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Aemttivn

e Mia armo T 1o €€EPEUVNUEVEC
OUOoLEeC Ta TEAeUTOLA XpovLa lval
n Aemtivn. To ovopa tng Aemtivng :
NPOEPYXETAL aTO TNV EAANVLIKA AEEN @ D reoto
KoL otav avokaAupOnke g
BewpnBnke mwc Ba artoteAECEL TO
bGAPUOAKO KATA TNG TTAXUoapKLaG.

(isolated)




Aemttivn

e To 1994 o Friedman kol OL GUVEPYATEC TOU
LLTTOPECOV VAL ATTOLOVWOOUV TO YovidLo ob.
Bpnkav mw¢ auTto to Yovidlo KwOLKOTIOLEL TNV
ekppaon plac oppovng n omola ekppaletol
KUPLlwC otov Aeuko Atmwdn LoTo.



Atmwdnc Lotoc kat Aemtivn
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Duololoyla tnNC AemTivng

e lMpwTteivn n omola amoteAsitat oo 167 apwoea.
H cuyKeKpLUEVN TTPWTELVN €XEL StatnpnOel apkeTa
KaAA Kotd TtV SLapKeLla Tng e€EALENC adou n

e H cuervrpwon NG }\enuvr]q OTO TTAQCHLOL
eCoptatol Kuptwq armo tnv nooornra TWV
AutoamnoOnkwv, aAAQ Kot armo aAAoUC
puOuLoTIKOUC napc’xvovreq riou Ogv glval
arapaltnto cUVOEOEUEVOL UE TNV EVEPYELAKN
L.oopporia (bappaka ywa to dtaBntn).



DuoloAoyla tnc AemTivng

e ATO TN OTLYMN TIoU eloepyxetal n Aemtivn oto KNZ,
EVWVETOL LLE CUYKEKPLUEVOUC UTTOSOXELG, KUPLWC
oTOV , 0pOLOTNPLOTIOLWVTAC EVOL
OUUTTAEYLOL TO OTTOLO EAEYXEL TNV EVEPYELAKN
LOOpPPOTILAL.

e YriepBoAlka peyaAn cuykevipwaon Aemtivnc oonyel
oTn KoL avénon otnv
EVEPYELOKN KaTavAAwon OLOECTOU TNG



1)

2)

3)

4.

XapaKTNPLOTIKA TNC AETTTIVNC

H Aemttivn ekkpilveTal amo oAa to Atmwodn KuTtTapa
aveaptnNTou BEoewc oTo CWUO

KukAodopel 0Tto MAACHA OE TETOLEC CUYKEVTPWOELC
IOV €lval aVAAOYEC LLE TNV TTOCOTNTA TNC AUTWONC
Laloc 0To oW,

Ta toxVooPKA ATOUO EXOUV LLEYAAUTEPN
OUYKEVTPpWON AETTLVNC amo ta aduvata

Otav ta noyvoapka Atopa yavouv Bopoc Tote
LLELWVETOLL KOLL N OUYKEVTPWON TNC AEmTivNnc.

Ta entineda TNC AeMTiVNC Elvol YaLnAd Tooco o€
UTTIOOLTL(OMEVO ATOUOL 00O KOl O€ ATOUOL TAL OTtoLaL
TTOLOYOUV ATtO avVopEeéiaL.



AeTtTivn

Entidpa oto Kevipiko Neuplko Zvotnua,
puBuilovtoc tnv 0peén Ko TNV BepuoyEveon,.

H xopnvnon Aemtivnc odnyet otn ueuucr] TOU
ocwpatikov Bapouc €attiog ™G uetwuevnq
npocAnyPnc tpodnc, KaL pmopei akopa va odnynoet
KOlL OTO

H kataotpodn neploxwv tou unoBaAapou odnyel
oTNV TaYUoapKLa Kot , KATL TTOU
amoOeIKVUEL TWC Ta emimeda TNC AEMTivNC Elvol
ApEeoQ €EQAPTNUEVA OTTO TOL ATIOTEAECUOTAL TNC
dpaonC TOU KEVTPLKOU puBuiotn.



