing zone (personal air
monitoring).

= Use engineering/work practice controls such as local
exhaust ventilation, isolating processes, and restricting
access to areas where diacetyl or its substitutes are used.

= Provide personal protective equipment (PPE) such as
respirators, gogagles, and gloves.

= Provide medical clearance for respirator use and provide
instructions and training in protective equipment care and
use.

= Refer workers for medical evaluation for symptoms of
coughing, breathing difficulty, or eye initation.

= Provide training on how you can protect your health,

s Dairy flavors (e.q., butter, cheese, yogurt flavors).

= “"Brown" flavors (e.g., caramel, butterscotch, brown
sugar).

s Other flavors (e.g., butter pecan, some fruit flavors).

Industries and Jobs Using Diacetyl and
Substitutes

s Flavor manufacturing plants.

= Plants where flavors containing diacetyl or substitutes are &
used, such as some makers of snack foods, baked goods,
and candy.

= Jobs at or near mixing, weighing, pouring, transferring,
or other handling of diacetyl or flavorings containing
diacetyl, espedially if heated.

= Cleaning and maintenance operations.

s Quality assurance and laboratory jobs.

Health Effects and Symptoms

= Breathing diacetyl can result in permanent lung damage, including a disabling and potentially fatal lung disease called bronchiolitis obliterans.

= Symptoms of flavoring-related lung disease include ongoing cough and shortness of breath. If you have either of these, ask your employer to send you to a
doctor for evaluation.

s Flavorings containing diacetyl may also burn the eyes, cause soreness in the nose and throat, and imitate the skin.

* Diacetyl substitutes that have not been proven to be safe include diacetyl trimer, 2,3 hexanedione, 2,3 heptanedione, and 2,3 pentanedione.



Advise Patients

Workers with flavoring-related lung disease should be
removed from further exposure and relocated within
the facility to areas where they will not be exposed to
diacetyl or similar flavoring chemicals.

Remind patients of the importance of:

« Using available exposure control methods such as
ventilation hoods.

¢ Keeping flavoring containers tightly closed when not
in use to prevent the contents from getting into the air.

¢ Reading and understanding labels on containers and
material safety data sheets for substances that they are
exposed to in the workplace.

» Wearing personal protective equipment as appropriate.

Encourage patients to talk to their supervisors about:

« Training on hazard identification, procedures for safe
handling of flavoring chemicals, and symptoms of
flavoring-related lung disease.

o Exposure control methods (e.g., ventilation, isolation)
and work practices (e.g., standard procedures for
cleaning the workplace and for handling and storing
flavoring chemicals).

« Wearing fit-tested respirators (protective breathing
equipment) and other personal protective equipment
(e.g., gloves, eye protection, aprons) to reduce exposures.

In addition to exposure control methods, use a NIOSH-
certified full-facepiece air-purifying respirator with at a
minimum NIOSH-certified organic vapor cartridges and
particulate cartridges/filters and other cartridges as necessary.

3. Report

Much remains to be learned about the nature of this serious
lung disease. You can play an important role. With your
assistance, the information gained from reporting can help
identify high-risk work settings and guide efforts to prevent
additional cases of flavoring-related lung disease.

/" Recognize v Respond + Report

Reporting of Cases

Please report any cases of occupational lung
disease with or without fixed airways obstruction
that you suspect are attributable to flavoring
chemicals to your State Health Department and
the NIOSH Division of Respiratory Disease Studies
(Telephone: 1-800-232-2114).

Additional Information ) %5 30100, ang gt
To learn more about the effects of flavorings: —

NIOSH Web site:
www.cdc.gov/niosh/topics/flavorings FI = R I t d
NIOSH [2003]. NIOSH Alert: Preventing Lung avorl ng- e a e

Disease in Workers Who Use or Make Fla

R =
[http://www.cdc.gov/niosh/docs/2004-110]. - L u ng D I sea se

NIOSH Information for Healthcare Providers

Telephone: 1-800-CDC-INFO (1-800-232-4636)
TTY: 1-888-232-6348 | E-mail: cdcinfo@cde.gov

or visit the NIOSH Web site at \W.'w.cdc.gm'/niusil Workers Who breathe ﬂavonng Chemlcals
For a monthly update on news at NIOSH, containing diacetyl, such as butter flavoring,

subscribe to NIOSH eNews by visiting may be at risk of severe obstructive
www.cdc.gov/niosh/eNews lung disease

DHHS (NIOSH) Publication No. 2012-148
(supersedes 2012-107)

May 2012

SAFER * HEALTHIER * PEOPLE™

DEPARTMENT OF HEALTH AND HUMAN SERVICES
Centers for Disease Control and Prevention
National Institute for Occupational Safety and Health



1. Recognize

Take an Occupational History

Take an occupational history to avoid missing exposures

to flavorings. Affected workers may have used flavoring
chemicals for a few months to a period of years. Ask your
patients about jobs held, exposure to flavoring chemicals
(and other dusts, mists, gases, vapors, or fumes), and if
other coworkers have experienced similar symptoms.
Sometimes workers are initially misdiagnosed with asthma,
chronic bronchitis, emphysema, or pneumonia; or their
symptoms are attributed to smoking.

What is the problem/illness?

Severe obstructive lung disease has been identified in
people who work with flavoring chemicals containing di-
acetyl, including butter flavoring. Animal studies suggest
that some flavoring chemicals similar to diacetyl, such as
2,3-pentanedione, may also be a hazard. Cases of severe
lung disease have occurred in microwave popcorn plants
and flavoring production plants. Lung biopsies in some
affected people have shown the presence of a rare condi-
tion; constrictive bronchiolitis obliterans (also referred
to as constrictive bronchiolitis, obliterative bronchioliti
and bronchiolitis obliterans). In some workers, fixed ai
ways obstruction has been severe enough to be fatal.

What is the problem/illness?

Who is at risk?

Workers who make, use, or work near flavoring chemica
containing diacetyl or 2,3-pentanedione may be at risk.
Settings where these exposures may occur include:

« Flavoring plants

« Microwave popcorn plants

« Commercial and retail bakeries

 Snack food and candy plants

« Dairy products and packaged vegetable oil plants
(e.g., margarine, cooking oil)

» Other flavored food production plants

Exposures in the flavoring industry and in microwave
popcorn production have caused workers to have severe
lung disease. The burden of hazardous exposures and risk
to workers in other settings remains unclear. However, it is
important to consider the possibility of flavoring-related
disease in workers who have been exposed to diacetyl or
similar flavoring chemicals and have respiratory symptoms.

denly. Work-related exposure to butter flavoring chemicals
might also lead to asthma or exacerbate pre-existing asthma.

