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ENINTQ2H TOY AIABHTH

30.000.000 (1985)
194.000.000 (2003)
333.000.000 (2025)

* AUZnon Aoyw TnG
BeATiwong Tou
TTPOOCOOKIMOU ETTIRIWONG

& TNG AAAOYRG TWV
TPOTUTTWYV dlaBiwong




ATTICA study

overweight obese
53%0 males 20%0 males
31% females 159% females

Cardiometabolic Syndrom
25.2% NEIES
14.6% females

Diabetes prevalence

WEIES Females Total Egaleo study 1990
8.5 (%) 7.8 (%) 8.2 (%) 5.9(%)

Gikas A et al in BMC Public Health. 2004 Feb 14;4(1):2



AOHPQMATIKH NOzOx

& METABOAIKO 2YNAPOMO

Dyslipidemia Hypertension
ACE Inhibitors

Angnotensin Receptor Blockers

Fibri AS:: tiDns ti 7 B-Blockers
onCin r.wa - ATHEROSCLEROSIS Calcium Channel Blockers
Thiazolidinediones? S < +

- uretics

-‘_—; ——

-

Hyperglycemia Platelet Activation

Insulin Resistance and Aggregation

Insulin
Metformin -
Thiazolidinediones Aspirin
Sulfonylureas Clopidogrel
Ticlopidine

Nonsulfonylurea
Secretagogues




“Pharaoh Merenptah (7213 -1203 B¢) died at age 6o, he
had atherosclerosis, arthritis and dental decay.”

Allam AH et al, Computed Tomographic
Assessment of Atherosclerosis In
Ancient Egyptian Mummies

JAMA 2009: 302(19)2091-4

20 ancient Egyptian mummies

high socio-economic position such as priests, court officials
died at an average age 495,

serious cardiovascular diseases

vascular calcifications observed in both males & females

used salt to preserve food (increases blood pressure)

3/

N rT:B N Rt '.‘.". eating large amounts of bread, cheese, red meat and poultry
'—A/m’:igjo?r M \’ ‘

as well as honey & cakes with butter, (increases cholesterol)




«THE GENE» HYPOTHESIS

T

«all hereditary
and genetic
information exist

\p '. J in the sperm»
E Sl ANAXAGORAS
7 < 500 - 428 B.C.
2\l )

«species
evolution theory» E

ANAXIMANDROS
(611-546 B.C.)




From the 20t .....
.....to the 21st century

April 1953

April 2003

The
Human
Genome
Project

National
Human
Genome
Research
Institute, NIH

Charles Damwin (colourzed BEW print)

1809 - 1882




MICROARRAYS
GENE PROJECTS

E. Imaging Genome-wide SNP Chips
- (500,000 SNPs)

A. RNA Isolation

Sample A Sample B
‘ Sample A>B

hae Sample A = 13 [ R R R
~ Sample B> A
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B. cDNA Generation
C. Labeling of Probe

Reverse Transcriptase

l Fluorescent
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GENE EXPRESSION
IN DIABETES MELLITUS

NALUTE REVIEWS| |

In eukaryotes, most protein-coding genes are transcribed by RN polymerase 1T, which generates pre-rRNAs that are
then processed to form mature mRNAS. These mRNAS are then transported from the nucleus to the cytoplasm, where
they are translated.

EEJE] kW ‘ ‘
PartGeneeapression |,

RdRp

0 T ||

0\ Copyright 2001 Nature: Publishin Group, ot by Ankiekfor Nt Revis Gt

Studied 6.451 genes where
hyperglycemia modified the
expression of 85

Insulin treatment normalized 74

...Wwhile modified the expression
of 29, previously normal .!!!