Kouwvoupla ammoyn ya tov poAo TG
AETTLVNC

e H Aemtivn mapayetal amno StapopeTIKOUC
Lotoug, éXEL oav 0Toxo 6LAPOoPOUC LOTOUC KoL
OULLLLETEXEL OTOV KOBopLoUO 6Lac|)opwv
AELTOUPYLWV TOU OpPYyaAVLIOLLOU,
OUUTIEPAOLUBOVOLLEVWV:

>



Avtiotaon oTlc emOPACELC TNC
Aentivng o noyUoapKo ATOUAL

 H ovoyxetion petoéu NG
OUYKEVTPWONC TNC AETTIVNC KOl
NG moYuoopKLag ival
KapruAoypappn (curvilinear),
KQTL TTOU UTTOOELKVUEL TTWC N
avénon TNC CUYKEVTPWONG TNC
Aemtivng oupPalivel pe
AoyaplBuLko pubuo otav
QUEAVETOL TO TTOOOOTO TOU
Alrtouc.




Avtiotaon oTlc emOPACELC TNC
Aentivng o noyUoapKo ATOUAL

e H avapevopevn avtidpaon ota avénueva
enirneda Aemtivne Ba Ntav va HeElwBelL n

npooAnyn evepyelac kat va avénBel
KatavaAwon tnc. Qotooo, pailvetol mwe T



O poAoc¢ tou urtodoyea

>TNV AELOVOTNTO TOUG TOL TTAXUOAPKAL
dtopo Sev MOPOUCLALOLV KATIOLA
staMaEn TOOO OTO YOVidLo NG
entivng (ob) 600 Kkal 6To yovioLo mou
elvaL uTteLBUVO yLa TNV Ekdpach Tou
urtodoxea NG )\snuvr]q (db).

Movo oe pia nepintwon (Kabyle family)
SEV UTIAPYOULV OL SLOTIEPATEG TEPLOXEG
otnv K.M. Kot oL EVEOKUTTAPLEG
TIEPLOXEG TOU UTIOSOXEQ UE ATOTEAECUA
va pnv elvat duvath n petadopa twv
EVEPYELWV TNG AETTIVNG OTO ECWTEPLKO
TOU KUttapou

Apa augnuevn avtiotaon otig dpaoceLg
TNG Aemtivng Omwg oupPaivel kat otnv
neputtwon tou dtaBnAtn tumou |l.
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MpoBAnua peTadopac AEMTIVNC OTO
EYKEDOAAOVWTLALO UYPO;

e Y& moxvoopkKa atopa, Ta uPpnAad enimeda
Aemttivne oto ailpa dev cupfadilouvv pe vpnAa
eniineda AemTivng KAl 0To EyKEPAAOVWTLALO
UYPO, KATL TTOU UTTOOELKVUEL TWC UTTAPXEL
npoPAnua petadopac tne Aemtivng mpog To
eykepalovwtiaio vypo (Caro et al, 1996)



To povormartt tou veupormentidiov W

e To NPY eival yvwoto nwc amoteAel

OTaV EKXVETOL OTOV EYKEDAAO.

e H 6paon tou NPY yivetat Stap€cou tou
KOlL TUPOKQAEL:
» UTIEPLVOOUALVELLO Kl
» avénon napaywyng YAUKOKOPTLKOELO WV,
* KOTLTIOU £XEL OOV ATIOTEAECUAL:
» Tn cuoowpeuon Atlmou¢ oto Amwdn LoTo,
» UEWWMEVN Bepuoyeveon Kal

» Melwpévn amoppodnon YAUKOING armo To HUTKO
LOTO.




To povormatt Tov vevpomnentdilov W

e H Aemtivn, SLAUECOU TWV

UT[O@OL)\(IHLK(L)V UT[OSOXéwV ___ What Does Leptin Do?
G, Vv éKcl)pao'r] N i —
KOLL EKKPLOT) TOU L i
veuporetdiov Y (NPY) pe o
QNOTEAEOHA TNV HElwon NG < o
npooAndng Tpodrig Ka = =

avénon tng LETABOALKNAG
dpaotnplotntac.