Severe obstructive lung disease has been identified in
people who work with flavoring chemicals containing di-
acetyl, including butter flavoring. Animal studies suggest  fopacities.
that some flavoring chemicals similar to diacetyl, such as
2,3-pentanedione, may also be a hazard. Cases of severe
lung disease have occurred in microwave popcorn plants
and flavoring production plants. Lung biopsies in some
affected people have shown the presence of a rare condi-
tion; constrictive bronchiolitis obliterans (also referred
to as constrictive bronchiolitis. obliterative bronchiolitis
and bronchiolitis obliterans). In some workers, fixed air-
wavs obstruction has been severe enough to be fatal,

2. Respond

Conduct a Medical Evaluation

Medical testing may include the following:

¢ Spirometry most often shows an obstructive pattern
of ventilatory impairment that does not improve after
bronchodilators and sometimes shows a restrictive
or mixed obstructive/restrictive pattern of ventilator
impairment. Careful comparison of spirometry test
results over time is important to identify potentially
concerning declines in lung function. The rapid
decline of lung function (even if it is still within the
normal range) or the finding of a reduced forced
expiratory volume in 1 second (FEV1) should trigger
additional evaluation.

» Lung volume assessments are consistent with
hyperinflation.

e Carbon monoxide diffusing capacity measurement is
generally normal, especially early in the disease.

o Chest x-rays are usually normal but may show
hunecintlati

ion compulterized tomography scans of
nll inspiration and expiration often reveal
s air trapping on the expiratory view and
rate mosaic attenuation, bronchial wall
ylindric bronchiectasis, and/or scattered

s are not generally required for diagnosis,
al evidence of constrictive bronchiolitis
metimes the term clinical bronchiolitis
sed for patients who have medical
onsistent with the disease constrictive
obliterans but do not have confirmatory

dical Management

voring-related lung disease should be
ther exposure to diacetyl or similar
als. Removal from exposure does not
significant improvement, but the level
BMrOften stabilizes. No specific treatment has
been shown to reverse abnormalities in lung function.
Symptomatic therapy should be provided as appropriate.




Risk Assessment for diacetyl airborne
exposures based on human studies:
microwave popcorn workers

Robert M. Park
Stephen J. Gilbert
Christine W. Sofge




Background

* Occupational exposure to diacetyl associated
with severe obstructive lung disease,
bronchiolitis obliterans and decreased lung
function

* 2,3-pentanedione used as substitute




Background

diacetyl




Summary of risk assessment findings in range
0.05-0.001 ppm diacetyl

Method (per 1000)

BMD Life-table
Excess Prevalence Excess Lifetime Risk

Impairment

FEV, FEV,/FVC | Case onset
(<LLofN)  (<LLofN) | (definition 2)| Mortality

12.3 6.8 R 13.2
4.8 3.2 6.4 5.3
2.5 2.1 3.2 el
1.3 1.0 1.6 1.3
1.1 0.8 1.3 1.1
0.6 0.6 1.0 0.8
0.4 0.4 0.6 0.5
0.2 0.3 0.3 0.3

4 ©
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Diacety!

* NIOSH recommends that exposure to diacetyl
be kept below a concentration of 5 parts per
billion (ppb) as a time-weighted average
(TWA) during a 40-hour work week

* NIOSH recommends a short-term exposure
limit (STEL) for diacetyl of 25 ppb for a 15-
minute time period.

* NIOSH recommends an Action Level of
approximately one half the REL (2.6 ppb).
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Recommendation from the Scientific

Committee on Occupational Exposure Limits

for diacetyl

SCOEL/SUM/ 149
February 2010

Diacetyl showed some genotoxic and mutagenic potential in vitro, and evidence of
initiation/promotion activity was reported in rat stomach mucosa in vivo. A negative result
was however obtained in an in vivo mouse micronucleus test at levels of up to 500 mg/kg bw.
A single relatively short-term carcinogenicity study of limited validity provided equivocal
evidence of carcinogenicity. SCOEL considers that, although more information on these
aspects would be useful and is recommended, the available data on genotoxicity and
carcinogenicity of diacetyl are not sufficiently convincing to preclude establishment of an
Occupational Exposure Limit for diacetyl.

Considering the uncertainties in the ovoﬂoble database on dloce’fyl and on exposure to
butter flavourings, in particular regarding.d orrelc ion
with the onset of respiratory diseasefls
OEL has been derived from the conceniration range of 0.
ppm (personal sampling).

* ¥
*
B *

* *
LE R

European Commission



SCOEL Recommendation &y
on Diacetyl — June 2014

Employment, Social Affairs & Inclusion
SCOEL Recommendation on Diacetyl

m European
Commission

Recommendation from the
Scientific Committee on Occupational Exposure Limits
for Diacetyl

8-hour TWA: 0.02 ppm (0.07 mg/m?) TWA (time-weighted average)
STEL: 0.10 ppm (0.36 mg/m?3) STEL (short term exposure limit)
BLV: Not assigned

Additional categorisation: :

Notation: -




DIACETYL (Butanedione or 2,3-butanedione)

NIOSH Diacetyl REL Hearing slides

David Egilman MD, MPH
Clinical Associate Professor
Department of Family Medicine
Brown University
degilman@egilman.com

Hank Schilling BS works for Dr. Egilman

Dr. Egilman has served as a consultant at the request of workers exposed to diacetyl
who were seeking compensation for injuries in worker compensation and tort
lawsuits. He was not compensated for work or expenses related to this presentation

NIOSH Diacetyl TLV hearing slides Egilman

9/29/2011 & Schilling



Diacetyl in popcorn bags

5.00 | inlet ne
e Diacetyl levels from 4.00 +
opening one popcorn
bag remain above 3.00 +
£
background levels for S
over two minutes 2.00 +
1.00 +
I I 0.00
fﬂ’@% ggfb“'&rb"‘\qubrb%@ (Ob‘b‘ \b"’-’{&&’@&b&é{\q
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DIACETYL (Butanedione or 2,3-butanedione)

Known consumer cases of BO

Biopsy confirmed BO? | Smoking History | Consumption level

None 1-3 bags/day, 8 years
EK Yes None 3-5 bags/day, 8 years
(home) +

30 bags/weekend, 4 years
(work-related)