But 11 remained unchanged

Sreekumar R, Halvatsiotis P, Nair S.
Diabetes 51:1913-20, 2002



GENOME & DIABETES MELLITUS

Fold

Structural/contractile genes
2.9* T

{ 2.1+

Il 21

{ 2.0*

l 2.0
l 1.9

Stress response/energy
metabolism

32 1
lZD

Growth factor/tissue development

29 1

} 2.0
l 21+

Gene name

Calmodulin Type |
Troponin | fast-twitch
Troponin C fast-twitch
Skeletal muscle C-protein
Troponin | slow-twitch

Tropomyosin

Heat shock protein, 70 kDa

NADH dehydrogenase-
ubiquinone

IGFBP-5
MCL1
Cadherin FIB3

Gene Expression Profile in
Skeletal Muscle of Type 2
Diabetes and the Effect of Insulin
Treatment

Raghavakaimal Sreekumar,
Panagiotis Halvatsiotis, et al
Diabetes 51:1913-1920, 2002




GENOME WIDE ASSOCIATION
STUDIES IN DIABETES MELLITUS

BMI is not the only determinant
of Type 2 diabetes

[ Non-Diabatic
I Diabetic

o
-

Percent

1% 20 25 %0 3N 40 4 S & 0

Body Mass Index

DARTS study

wbrryeesl it e 1 e Therbamn ' S Lamidieni! Min Bemed b s

April 26th 2007

2007 is a very good year for type 2
diabetes genetics!

SCICNCCXPIess Repart

o Bt 6 oo - Winls A miotbon Sl b U1 Smpdes Rt Rk Lot
2

SCIencexpess Repert

NGeenomt Wik Avverbonten Sondy of Type § Blaberes b Flaw Deneons Maliple

2007

Genome Wide Avsazharken Analysis Dile noifies Lock for Type 2 Diabsetes and
Trighveeride Lavels

Tusbeows G Ointotn v of Deoad Snstrae of v sd NET. Land Univenaty s Novwne Jown v Sor Dasdinde i

ot April 26th 2007

Avariant in CDRALF influences insulin response and risk
of W}T Y diabetes ol L ) T M X

Feb 11th 2007 AR

A genome-wide association study
identifies novel risk loci for type 2 diabetes

Fobert St * ohon Beg™, Chistian Dra™, Lahuang Sten’, Dave Sene
Philge Scutn’, D wancy o Bolrin’, Somy Wadiact’, o vt vy Bahae’, Bardora | iewce”
Cuslaste Ounce Thones | Mossen™ " Aeemdie Mamiel L', Aleey ¥, Pubesietaly ", Mo Preslil
Bory | Py, | Awdng ", Dvedd Ny, Comtsmtn Pedyzbrensboy' * K Fiol o Frepnl ™
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INGLE UCLEOTIDE
OLYMORPHISM

But 1n practice,
only two are observed

10.000.000 SNIPs
Polymorhism if present in <1%

&
e
e
e

il

il
sl

Linkage studies
p<5x107



«DIABETOGENIC» GENES

Results of GWA with 317,503 SNPs
Stage 1: FUSION only (1161 cases + 1174 controls) n=2323554

11610171 NNPREDEEUEE

+

DGI WTCCC/UKT2D | All Samples

Gene OR pvalue [ OR pvalue [OR  pvalue

TCF7L2 138 23x10% [ 137 67x100 J137 10x10®

{GF2BF2 1. 117 17x10* (111 16x10* JL14 89x10%

CDKN2AB 1. , 120 54x10% | 119 49x107 §120 78x10¥

Flo 1. 103 025 [123 73x10M J117 13x10%
CDKALL 1. 0095 108 0004 116 13x10* 112 41x10"
Kennr 1 115 105107 [115 00013 JLM4 67x10V

HHEX : . 114 17x104 | 113 46x10% §L13 57x100

SLC3048 1. 107 o047 | 112 70x10f L2 S53xl0f

Stagel_FUSION+DGI+WTCCC | Chr 11 ; 116 012 113 0068 J123 43x107
(4549 cases + 5579 controls) PPARG 1. 109 oo |13 oo |uae 7o




DIABETES GENES

Insulin
Resistance

Type 2
diabetes

KCNJ11
TCF7L2
IGF2BP2

SLC30A8
!