H Aemtivn KAl TO LOVOTIATL TOU
vevpornentdlov Y

e Ta ob/ob movtikia (ta ortola v €xouv AeLTOUpPYLKA
Aemttivn kat tapouvaotalouvv vPnAa emntimeda NPY)
OTOV TOUC QTTOMOVWVETOL TO yovidlo tou NPY
obnyouvtal o€ PElWON TNE MAXUOAPKLAC, KATL TTOU
UTTOOELKVUEL TO ONUAVTLKO pOAO auToU TOoU
LLovoTtaTLoV.

e Ta movtikla e€akoAovBouv va eival maxvoapka. Apa
Kol AAAOL TTOPAYOVTEC UITAEYUEVOL LLE TNV AETTTIVN Kol
tnv ipocAnyin tpodnc.



To povoratt Tov vevpormnentdlov W

To NPY erupepel Ta AELTOUPYLKA TOU QTOTEAECUOTO
SlapEoou UTIOOOYXEWV.

NPY5 kat NPY1 dieyeipouv tnv mpooAnyn tng
Tpodnc otav evwvovtal pe to NPY

NPY2 avaoteAAouv tnv ntpocAnyn Tt Tpodnc.
YIApYeL pia peyaAn €PEVVNTLKN TIEPLOXN TTIOU
oXeTileTal pue TNV Snuoupyia papuakwy mou va
eildpouv otouc urtodoxeic tou NPY ko var eAEyxeTOL
n ope&n kat n mpooAnyn NG tpodng.



To povormatt tou yovidiou agouti ko o
vrtodoxeac MC4 tng pelovokoptivng

e

"i:E ot = Astuale nuche.s Faraventricuir rudeus
& POMC — aMSHd —a &P

WMC4-R

Tl gy - '

Fig. 4 The MC4-R pathway. A model of leptin action in the hypo-
thalamus throughout the MC4-R melanacortin recepior pathway.
Leptin positively regulates POMC (the precursor of aaMSH), and
negalively regulates AGRP. Neuronal release of aoMSH activates
MCA-R and thereby reduces food intake. Conversely, reduced MC4-
R signalling induced by AGRP causes hyperphagia and obesity.
FPOMC pro-opiomelanocortin,



Mopayoviec KOPEGHUOU TIPOEPXOUEVOL OTTO
TO TIETITIKO oL OTNHA

e Ta nenttibla kopeopov (CCK, galanin) kat n
yOoTPLKN OLOYKWOoN HETAPEPOUV TO CHUATO
TOUC SLOLLECOU TWV VEUPLKWV VWYV TOU
TIVEULOVOYO.OTPLKOU VEUPOU N TNC
KUKAOPOPLAC TOU QLLMOTOC OE TIEPLOXEC TOU
geyKePAAOU Kol emnpealouv TtV mpooAnPn tTnc
TPOodnG.



e 00T000, evWw Ba TEpipEVE KAVELC TWC N
BeparmneuTikn Yopnynon autwy TwV NMEMNTLOLWV
Ba o6nyoloe oTNV HELWGCN TOU CWHATIKOU
Bapouc, PpedOnKe Mwe N HELWON TNC
npooAnyPnc TN TPodnc MoV EMEPXETOAL ATIO
TNV Xopnynon autwy Twv MEMTLSlwv
LoookeALleTal Ye TNV MPooAnyn Lo CUXVWV
VEULATWYV Kol £ToL OV peTOBAAAETAL TO
OWHATLKO Bapoc.



O poAoc¢ tn¢ Aemttivn¢ w¢ oUVOETIKOC KpikoC HeTaéU
EVOOYEVWV Kol EEWYEVWV EVEPYELAKWV TTNY WV

e MpooAnyn tpodnc =+ CCK = enibpaon
adEVWV AEMTIVNC OTO OTOUAXL TOU avOpwTtoU
= EKKpLoN AETTLVNC = enidpaon OTo KEVTPO
kopeopou (VMH) = - tpooAnyn tpodnc
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Young Middle aga Haalthy aging Unhaalthy aging
4050 ymars B0 years 80 years

Readistribution of fat - " - ] | — { -]
Body waight - - -
Leptn rasistance - -
Circulating leptin fevels - - -
Circulating adiponectin lavals - - - -