DD Yes None 2-3 bags/weekday, 7 years

AM Yes None 2-3 bags/day, 7 years



Diacetyl Litigation Update:
Consumer Pops Case, Prevails in Lawsuit

! Sep 20, 2012 5:59am

‘Popcorn Lung’ Lawsuit
Nets $7.2M Award

Eiuie 44k Rat) 2 80 e | =
:

ABC

http://abcnews.go.com/blogs/headlines/2012/09/popcorn-lung-lawsuit-nets-7-2m-award/
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Diacetyl (DA), an ubiquitous butter-flavoring agent, was found to influence several aspects of
amyloid-B (AB) aggregation—one of the two primary pathologies associated with Alzheimer's

disease. Thioflavin T fluorescence and circular dichroism spectroscopic measurements

revealed tha{ DA accelerates AB'%Z aggregation|into soluble and ultimately insoluble B-

pleated sheet structures. DA was found to covalently bind to Arg> of AB'42 through proteolytic
digestion-mass spectrometric experiments. These biophysical and chemical effects translated
into the potentiation of AB'4Z cytotoxicity by DA toward SH-SY5Y cells in culture. DA easily
traversed through a MDR1-MDCK cell monolayer, an in vitro model of the blood-brain barrier.

/Additionally, DA was found not only to be resistant to but also inhibitory toward glyoxalase D
the primary initiator of detoxification of amyloid-promoting reactive dicarbonyl species that
are generated naturally in large amounts by neuronal tissue. In light of the chronic exposure
of industry workers to DA, this study raises the troubling possibility of long-term neurological

\toxmty mediated by DA. Y,
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Testing For DIACETYL

~
There are hundreds of brands of butters, cooking @

oils, butter substitutes and sprays that use the g et A

artificial additive diacetyl to provide or enhance e | sty | e | CRSIRAT | ekt |
the flavor of butter. This chemical has been linked | e “Tguemees  piwne  cppgpmss gmoems | mpaoe
10. lung disease called RREREHENEEE ",':.",:179721719111191nmssss
There areno Safety Standards or regulations ‘“p"::;::':
regarding the inhilation of diacetyl. Thousands of | swibiepess: & 3 . ® W

professional cooks and chefs may breathe in (;OMMERCI ALLY USED I;RODUCTS _
toxic levels daily. The P-I spoke with marketing :
experts, grocery managers and cooks to collect a s V

list of the most popular product brands and had
those products tested at a local laboratory for the
amount of diacetyl released when heated.

. Orville Redenbacher's . ACT Il . .

: Popping and Topping : Buttery popping and : Cargill : Chef's Pride :

: Buttery flavor popcorn oll topping oi Pan and grill oil ¢ Canola pan and grill oil ~ :
Amount tested 8 tablespoons 8 tablespoons 8 tablespoons 8 tablespoons

Probable peak : E
conenten | 112521 11,0627 234.42 . 13284

In parts per million :

Sources: LabCor, P-! reporting
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Selected Inhalation Toxins.
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Abstract

INTRODUCTION: The purpose of this study was to evaluate sweet-flavored electronic cigarette
(EC) liquids for the presence of diacetyl (DA) and acetyl propionyl (AP), which are chemicals
approved for food use but are associated with respiratory disease when inhaled.

METHODS: In total, 159 samples were purchased from 36 manufacturers and retailers from 7
countries. Additionally, 3 liquids were prepared by dissolving a concentrated flavor sample of
known DA and AP levels at 5%, 10%, and 20% concentration in a mixture of propylene glycol and
glycerol. Aerosol produced by an EC was analyzed to determine the concentration of DA and AP.

RESULTS: DA and AP were found in 74.2% of the samples, with more samples containing DA.
Similar concentrations were found in liquid and aerosol for both chemicals. The median daily
exposure levels were 56 pg/day (IQR: 26-278 pg/day) for DA and 91 pg/day (IQR: 20-432 ug/day)
for AP. They were slightly lower than the strict NIOSH-defined safety limits for occupational
exposure and 100 and 10 times lower compared to smoking respectively; however, 47.3% of DA
and 41.5% of AP-containing samples exposed consumers to levels higher than the safety limits.

CONCLUSIONS: DA and AP were found in a large proportion of sweet-flavored EC liquids, with
many of them exposing users to higher than safety levels. Their presence in EC liquids represents
an avoidable risk. Proper measures should be taken by EC liquid manufacturers and flavoring
suppliers to eliminate these hazards from the products, without necessarily limiting the availability of
sweet flavors.



e 'EA&n moAlkoU uypoU TPoG HLa
NAEKTpLOpEVN paBdo

— (a) O CCl, givat pn OAWKO
UYPO Kal 6ev EAKETAL TTPOC TNV
NAeKTPLKA PpopTLlopEvn pafdo

— (b) To vepo eivatl moAiko vypo
KoL YU aUTO EAKETOL TTPOC T
paBodo




InpoBi\étlJth ToU povtéAou VSEPR
puropovoav va erBefoatwBouv pe
LLETPNOELC SUTOALKN G POTIC.

e H SuToAKN POTIA LETPA TTOCOTLKA TOV
SlaxwpLopo doptiwv oe Eva LopLo
— petpeital oe povadec Debye* (D)
— 1 D=3,34x103°Cm

Q- g+

—> —>
r=qer
Peter Joseph William Debye (1884-1966) Apeplkovog
Duokoxnpkos. Meyahn n cuveloopd Tou ot HEAETN TNG
HopLOKNG Soung, XnUelag TOAUPEPWY, aKTivwy X, Kat

NAEKTPOAUTIKWY StaAupdtwy. BpaBeio Nobel otn Xnueia to
1936.