~—
| i

CDKAL1
CDKN2A/B
TCF2 (HNF1B)

7

Beta-cell Reduced Beta-
dysfunction cell mass

Reduced insulin
secretion




TCF/L2

 Type 2
susceptibility
gene (linkage
study in Iceland)

* Widely replicated
In type 2 diabetes

« Caucasians and
Africans, lower In

78 9401112 13141516470 0 2

AS I an 5 Chromosome




H AIAITA TOY MONOMAXOY

«O1 yovopaxol nrav
ATTaPAITNTO Va JIaBETOUV
QPKETO UTTOOOPIO AITTOG,
YiQ VO TTPOCTATEUOVTAI ATTO
TOUG TPAUMNATIOUOUC YIATI
AEITOUPYEI WC «aaTTiOO»
yid T VEUPA Kal T HeEyaAa
ayyeia. Etiong 1a
TPaAUUATA TTOU
alJoppayoucayv ATAv TTI0
OeapaTika. »

Karl Grossschmidt
The London Times 12/15/02




8 — KYTTAPO
& INSOYAINOANTIZTASH

Overnutrition. inactivity, envircnmental factors

Obese, insulin
resistant/
hypennsulinemic

Predisposition to
hyperinsulinemia, insulin resistance

Pancreatic
islets

Pradisposition to [ cell fallure/ime

B cell compensation 3 cell dysfunction 3 c=ll failure
NGT IGT T2D




FTO GENE

FTO consistently associated with BMI
in 30,081 adults from 13 studies

Per-A nleie
noeate nbgBd %
Sudy © Lacore (3% Weght

The FTO gene Is the second most important gene
for Type 2 diabetes risk in the UK scan

ORI gene | S

' '
WICCC Cases 0.15(000,021) b
. 120 Caes - 000m03) 2
U120 Cengtes Consertum Cases onoos0m) 9%

I Suttsl (-aquaied = 156%,p s 0.006) : 042(010,047)
FTO gene Honadobelic corbrals ’

£1500H Carircli 0.13(008,02%)
pe o LK 12D Cenchcs Consertun Cerirots ' 023 (04,013)
Subdctal (squared = 16 7%, p= 0 275) 0.40(005,0 14)

Pepustion based
ALSPAC Mother s 051(008,005) 2108
GG - 0M,01) 1N
OrterdBetars 1 010(000,020) 29
Catrphily_Seedtned . 00 (003,015 66
EPIC Mertol Conbret Canant - 0(003,018) 19
BHE 0RO, 103
FEHANT E - omtam. 01 M
Sutecte (Loquared « D0%, p 0 §73) 010(008,012) 6576

Ftmeginty betwaan graupt p v 0243 P=3x1 0‘,'5

Ol (Lequwad w 00%,p v 0 746) é 010 (008,012)
|

L I

0 01 logBMIZ score

AA (18%) v TT(37%) ~1.0 kgm? =~ 2-3kg heavier
) 6 6 9 10 1112 13 14 161815

Chromosome Frayling e o Soience 2007 Frayling et al Science 2007




CDKN2A/B &
CARDIOVASCULAR DISEASE

‘ | _ | Type 2 diabetes and CAD map to adjacent
A Common Allele on Chromosome 9 Associated with Coronary Heart Discase haplotypes CI 0se tO CDKN 2 A I?B

Ruth MePherson,"f Alexander Pertsemidis,“* Nihan Kavaslar,” Alexandre Stewan,' Robert Roberts, David R Cow,’ David A
Hinds, Len A I'ezm.x:(hm'\nncl‘.hq:ﬁg-}hnwn Aaron R. Folsom," Enic Boerwinkle, Helen H. Hobbs,™ Jonathan (

OR p

- CAD T2D wiCce 122 7.6x104
Divisaon of Cardaology, University of Ottawa Heart Institute, Ottawa KIYAWT, Canada. *Donald W. Reynolds Cardiovscular (1.49-1.37)
Clinieal Research Center and the Eugene MeDermott Center fo Human Growth and Development, University of Texas
Southwestem Meducal Center, Dallas, TX 73390, USA, “Perlegen Sciences, Mountain View, CA 94043, USA, "Genomigs || | )
Division, Lawrence Berkeley National Laboratory, Berkeley, CA %4720, USA & U8, Department of Energy Joint Genome ' R2BAR
Institute, Walnod Creck, CA 94598, USA. "Depariment of Clinkcal Biochemsiry, Rigshospitalel, Copenhagen Universily
Hospital, Copenhagen DK-2100, Denmark. “Drvision of Epidemiology and Community Health, University of Minnesota
Minnasnalic LN CCACL 1IRA  Human Canatine Cantaw wnd Tnovinis fe Malasiler Madising 1inivaming af Tavee Haalik