Circulating insulin levels - . -

Figure 2 Representation of the different modifications regarding the redistribution
of body fat, body weight, leptin resistance, and circulating levels of leptin, adiponectin,
and insulin in conditions of youth, middle age, healthy aging, and unhealthy aging.
Red and grey represent visceral and subcutaneous adipose tissue, respectively.
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Figure | (A) Effacts of leptin production in a young stare. Whita adpocytes, mostly subcutaneous, secrete normal levels of lepdn. Faripherally, leptin contributes to insulin
sensitivity and free fetty acds oxidation in liver, muscle, and 2dipose tissue, Centrally, leotin reach its targets through its trensport across the biood brain barrier provided by an
acave saturable transport systam. Leprin is 2lso transported through the circurvencriculas organs. ts bindng to LEPRs expressed in the arcuate nucleus of the hypathalamus
lezds to an increzse of POMC and a decreass of NPY/AgRP lavels. This modulation of specific neuronal populations t-ggers SNS activation, which leads to an increase of UCPI



B Aging 40-50 years
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transcription 2nd thermogenasis in BAT. (B) Effects of laptin producton in midc'e-age condition. Subcutzneous fat begins to be radistrbuted anc white adipccytes, mostly visceral,
procuce a high ameunt of leptin. Peripherz ly, laptin resistance develops in the liver, musdle, and adipose tissue and causes 2 decrease in insulin sensidivity anc FFAS oxidzdon and an
increzse in \ipelysis. Centrzly, alterations in the blood brain barrier decrease leptin transport te the CNS, which leads to a reduction in the production of POMC. This diminution
blunts SNS signaling and induces BAT ztrophy end ‘eads to a decrease in both UCP| levels and thermogenesis, This BAT atrophy 2/so contributes to ar increase n leptin sacration,
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(C) Effects of o'd age on leptin secretion. Tne subcutaneous depat is atrophiad and fat accumulates viscerally and mostly in ectopic depots, Figh levels of leptn ara secretad
by visceral 2dipase tissue, concomitantly with an increase in glucosa intclerance peripherally probadly ztwributed to 2 in signaling. Cantrally, levels of POMC are sti
decrezsed, which ‘2ads to a more mparant atrophy of BAT &nd quiescent thermagenes's, Sinca BAT is inactive, levels of secreted leotin by this dssue are increased.




Almwdnc LoToC

MexpL rtpv amo 10 xpovia
Bewpouvoav To Atmwdn LoTO WC
aroOnKeUTIKO Opyavo

2NUEpPO Bewpeltal EKKPLTLKOC
adEvoc ou eKKpivel TToOAAOUC
TIOPAYOVTEC E TIOLKIAEC
Aewtoupyiec (emnpealouyv TNV
gvaloOnolia tn¢ tvoouAivng)

EAeUBepa Atmtapd oécal
AUTOKUTTOPOKLVEC




1A

5 1 §
45 1
4_
€3.5—
B 3
E
= 2A
‘=
g 2
] .
51.5
1;
0.5 1
0 T
Lean Obese
10, - 1B
g_
e O
E 61
E 5
L5 ] 4_
g
B 2
2 2
-1-
0

Lean Obese

Aggelousi et al. Pediatr Exerc Sci 2012



Table 1 Age, Physical Characteristics and Biochemical Variables
in Lean and Obese Children (Meanz SD)

Lean (n = 24) Obese (n = 18)

Age (yrs) 124 22 12316
Weight (kg) 468+ |18 ST.hx 112"
Height {m) 1.6+ 0.1 1.6+ 0.1
BMI (kg.m?) 18.8 + 1.7 231 £ 2.5%
te Body Fat 17.8+7.5 201 -+95%
Pubertal Stage 2.8 +0.35 2T7+05
Resistin (ng/ml) 0.6 +0.2 8.6 +0.2
Insulin (mIU/ml}) 101 +3.5 1233, T
Glucose (mM) 4.6+ 0.6 4.8 +0.5
HOMA 21 +03 2.6 +£009%

*Significantly different from the Lean group

Aggelousi et al. Pediatr Exerc Sci 2012



OeppoyEvVeEDN

* O daloc Ammwdnc LoTOC TIEPLEXEL
TMOAAEC ammoAn&eLg Tou , Kol €XEL

, , , y e UCP1 dissipate Thermogenesis
napa oAU KaAo ayyelako Siktuo. Cold == "W+ gradient ™ in BAT
fl-AR
e [leplexel oA KoLl - "W
TTOAAEC A0 e Y N
(U CPS) . > "'_.r_.l.'.lfu*.a«'ld‘ I"'-.-.-.\ti;Lt';-l|-.-...x-:\"'|ll
[ T YT e --..h__NL:L'r__:-':ls__s_f..--" l
e [Mapayel BeppotTnTa AOyw KpUOoU Kol _. __..-;;f'-"-q"t_; )i
dlattac Kol 0 TPOTOC EYKELTAL OTNV \\Sleg) o 7]
un-petadopd H+ mpog tnv cuvBdon OO
T — — ™