AitroAIky Potrh) ka1 Mopiakn MewpeTpia

Ot peTpOELG SLTOALKWV poTtwV oTtnpilovtol 6To OTL TA TTOALKA pHopLa

npooavatoAilovtol pEoa o€ Eva NAEKTPLKO edio

HAekTpIKO TTEDIO HAekTpIKO TTEDIO
OFF ON
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HAexktpapvntikotnro

2.1

0.91.2

0.81.0/11.311.5]11.6]1.6{1.5[{1.8|1.8 1.8|1.9

0.81.011.211.4{1.6]1.8]1.9]2.2|2.2{2.41.9

0.70.9(1.111.31.5|1.7{1.9)2.2{2.2| 2.42.4

0.70.911.1




MoAIKOTNTA pHOPIWYV

- Me Bdon TG TINEG TNG NAEKTPAPVNTIKOTNTAG Xgn MTTOPOUUE VO
TTPOBAEYOUNE TNV TTOMKOTNTA TWV HOPIWV:

(a) NH,

(B) BF;

(y) COS (n akoAoubia Twv atopwy givar SCO)

(o) NH,
** Xen(N)=3.0 oo v 6+= 5)_
H’Nﬂ':H Xen(H)=2.1 *{(NC":'? L Now N IR
SiTroAa 6£§c_|:(bv HOPIaKO I_5I"“°)‘° Ho = Ze Al




[MoAIKOTNTO HOPIWV

(B) BF; AXj, €TTITTEQO TPIYWVIKO, YN TTOAIKO.

Xen(B)=2.0

7\ Xen(F)=4.0

(y) SCO ypapuIKO, TTOAIKO.

'|—> Xen(C)=2.5
i o° en(S)=2.5
oo oo Xen(0)=3.5



Kexaupevn
3,0
8o V\A
0~ \\O
Cl 35
IToAwot decuoi, N—O

IToAko

MoAIKOTNTO HOpPIWYV

<O

0O—S—0:

Emin. tptyovikn

3,5
s

3507 +<p3°
1. IToAkoti oecuoi, S—O
2. ZOUUETPIKN LOPPN

Mn ToMKo




; a HopLa EAKovTaL HETOED TOUC.

AUTOC €lval 0 TPOTIOC JLE TOV OTolo
ouykpateital to DNA.

Moac BonBa va e€nynooupe dtadopécg oto

onueio TNéewc, onpelo (Eoewc Kot AAAEC

bUOLKEC LOLOTNTEC.




e H Oswpla Lewis:

— 6ev gényel 1o nwc kat ylati oxynuartilovral ot xnULkol
deauol.

— O€V OIVEL TANPOWOPLEC OXETIKA LUE TIC EVEPYELUKEC
UETaBoAEC Tou ouvodEVOUV TOV GYXNUATLOUO TOU XNULKOU
deouou.

— bev gényei ta dlopopetika unkn deopwv rt.x. 0,, HF, F,

e H Qswpla Asopol ZBevouc elval pLa TPOOEYYLOTLKN
Bewpla n omoila €€nyel T0 OXNUATIOLO TOU XNULKOU
SEOMOU UE TNV KPAVIOUNXAVLKN.



‘ I'Is'p't-oxr'| | — Antelpn Antootaon

e Mnbevikn aAAnAenidpaon
HETAEL TWV ATOUWV

e Meproxn Il = EAKTIKEG AUVAMELG

e KaBwc ta atopa (oL mupriveg
npooeyyllouy, Ta e  EAKovTa
arto tov AAAo Ttuprva Kat
€\OXLOTOTIOLELTOL N EVEPYELQL
(LAko¢ deopov-bond length)

e Meproxn Il — AMwONTIKEC
AuvvAapeLg

e Otawv oL TUPAVEC
npoaoeyyloouv apa oAU, ol
amwONTIKEC SUVAUELG
QUEAVOUV TNV EVEPYELD TOU
OUOTAMATOC EKOETKA

Evépyera didotaong deopot

Mijkog Seopov ] -——
|
0 74 bn]

Andbotaon petadd mopivoy ——=

- Repulsion

Maximum attraction

o Some overlap; No overlap;
some attraction no attraction
|

s s

Potential energy
[=]

—436 kd/mol /
' Bond length

oo Jl."..ll-"
distance (picometers)

Bond strength

74 pm Inlern



JUpdwva pe tTn Bswpla autn,
EXOULLE XNULKO 6EOUO PeTAED
SU0 aTOUWV OTav MAnpouvTal
Ol TLALPAKATW OUVONKEC:

— To TpOoXLaKO TOU EVOC OTOUOU
KotaAapBavel (KaAUTTeL)
neplmou tnv éLa mepLoyn Tou
XWPEOU LLE TO TPOXLAKO TOU
AaAAOU aTOUOU

— O OUVOALKOC apLOPOC TWV e o€
KaBe tpoxlako Sev eivat
pHeyaAvtepog tou dvo

Evépyeia Sidotaong deopot

%
Mijkog Seopov ——————=
L

0 74 ‘pm

Andbotaon petadd mopivoy ——=

- Repulsion

Maximum attraction

o Some overlap; No overlap;
some attraction no attraction
|

s s

Potential energy
[=]

—436 kd/mol /
' Bond length

oo Jl."..ll-"
distance (picometers)

Bond strength

74 pm Inlern



Oswpia Asouou 20svoug

O Xnuikd¢ deouéc ato H,S

H petpovpsvy yovia
oésopov H-S-H oto
H,S giva 92°

(a) Isolated atoms (b) H,S

a[T] soa [l [HIETE ﬁ T G T
3s

TPOYWUKA TOV S




Oswpia Asouou 20svoug

O XnHIKOg deopog otnv NH,

N — 1s22522p3 _U. _u_ ]_L]_I.]_L

3H-1s"

Av ol degpoi oxnuaTtifovTtal atrd TNV ETTIKAAUWN TWV TPIWV 21
Tpoxiakwy Tou N hE To 1S TPOXIAKS TWV TPIWV ATOPWYV H, TToI0
Oa ival n poplakn yewpeTpia TNG NH; ;
[MpoBAETTETAI
ywvia H-N-H 900

z

%\ ,}{ EV n TTpayuaTKh
@ ¥ W : ywvia H-N-H
2p, 2p,

y

gival 107.39

2p,



Oswpia Asouou 20svoug

YBPIOIOUOC QTOUIKWY TROXIAKWY

O AvOpakag ETTPETTE va axnMUartilel
HMOAIC DUo deopoUC He ywvia 90°

LETAEU TOUC. C: el [f4[]t |1
*AAG 1o CH, £xe1 4 ﬁecpoU%C—H ol 2s 2p
otroiol oxnuari¢ouv ywvia 109,5°

METALU TOUC.

* To umotérecio TG S1001KUGIOC VFPISIGHOY EIVUL 1) O1LLIOVPYId
TEGGUPMV VPPIOIKOV TPOYIOKDV TOL TPOKVLATOVY GO TOV
GLVOLUGLLO TMOV KVLLOTOGLVUPTI|GEDV TOL 25 TPOYLUKOV LE TO TPid
2p TPOYOKA TOL AVOPUKO.