Cohen™'t

1510811081 UK rap 118 1.7%104
—— (1081 28)

0Gl 1.20 54010%
(1.12428)
FUSION 1.20 222108
3 13797263‘ . (1.07-1.30)
: P Al 120 | 7810
22 el e {1.1¢125)
€ COMN2A € COKNZR

by ,....._.,:.._._4._.“_....1.._'_.,,_14 o sull L3 OR p
, . ‘ ‘ ) ‘ WTCCE 146 | ami0d
A Common Variant on Chromosome 9p21 Affects the Risk of Myocardial Infarction (17427

. o : . UK rep 112 B.oni0+
Anna Helgadottir,"* Gudmar Thorkcifsson,™ Andrei Manolescu.™ Solveig Gretarsdottir, Thorarinn (1.084.90)

Blondal,” Aslaug Jonasdottir Adalbjorg Jonasdott, Aagrir&lgmdwm‘ Adam Baker, Amar Palsson, 0al 1.08 0.8
Cisl Masson,' Danicl Gudbjarsson,'Kristinn P. Magnusson, Karl Andersen,” Allan . Levey, Valgerdur - - il
M. Backman,"Sigurborg Matthiasdotir,' Thorbjorg Jonsdotir,"Stefan Palsson,' Helga Finarsdottir, RE, s ;:132_” .
Stcinunn Gunnarsdotti,” Arnaldur Gylfason,' Viola Vaccarino," W, Craig Hooper, Muredach P, Reilly, ol -, 12 e
Christopher B, Granger," Harland Austin,' Daniel J Rader,' Svati H. Shah.” Arshed A Quyyumi," Jeffrey R, Chr9 signal maps near COKN2A/N2E genes (102447
Guleher, Gudmundur Thorgeirsson * Unnur Thorsteinsdottr, Augustine Kong # Kari Stefansson't Zegqiniet al Science 2007 & WTCCG Nature 2007




ANOAO2ZzH 2THN A2KH2H

The HERITAGE Family Study Exercisel] V0:max Response in Whites of HFS

Training Program

12001 Mean response VO, max: 384 ml O,/min

STyiiration: 3 weeki 000 Mavimal heritability = 47%

» Frequency: 3 times per week 800 | | |

|
# Intensity and duration: 600j e \ |||‘ "‘| |||'I (i ‘ ll I 'I'

" Wks 1-2: HR at 53% VO, for 30 min 4007 ||','.,!|.. L ""!!" ||||'|||.Il '
‘ ||'f|!|‘.|m.'l it ||||'||| I|I|| ‘|

" Wks 3-14: gradually to HR at 75% max, 50 min m i
* Wks 15-20: HR at 75% VO, for 50 min |I|l'“|l‘”|’
0.
2001
)10 20 30 4 S 6 0 80 %
Families ranked by family mean g

2max

»Computer-controlled cycle ergometers

# Training supervised in the laboratory

Bouchard et al. JAP, 1999




HERITAGE FAMILY STUDY

VO,max Training Response in HFS

©
W
=
-
-
-+
-
-
=
W
(r
=
o
A

483 Whites, 259 Blacks, 17-65 years of age;
Mean gain = 384 ml O,, SD >202 ml

Bouchard et al, JAP, 1999




TONIAIA «KAEIAIA» A KAAYTEPH
AINOAO2H 2THN AzZKHzH

Single Gene Defects Affecting the
Adaptation to Exercise

> Genes affecting cardiac performance
» Genes affecting oxygen transport

» (enes affecting skeletal muscle glycogen
metabolism

» (Genes affecting skeletal muscle lipid metabolism

» Genes affecting mitochondrial biology




A2KHZH - TONIAIAKO YNO2ZTPQMA
& IN2OYAINIKH EYAIZOHZIA

Pre- and Post-training Effects for White
FHL1 is Encoded on Chr X p27 [ Males of HFS with FHL1 rs2180062C>T

C genotype n=176 T genotype n=40

O Pre-training 9001
@ Post-training

500
[ Di=pe% =

; i HIH\ _+_ 700

DI=§22%

=N
=
L

600

04‘| 1 T T 1 0“/'1 1 T T T
00 40 45 S0 S5 0.0 40 45 50 55

§, (104 min (/U] S, (10" min’ [p/Umi)]|!