Tou ATP yia cuvBeon ATP aAAd
Stapeocou twv UCP



ATTIOOU{EUKTLKEC TIPWTELVEC

Yniapxouv Ttplwv popdwv UCP. H
UCP1, n UCP2, kawn UCP3.

H UCP1 prmopei pe to KataAAnlo
epeblopa va epdavioTel KoL o€
aAoug otoug  (Aeukog Autwbng
LOTOC, ).

Ot UCP2 kot UCP3 ekdpdlovtal Kot
oe aMoug Lotoug (Aeukog Amwong
LOTOG, )\ KOL TILOTEVETAL TIWG
naiovv poAo otnv Beppoyeveon.
Npoodpateg £peuveg SeixVouUV WG
TIOVTIKLOL TTOU TIOPOUGLALOUV HEYAAN
ouvykevtpwon UCP3 o010 OKEAETIKO
HU eivol

LATIVADE 40 S Redox state

IROS [ Heat




Brown Adipose Tissue Activity

Lean,
Thermoneutral

(PET-CT with'®F-FDG)
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Cold Exposure
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Cold Exposure
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Fig. 2 Correlations between body mas index and brown adipose tissue
activity normalized by body weight {a), body surface area (b)) and lean
body mass (cl. Note BAT = brown adipose tissie; BW = body weights
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Dinas et al. 2015



OeppoyEvVeEDN

e H Beppoyeveon tou Patol Atmwdouc Lotol UMOopELd
va puBulotel ano aAAayeC mou cupfaivouv:
» 2Tnv evboyevn dpaotnplotnta the UCP1
> 2Tov oplOuo twv UCP1
> 2TOV 0PLOUO TWV ULTOXOVOPLWV Kal AUTOKUTTAP WV
» 2Tnv uneprdaoia touv poaol Aumwdouc Lotou



Non-shivering thermogenests and obesity A5
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Fig. 2. Schematic representation of the effect of specific molecnles, hibernation, and cold on brown adipose tissue [BAT ) /briic
development, non-shivering thermogenesis (NST) sumulation and adiposity hased on the results of the present systematic analysis.
In mechanivm A, cold stimuli or specific molecules activate uncoupling protein-1 (LGP in the existing brown  adipooyvtes.
In mechanism B, certain molecoles or cold exposure stimulate brite cell development, increasing the mumber of brite cells
1. brite mass| and the expression of UCPL in brite adipocytes. In mechanism €, specific molecules, or hibernation, or caold
exposure lead (o morrased BAT mass, The up-regulation of UCP] expression in brown fmechanism A} and beite (mechanism 1)
adipocytes enhanoes NST and encrgy expenditure (EE). Finalby, all three mechanisms can lead o augmented BMR and reduced
adiposity levels in mammuals when regquent NST stimulaotion without lood intnke comprensation occurs, * = without food mtnke
compensation: T =mcrease; | = decrease; BAMP-T = bone morphogenetic protein 7; BAMR = hasal metabolic rate; FABPS = [ty
actd-binding protein 3; NP = nutruretic peplides; PE = Finelli fermaiz extract; Per2 = Period2; PlacB = plucenta-specific 8; FPAR-
¥ = prroxsome profiferator-activated receplor ¥ Rald = retinaldebyde debvdrogenase D Sirtd = silent mating tvpe information
regulntion 2. homaolog 3: T3 = m-iedothvromine.