* To vpprowcueva TPoYLEKO €YOVV TNV 1010 EVEPYELD KU1 TO KUOEVU E)EL
eva NAEKTPOVIO (kavovas tov Hund).



YBPIOIOHOC ATOMIKWY TPOXIOKWV

sp3 YBRPIOIoNOC

“fx

4 0TOIKG TPOYIUKG ...

oC

... G HOTICOVY 4 vEQ VpIdIGNEVE
UTOMIKA TPOYIUKD.




YBPIOIOHOC ATOMIKWY TPOXIOKWV

2710 CH,:

- To éva atmd 1a 2s e
TTpowesiTal oTnv 2p
uttooToIdada divovrag 4
Ic0dUVaNa TPOXIOKA

sp? hybrid orbital

Position
of orbiral
& L ]

Tetrahedron

1s 1s

1s



C atom (ground state)

C atom (promoted)



YBPIOIOCNOC ATOMIKWY TPOXIOKWYV TOU

Energy

C oto CH,
2220000 0000
Sp Sp
@ \ C-H\;ondsj
p
o & o

C C CH,




J’ Otwpia AeopoU Z0évouc

H €vvoia tou YBp1oiouoU TTPOKUTITEL ATTO TNV
Oewpia AecuoU 20€voug.

To ammoTéAeoua TNG dlAdIKACIAC AUTAG €ival N
onuIoupyia evog uBpI1dicuévou (UBPISIKoU)
TPOXIOKOU TTOU TTPOKUTITEI ATTO TOV OUVOUAOUO
TWV AQTOMIKWYV TPOXIOKWY TWV JEPOVWHUEVWYV

ATOLWV.



)i Ocwpia AeopoU Z0évoug

e Meplka Baoka onpela:

— Ta ecwteplka e dev maipvouv PEPOC atov LBPLSLoUO.

— H avauién yivetal avapeoa oto TPoyLaKa Tou idlou
QTOUOU KOl OXL LETAEL TWV e .

— To uBpLdLopEVo (UBPLOLKO) TPOXLOKO EXEL EVEPYELQL
eVOLAPEON METAEY TWV ATOULKWY TPOXLAKWYV TIOU
ocuvduadlovtal.

— H ywpntwkotnta tou kabe uPpLdlopevou (VLPRPLOLIKOUL)
TpOoXLOKOU €lval 2 nAeKTpovLAL.



Napadsiypara e
UBPISICH®V
~ Sp

BF;
Trigonal-planar
> sp2
Four pairs, sp? Taetrahedral
»~ sp3
~ sp3d

» sp3d?




Sp-uPpPIdICUEVA TPOXIOKA

r Whyb, 1 = C11Ws * C12Wpx

Vs Wpx ADQ—’X
(I — <
W

2 atomic orbitals
Whyb, 2 = C21Vs - C22Wpx

-
2 hybrid orbitals

*  YTOAOYIOUOG OUVTEAEOTWV Cj:
Cpi°+cCy®=1
Cpi®t+ =1
Cu®tCp®=1

Cy1 = Cyy = Cpp = Cyy = (1/2)12



o Tasp TpOXIOKA.

« KupaTtoouvapTtnon
Lljsp]_: \/(1/2) A (LhUZs + (1U2pz)

Lljsp2: \/(1/2) 2 (LhUZs - (1U2pz)




sp2-Hybrid orbitals

e Trigonal planar molecules AB;. sp?-hybridization.

~
sp

X G
3 atomic orbitals

L|Jhyb,1=% Ws + 0 L|Jpx"'\E Woy

l-thyb,Z_ %ws_l_%wpx_ % Llpr

_ 1 1 1
Whyb, 3 = ZWs = 75 Wox = 5 Yoy



) Otwpia Aecpou 20Evoug

I3l
|

e Tasps TpOXIOKA
KupaTtoouvapTtnon

Wep 1= (L2) X (Wos + Wopet Yot Wop,)
Wepo= (12) X (Wos + Wopxm Wapy~ Wap,)

L/Jsp33: (1/2) 2 (LIJZS - LIJpr+ LIJZpy- (»U2pz)

L/Jsp34: (1/2) 2 (LIJZS - LIJpr- (»U2py+ (»U2pz)



dsp2-uBpIdICHEVA TPpOXIaKA

Enineda TeTpaywvika popia AB,. d,;.,,Sp? uBpIdIoHOG.

. 4 atomic orbitals
YNOAOYIOHOG OUVTEAECTWV Cjj:

/

Whyb, 1 =
Whyb, 2 =
Whyb, 3 =

Whyb, 4 =

X

4 hybrid orbitals

1 1 1
— q—’s + O ll—’px +—2 l-Ipr +§ l-Ide2—y2

2 V2

1 1 1

E W +ﬁ ll—’px + 0 l-Ipr - E l-Ide2—y2
Ty +ow, -1y, +1uy

5 s O pXx \/E py 5 dx2-y2
i

2

Ps - % ll—’px +0 l-Ipr _% l-Ide2—y2



* Tadsp3 rpoxiokd
Kupmoouvdpmon
Wasp en™ V(1/3) X (W3, + V)yay,)

Waer o= V(113) X (W, - V(L2) gy, + VB2,
Yo ere= V(U)X (W - VA2, - V(32
.-w.dspe’axl: \/(1/ 2) X ((»Usz + L,U3d22)

(»Udsp3ax1: \/(1/ 2) X ((»U3pz B (»UBdZZ)

©2002 Mark Winter



SpvBproicuog oto Bek,

YPBprowopog sp oto Be
Al | 2 F —Be—F = [t][At] [][1][3
2 e 5 o o 2 92 5
1s* 2s*  2p 1t 1s* 2s* 2p

1s? 2s?

Livetan mpo®O1)61) £VOC 1|AEKTPOVIOL GTU 2P TPOYIUKA

2RI
1s? 2st  2p!

Ta 2s! ka1 2p! Tpoyiokd veictavral vBp1dIGN6
]t

1s?  sp 2p




Sp vpprowopéva TPoLOKa

Px /\
0rQi--@0r0

| |
L @ﬂ 7@ 2p Tpoyraxd tov F




SpuBpoGUOg

sp YBpPIOIGPOC aTto Be

*e e 860 p
TPOYIUKG.

E
T @@

@

2s

AVO UTOMKA TPOYIUKI GUVOVAIOVTUL ... ... OVO VPPLOIGHEVU UTONIKA TPOYIUKA ...