Teran-Garcia et al, Diabetologia, in press EJ




METABOAIKEZ MAPAMETPOI
& AIMNAOTYTOI

Perilipin Gene Variant (rs2304795) Is Associated with ACE IID Predicts Baseline SBP and

Greater TG Excursions During a High Fat Meal Salt Sensitivity
BASELINE SALT SENSITIVITY

j"/ ‘\‘*‘

-
-
=3

-
=3
o

p < 0.001 p=0.003 p=0.018, acjusted for

(CC vs. CT+TT)

un

-

=
-
-
E

Clinical extrapolation:
ACE genotype (with
other genotypes) may
predict who can

| tolerate a high salt

diet and who cannot,

e

<N

k=23
—-
=3
o

Clinical extrapolation:
PLIN genotype (with other

genotypes) may predict who
should be on an Atkins vs,

-
—
L=

=3
o

T
o
£
0
7
£ 19
@
Q
2
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T
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j
|
i
2
i

Ornish-type diet

[ (nutrigenomics)
50

0 1 2 3 4 §
Time (hours)

~—~
=3

Damcott, et &l in preparation Damcott, et &l in preparation



BACTERIA & HEALTH

Friendly Bacteria Unfriendly Bacteria
L. acidophilus, L. salivarius, Pathogenic bacteria & fun%i,
L. casei, L. thermophilus, such as Candida albicans, etc.
B. bifidumn, B. longum, etc.

|  ENDOSCOPIC VIEWS OF ULCERATIVE COLITIS BEFORE
AND AFTER TREATMENT WITH VSL#3 PROBIOTIC

-z 2

PERIODONTITIS & Ml e il

THE FOUR IMAGES TO THE LEFT ARE SASELINE ENDOSCOPIC VIEWS FROM A PATIENT WITH ULCERATIVE €O
WHO DID NOT RESPOND TO CONVENTIONAL DRUG THERAPY., THE IMAGES TO THE RIGHT ARE FROM THE SAME

PATIENT AFTER SIX WEEXS OF TREATMENT WITH THE VSL#3 FPRODIOTIC COMUINATION. IMAGES REFRINTLO WITH

PERMISSION OF RICHAKD FEDORAX, MD, UNIVERSITY OF ALBERTA,



HOW HUMANS WE ARE?

nature

An obesity-associated gut microbiome
with increased capacity for energy harvest

Peter ). Tumbaugh' Ruth E. Ley' Michael A Mahowald', Vincent Mag & Jellrey | Gordor

i, Elaine R. M

BRIEF COMMUNICATIONS

MICROBIAL ECOLOGY

Human gut microbes associated with obesity

Ruth E. Ley, Peter ). Turnbaugh, Samuel Klein,
Juffrey |, Gordon

NATURE|Vo! 444121 Decamber 2006

Obese/Type 2 Diabetics have
> Firmicutes: Bacteroidetes ratio than normal

CRITICAL DIFFERENCES IN CHOLINE METABOLISM
BETWEEN BALB/C AND C129S6 MICE

LD HFD DMA *~

BALBE
TMA———* TMAO

: FIA03
12056 . '

Microbial processing in the gut

+ Qsphosphocholing ==+ choline—— Betaine aldehyde

/ /JPheshoryicholing Cﬁoﬂnc Choline  Betaine a!dchydé
[ Yty transterase  hinase oxidase dehydrogenase
' Betaine
CDP-Choline |
N Betaine-homocysteine [Homecysteine
Phosphotransferase -methyl-ansferase | pethionine
'
3 Glycine Sarcosine*——— N N-dimethylglycine
P:h‘““e Sarcosine Dimethyiglycine
-5 dehydrogenase | dehydrogenase
'
Creatinine Créatihé *—* Phosphocreatine
Creatinase Creatine kinase
BALB/c HFD
BALB/c LFD