Valente et al. 2015



Valente A, Carrillo AE, Tzatzarakis MN, Vakonaki E, Tsatsakis AM, Kenny GP, Koutedakis Y,
Jamurtas AZ, Flouris AD. The absorption and metabolism of a single L-menthol ORAL versus

SKIN administration: effects on thermogenesis and metabolic rate. Food Chem Toxicol. 2015
Sep 28.
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(Bautista et al. 2007; Colburn et al. 2007; Tajino et al. 2011; Tajino 2007; Ma et al. 2012)




Chapter 3 — Acute Human Study

gy L-menthol capsule
=) |actose capsule

Methods
ORAL

/ (5men+5 women)‘
\ SKIN

(5 men + 5 women)

—_—

gy L-menthol cream
Emmmm) water cream

Groups

[L-menthol crystals] = 10 mg-kg* body weight

Double blinded

Treatment
BS BS BS BS
I | | I | | I |
Data collection point—> B 0 1 2 3 4 5 6 7
Time (h:min) — 9:45 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

37




Chapter 3 — Acute Human Study

Results

Metabolisation

_+_
—a— Menthol

L-Menthol (ng/mL)

Menthol Glucuronide (ng/mL)

180 -

150
1320

120 -

6500

5500 -

4500 -

3500

2500

1500

350
300

250

00 -

Control

Oral Skin

!

S ———— e ———— i ——— — %

Baze

1 2 6 Base 1 2
Time (hours) Time (hours)

» 38



Chapter 3 — Acute Human Study

Results

-=4== Control

-+~ Control Oral Ski
—a— Menthol Oral Skin —8— Menthol L n
L]
o + + + 4 + + % + %
30
el 5
E 80 E m
—_ [i1]
E-'F il E 15
& [{] 10
EI'] af
H
10 ]
" -3
100
1148
9%
8
32,18 —
=, f oes
E.e 2 8O
5 sLEs E_
- = 3
3188 =
65
3135 o
Base & 1 2 & % 8% & 7  Hwe 0 1 2 8 & % B 7
09
36758 1
1571 4
3867 4
o.E8
— J6.63 1
Q o
=, 3658 o wJ
&
= 35355 i &a
IE51 4
ISAT 1
1548 - SO S TR T R— ; 3 a7 R .
Baxe @ i 2 i & 5 B T Base D 1 1 3 & 5 & 7 Base 0 1 I 3 4 5 E 7 Base 0O 1 i 3 [ & 7
Time (hours) Time (hours) Time (hours) Time (hours) 39




e AU&non tnc Beppoyeveonc kot Tou PeTafoAlkol puBuou
LLETA aTtO TNV TOmoBETNON TNC KPEUAC LLE HEVTOL

e MuwkpeC aAAayec peta th Andn TNC HEVTAC Ao To OTOMA,
nbavov géattioc Tov peyaAvtepou puBuou diaomaonc
¢ (Hiki et al, 2011).



O poloc tnc NE otn Beppoyeveon

e Auéavel tnv 6paoctnplotTnTa KaL TV cuvBeon
twv UCP1 (6lapeocou twv B3 adpevepywv
uTtoSOXEWV Kal TNV avénonc touv cAMP
evOOKUTTOPLAL),

e Odnyel otn dLaipeon Twv KUTTAPWY TOU dallov
Amwoouc LoTou, Kall

e Auéavel to xpovo nuulwnc twv UCP1.



O poloc tnc NE otn Beppoyeveon

e NE = evepyomnoinon B3 adpev. Yrnodoxewv = +
cAMP = + AutoAvon = + [A.O.] = mapoxn E kat +
dpaotnpLlotnTa HETAPOPAC TIPWTOVIWV.



e H «blatpodn kadetepLac» odnyel oe
uTtepmAacia tou patov AmwdouC LoToU, O€
avénuevn ovykevipwaon twv UCP1 ko
avénuevn ekppaon tou mMRNA twv UCP?2.

e MEoo MpooTaoilac EVAVILOV TNC TTaXUoopKLOC.



MutoyovopLa SLaPOPETLKWV NMEPLOOWV
LItoxovOpLloKknG yeveoncg napouaotalouv SLadpOopPETIKN
Beppoyova tkavotnta.

H daoknon avéavel tov aplOpo kaL tTov OYyKO TWV
Hrtoyovépiwv oto MUIKG w0t0.  Exel kamowa
enidpaon otnv avénon tng Oeppoyovac LKOVOTNTOC
Stapéocov t™ng Spactnpiotntac twv  UCP;
AnoteAéopata €peuvac UTTOOELKVUOUV KATL TETOLO
(Lanouette et al. 2002).

Xpovia aocknon
Xpovia xopnynon HEVTOC