Evepyeiako diaypapua
TPOXIOKWV

E=E(n #)

4p

S 4s
3p

— 3s
2p

2S

1s

3d



i)
| ) Ocwpia Acopou X0évoug

e [a va reptypalpoupe To XNULIKO Seopo akoAouBoul e ta

MOPAKATW BRpata:
— [padoupe Tov TUTO KOTA Lewis.
— Mpooblopilope TN poplakn yewpeTpla pe to povieAo VSEPR.
— Ano avtiv npoodlopilovpe Tov URPLOLOUO TOU KEVTPLKOU OTOUOU.
— TomoBetoU e ota LPRPLOLKA TPOXLOKA T € 0BEVoUC TOU ATOMOU.

— 2xnuotilope deopoUc emKAAUTITOVTOC TA UBPLOKA TpOXLOKA UE
TPOXLOKA TWV AAAWV OTOUWV.



SP’ vBpidiouds oto BF,

YPBprowoudg sp?, BF;




SP? vpdoudg

YPBpdouog sp?, BE,




SP? vpdoudg

YPBpdopdc sp?, BE;

Livetal mpo®B61) £VOS N)AEKTPOVIOV 6TAU 2P TPOYIUKA

ML Y
1s? 2st  2p?

Ta 2s! ka1 2p? Tpoyuokd veictavral vpIdIGNo

Ut
1s? sp? 2p




SP? vpdoudg

sp? YBp1diouog ato B

oo

(3]
-

3 gToMIKG TPOYIUKA ... ... GpOTICOVY 3 vEu VPprdIcNEve
UTOMIKA TPOYLUKA.




SP° vBp1doudg

Y Bpwiouos sp, CH,

z z z z
y o 4 e 4 y
X e x X X
s Py i py i Pz _
4 sp2 uBpIdiouéva TpoxIaKd

— 2 N\

vk




YBRPIOIONOG ATONIKWY TPOXIAKWYV TOU

O o1o H,0:

Evépysia

@%@
D)

2s

(D)

1s

Atopo O
(Posuci) katacTuc))

DOOO
sp°

®

1s

Atopo O
(vppro1GUéEV) KUTUGTUGT])

OO

D
S
\ ,I;)'x_ 7

Y Y
Mn osopika O-H

ceoyn
D)
1s

Atopo O

(oto H,0)




Ocwpia Asopou Z0Evoucg

Y Bprdopog spd, PF.

+
ogg 3% I 3d

PF,

tit|t

Hpombnon e
v
it !
3 I 3d?
YPBprorwopoc

3d



Otwpia Asopou Z0Evoucg

YBPIOIOHOC spd”

SF,
Ta 3s ka1 3p SEEEERE
NAEKTPOVIOL 3s 3 3d
TpomOovLVTOUL GTNV
3d vrooto1Bada. el b LI
3s 3p 3d

Tehxka
ONuovpyovVTaUL 6
sp3d* vpprdka

TPOYLOKA. _— —

D
spid? 3d




Oewpia AeCHOU 20£VOUG

Na TTeplypayeTe Tn ©Ooun Tou Xek,

H Oooun Lewis Tou XeF, ivai

F R
. Xe.
2’ Oy

'IF'I'|




Mowpn Cevyn Agopoi Xe-F

Atopo Xe (vfprowopévny katactaon) atopo Xe (670 XekF )

Atopo Xe (Pacikn kKatdocTaon) Atopo Xe (rpoddnen niektpoviov)




Ziypa (o) deopdc : eival €vog
Sde0LOC 0 oTolog KateuBUvETaL
KT LAKOC Tou aéova petaéu
TWV TIUPAVWY TWV ATOUWV

— H nAeKTPOVLKH TTUKVOTNTA EXEL
KUALVOPLKO oXAMa KATA HRKOC
Tou aéova tou deopou

Yiypa Seopol pmopouv va
oXnUaATLoToUV Ao TNV YPOLLULKN
aAAnAoemika@Avyn dvo
TPOXLOKWV

Oewpla Ascpov 20€vouc

ATOULKA TPOXLOKO

o-6e0U0C




MoAAamAol beopol m-6eopo¢

e JtovT-6eouod n
NAEKTPOVLKI TTUKVOTNTA
EUPLOKETAL TTAVW KOl KATW
aro Tov afova tou SeooU.

e Elvalonuavtiko va
yvwpiloupue otL:

— TIPLV ATTO TO OXNUOTIOUO
Tou n-6eopou, tponyeitat
0 OXNUOTLOLOG EVOC O-
deopov.

n-6eouocg




MoAAamAot deopot

Oe@PEIGTE T1] NOPLUKY] YEONETPIU TOL giBvieviov:

5 ™% Wi et
O

Q@ 1522 2p’
\O: o / [IpomBon e
© o
LN !
N &
/ 1s2 2sl 2[]3
* O1 YOVIEC OEGLOV £IVUL = ETITESOL Yppidropos
TPIYOVIKOL.
* Me sp* vpprdropo kot 1 iekTpovio 670 £101 11 4 s t
2p TPOIUKO ', ‘ , '



MoAAarAot deopot

@

Evépyewa

[
7 4

Atopo C Atopo C

(Pacwkn katacToon) (VpprowGpévn KatacTacn)



il NoA\arhoi Seopol (o kat m-Seopol)

Qewpia Asouou
20évoug, C,H,

O m-6son0g €81 dvo rofove
(mave kKo KATe amo To
eMIMESO) e TAELPIK)
glilemKaioyn) ToOV 2p-2p.

QO

2p

) J
m: C(2p)—C(2p)

H H
o: H(1s)—C(sp?) >c= C< o: H(1s)—C(sp?)
H H

a: Clsp?) —Clsp?)



LT 1 |

i i AT AT IT



MoAAamAot 6sopol o-Ogopol

CoH,




MoAAartAol deopol

. ) 0 = O_ . Ipombio) e

o | A
% 1s2 2st  2p@

YPprorouoc

I poppnko popio jie sp vpproiGuo




[MoAAarAoi deopol

a: Clsp)—C(sp)

O1 6vo m-dsopoi -
(errmremkaroym 2p-2p) a: C(sp)—H(1s)
H—C=C—H

o: H(1s)—C(sp)



Oewpla Asopov 28gvouc

p TPOXIOKA

n(C2p,..C2p,) H
/ | CZpy,CZ;:y}

p TPOXIOKG )

T-0e06G

o(C24,C2p) _@_

T-0e06G

(b)




b
' Oewpia Aeopou Z0evoug

_o(Csp*Hls)

6(Csp2,Csp?)

5




Bev{6Aio i i i

AopEg cuvTOVICHOU



ETtim. Tplywvikn
sp?

Kekkapevn




2.uvouyn
YBp10Iguou

YBpidiopoc Kevipikou

ciTolaon sp 502 503 sp3d sp3d2
Mopddeypa C,H,, BeF, C,H,, S50, CH, PCl, SFe

# opaduwy Evmljévmv 5 3 A 5 5

HE TO KEVTPIKO GTOUO

HAEKTpOVIKD YEWUETPIO [ popuikn Tiﬁﬂiir:} TeTpaedpikn EEEEJEL OxTasdpikn
Mwvieg deopwy ~180° ~120° 109.5° 90 ", 120" 90°

&

s

#-

®
2s




4 ? N\© f:?:\@ :?:\@
— —>
. No - N\ N
07 Yol o7 o |:07 Yo
\_ Y, N _/ . )
YBp1diopdg N ;
sp? — — — 2 YBpIBIOPOG — X
YBpidiouég O ; s —a=a= g
sz E . P

T no - OEOPOG

6no = N(SP) + O(SP) (3 vppid. Tpoyrac) O 7 no = N(2p) + O,(2p) + Og(2p) + Oc(2p)

(0]




EvaAAaocoouevol OI1TTAoi deouoi

KOoUBIKES ETTIQAVEIEC

//\

1,3 Boutadiévio
YBp1d1opuog, lNwvieg deopwyv; ~120°

4 YEITOVIKA P TPOXIOKA

H/

H

T OECUOG

4 p ATOMIKA TPOXIAKA : 4 T poplokd TPOXIOKA



1,3 BouTadiévio

| |
H C H C
\T/ ~4 \T/ ~,
C H H C
o X NP Ny
\ |
H H
S-CIS s-trans

Mou odeiletal n otabBepotnta tou 1,3-Boutadleviou;



1,3 BouTadiévio

ITov opeideTon n 6TabepoTNnTO TOVL;

| |
H C H C
\T/ \t' \T/ ~4

C EI H C

o X NP Ny

\ |

H H

CIS trans

[HopeumOO16M TEPIGTPOPNG



1,3 BouTtadiévio
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Cis trans
5% 95%
Iopeumooion wepiotpopns >tafepoTnTa Tov trans> Cis
Yopw oo tov ogouo C2-C3 Ko

oy€00V eminedo LOpLo




1,3 BouTtadiévio

[MepioTpo@n yupw atro Tov OO0 Cyp-Cyp
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Mou oeidetat n otadepotnta, minedn SlauopPwWan, KAt 0 EPAYUOC OTNV TTEPLOTPOPN;
® GUVTOVIOUOG

| | |
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o Ny oA o TNy
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H
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cI: H ® O pepkwg 1t deouocg (petatu C2-C3)
H\c /,C\H — e&nyel to dpdypa meplotpodnc
H

e H sTuukaAun p tpoylokwyv tTwv C1-C2-C3-C4

— g&nyel tnv eninedn Stapopdpwon



1,3 BouTadiévio

Mrkoc¢ deopol C2-C3 1,54A 1,34A 1,48A

C2-C3 evepyelakd gpayua 1 ! f
mepioTpo®ri¢ (kcal mol?t) 4,5 ~60 7.5
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1,3 BouTtaol
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Na e€nynooupe yiati to 1,3-mevtadlévio eival otabepotepo
oo to 1,4-mevtadLevio

1,4-TevTadI€EVIO

AN

1,3-1evTadIévio

NN

Agv UTTAPYEL «OCNUOVTLKOC» CUVTOVIOMOG

Ta m nAektpovia rieplopilovtat petafy 2 atopwy C

To T NAEKTPOVLA E£XOUV HLKPOTEPO A

(LA=TE)

Mapouaoldlel cuvtovIopO
Ta T nAeKTPOVIA CapWVOUV Kol Toug 4 C
/‘—-\“ 7;\

Ta Tt NAEKTPOVLIA EXOUV HEYAAUTEPO A

(TA={E)

To 1,3-mevtadiLévio

elval TEPLOCOTEPO 0TAOEPO




2uvoyn

[ETOVIKO ETUKAAUTITOUEVO P TPOXLOKO ETILTPETIOUV. ..
® TIEPLOCOTEPO CUVTOVIOUO...
LEYAAUTEPO ATIEVTOTILOMO TWV NAEKTPOVIWV...
LLLKPOTEPN EVEPYELA TWV NAEKTPOVIWV...
neyaAltepn otaBepotnTa

1,3-mTevTadiévio 1,4-1TevTadIévIO

I1.y. : N 2T00epOTEPO ATIO TO X

Y UVETIELEC TNC AAANAETILKAAU Y NG TWV P TPOXLAKWV

e MopLa pE ETIUKAAL PN VELTOVIKWY p TPOXLAKWV TIPETIEL VA lval eTtimeda
e Aeopol e yapoKTApa LEPLKWE TT OECUOU

e Mapeumodion meploTpodPng







2uluyia

uEiwon

EVEPYEIAC

@
@
Yuluyia: n otaBepotnta tov odeileTal o Tpla R KoL
TIEPLOCOTEPA VELTOVIKA, TIAPAAANAQ, AAANAETILKAAUTITOUEVD P
TPOYXLOKAL.

H culuyla emnpealet:
—> N poplakn doun

—> TIC (PUOLKEC LOLOTNTEC
—> TN XNULKN dpaotikotnta



JUVETELEG ouluyiog

Yovémerwo, #1:

H ouluyla emnpealel TNV KATAVOLUN TWV ITPOLOVTWV OE ULO XNULKN
avtidpaon:
e Aufavel tn otadepotnTa apa Kal tnv anodoon tng avridpaong

M.x.: Mpoodlopiote TO KUPLO TIPOTOV AWUTAC TNS avTIidpaong

HO

CHs

Molo LoouepEg 10 ovCevypeva p tpoytaKd

elvaoll otabepOTEPO

6 cvlevyuéva p Tpoylokd

ctadepotepo; TPOIOY G& PEYOIVTEPO TOGOGTO



2UVETELEC ouluyiog

Juvenela #2: To xpwpa o€ popla pe vPnAn culuyia

5

Xiopoeuiin Il Avkomévio B-kapoTévio

[Mou odeileTal 10 Ypwua

* Fva LUEPOC TOU 0pATOU (PACUATOC TOU (PWTOC AITOPPOPATOL.

e O eyképaldoc uac avtiAauBavetal ta UNKN KUUKTOC TOU PWTOC
JTOU QUITOUEVOUV OQV XPWUO.

Me rtoio tpomo eAEyxeL n popiakn doun
TNV EVEPYELA TWV PWTOVIWV
TTOU QItoppowouvTal;




e To LopLo aroppopa pwtovia (hv)

'L oH gvepyela Twv pwTtoviwv Tou

amoppodouvTal MPETEL va lval ion
pe tn dtadopa eveépyelac (AE=hv)
HETAEL TWV TPOXLAKWV

*To nAektpovio Sleyeipetal o€
HLOpPLaKO TPOXLOKO UPNAOTEPNG
EVEPYELOC

Evépyeia

JUVETELEG ouluyiog

hv = By - E,
e

(T,




2UVETELEC ouluyiog

| Me rtoto tpormo eAEyxXEL n poplakn Soun TNV EVEPYELA TWV PWTOVIWV TOU AIoppoOPoOUVTaL;

o Avavéavetat (T) o aptdudc twv culevyuévwy p tooxtakwy téte n AE 4
e Avn AE gival apketa xaunAn, tOTE arroppoPwVTL PWTOVIO 0PATOU PWTOC
(To uépoc rou dev Exel armoppopndei to avtdauBavouaote oav Ypwuo)

DwtoOVIO TOV aTOpPpPoPNONKE XPpOUO TOL TOPOTNPOVLUE
Yrepivdeg (UV) > Aypouo
[woeg » Kurpwvonpdoivo
g [IpactvounAé IToptoxkaii
@ Opatd © Mrienpdctvo Kc’)}cho
.§ [Ipdowvo - - Podépubpo
w Kitpwvo Kvavoiv
[ToptokaAi [TpactvoumAé
Koxxkivo Mnienpdotvo

YnrépvOpo (IR) > Aypouo



AN\

1,3-Bovtadiévio

4 culevyp. P TPOYLOKA
AE =vreprardeg

Xpopa = adypmuo

2UVETELEC ouluyiog

Y

1,3,5€Catpiévio

6 culevyp. P TpOYLOKA
AE =vrepiardeg

Xpopa = dypmuo

GTLUPEVIO

8 cuvlevyp. P TpoYLOKA
AE =vrepiardeg

Xpopa = dypmuo




2UVETELEC ouluyiog

Petivoin (Prrapivny A) PeTivain

10 ouleuyp. p TPOXLOKA

AE — wwdec —

Xpwpo = = TLOPTOKOAL




2UVETELEC ouluyiog

Il.y. Aukomévio
H3C CH3

Mpny cvlevyuéva ——

L M/\
CHs CH,

—— Mpn ovlevyuéva

CH,

H3C CHs

22 ovlevyuéva. P tpoyiaKa.
AE =pnmie

XpOUo = KOKKLVO



The proposed mechanisms for the
anticancer effect of lycopene involve

arious natural carotenoids present in fruits
and vegetables were reported to have anti-
inflammatory and anticarcinogenic activity.

Lycopene is one of the main carotenoids in the
Mediterranean diet and can account for 50% of
the carotenoids in human serum.

Lycopene is present in fruits, including
watermelon, apricots, pink guava, grapefruit,
tomatoes ...

ROS scavenging,
Upregulation of detoxification systems,
Interference with cell proliferation,

Modulation of signal transduction pathways,...




Lycopene content

Table 1 Lycopene content of selected foods

Food category Content as
summarized
by Clinton (1998)
(mg per 100g
wet weight)

Fresh tomatoes 0.9-4.2

Canned tomatoes

Tomato sauce 6.2

Tomato paste 5-150

Tomato juice 5-12

Tomato ketchup 10-13

Tomato soup

Grapef ruit 3.4

Guava 5.4

Papaya 2-5.3

Watermelon 2.3-7.2

Source: Clinton SK (1998) Lycopene: Chemistry, biology and
implication for human health and disease. Nutrition Reviews 56:

35-51.




H uwnAorepn diarpoikn TpO0cAnWwn AUKoTTEVIOU
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Higher dietary lycopene intake is associated with longer cardiac
event-free survival in patients with heart failure

Martha Biddle', Debra Moser', Eun Kyeung Song?, Seongkum Heo?, Heather Payne-
Emerson?, Sandra B. Dunbar®, Susan Pressler®, and Terry Lennie’

'College of Nursing, University of Kentucky, USA
Abstract

Background—The antioxidant lycopene may be beneficial for patients with heart failure (HF).
Processed tomato products are a major source of lycopene, although they are also high in sodium.
Increased sodium intake may counter the positive antioxidant effect of lycopene.

Methods—This was a prospective study of 212 patients with HF. Dietary intake of lycopene and
sodium was obtained from weighted 4-day food diaries. Patients were grouped by the median split
of lycopene of 2471 pg/day and stratified by daily sodium levels above and below 3 g/day.
Patients were followed for 1 year to collect survival and hospitalization data. Cox proportional
hazards modeling was used to compare cardiac event-free survival between lycopene groups
within each stratum of sodium intake.

Results—Higher lycopene intake was associated with longer cardiac event-free survival
compared with lower lycopene intake (p= 0.003). The worst cardiac event-free survival was
observed in the low lycopene intake group regardless of sodium intake (> 3 g/day HR =3.01; p=
0.027 and < 3 g/day HR= 3.34; p=0.023).

Conclusion—These findings suggest that increased lycopene intake has the potential to improve
cardiac event-free survival in patients with HF independent of sodium intake.



¥/ H avaAoyia Kivduvou (HR) xpnoipoTrolgiTal cuviOwg Katd

TNV TTOPOUCIACT) TWV ATTOTEAECHATWYV KAIVIKWYV OOKINWV
mTou TrepIAapBavouy dedopéva emiiwong (survival data)

The hazard ratio
IS an expression
of the hazard or
chance of events
occurring in the

treatment arm as
a ratio of the
hazard of the
events occurring
in the control
arm

HR = 0.70 onuaivel
100-70=30%
MIKPOTEPOG
Kivduvog

HR = 1.5 onuaivel
50% peyaAUTEPOG
Kivduvog

Mndevikdg
Kivduvog, HR =1.00
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