PNAS | August 15,2006 | vol 103 | no 33 | 12500-125%



MICROBIAL ENVIRONMENT
& METABOLIC SYNDROM

ChewyYBears

AND FRIENDS

o ——

*100 trillion bacteria

*10% of our cell
population

17 certain
polymorphisms
responsible for high
LDL & low
glutathione

mpanisd s
GUARANTEED FREE OF yeant
whedl ghulen. ik or mik dedtves
i T Arva »

.
v,
avor sodum (ess han

Recent changes in lifestyles

el have altered the human gut

microbiome and linked
disease patterns forever!

Special Biological Bandits:

Weird dietary fads
Antibiotic abuse
General drug popping
Western Post WW2 Diet
Dietary supplements

Exotic travel at

an early age...exposures?
Immunological
‘overprotection’ of children?

.. |8 this really a good idea?

& peral Colege, 2007

© ipers! Calege,

Some major ‘non-infectious’ human
diseases and conditions with associated gut
microbiotal disorders: All “modern” diseases.

Gastric ulcers (Helicobacter pyfori) - Barry J Marshall &
J Robin Warren (2005 Nobel Prize for Medicine)

Colonic cancer
Inflammatory bowel conditions
Ulcerative Colitis & Crohn’s disease
Allergies & related immune disorders
asthma, eczema, psoriasis....
Insulin resistance related diseases- type 2
diabetes and obesity...
Many neuropsychiatric disorders....




“THRIFTY GENOTYPE”




AIATPO®H & METABOAIKO 2YNAPOMO

PREHISTORIC

MAN

| e AlaTpoery: TTAoUCIa O€ TTPWTEIVEG,
TITWYN 0€ UdATAVOPAKEC
XapnAa etitreda IVOOUAIVNG

Au&r]pevr] puoIki dpaoTnPIOTNTA

Alarpopnry:  TPOPIUA uWPnAOU YAUKQIUIKOU
OeikTn & TTAoUCIa o€ AiITTapd
METAYEUMATIKI) UTTEPIVOOUAIVAIUIQ
TTaXuoapKia ,
METABOAIKO ouvdpopo & 2. AlaBNATN
ETroxr Tou TnA€ - control



AOI'Ol MEIQMENHZ
OYZIKHZ APAXTHPIOTHTA

MPIN THN EKBIOMHXANIZH

YTraifpia mraiyvidia, KUuviyi,
AYPOTIKEG AOXOAiEC, KOTOOKEUEG
MepTTATNUA-HETAPOPES

mpm | POPIPA DUCEUPETA

ram * META THN EKBIOMHXANIZH
= : “"  TnAekovTpoA, KevTpiki 8éppavaon

= AuToKivnTad, HNXOVEG,

& Internet shopping




THRIFTY GENOTYPE

Animal models of the thrifty genotype Animal models of the thrifty genotype

| 3_ ‘ Egyptian sand rat
AR (Psammomys obesus)

Spiny mouse
(Acomys cahirinus)

;.“ﬂh;'i{' 4 Y ) |
T hg : Tuco-uco
e L N (Ctenomys talarum)

Rounck-tailed Ground Squirrel
(Spermaphilus tereticaudus)

Rhesus macaque
(Macaca mulatta)

10 12 %4 % 18 20 2 N X B3 N




PIMA INDIANS

“EVolLUTioN"

© Zso4 CARoL LAY

Prevalence of Type 2 Diabetes

in Pima Indians in Mexico and Arizona
(Aged 20 years and over)

40|
201
10
0. .

Mexican Arizona
Pima Pima

Percent
[
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CALORIC RESTRICTION &

A

Although a senior citizen — the average rhesus monkey
lifespan in captivity is 27 — Canto, above, is aging fairly
well. Qutwardly, he has a nice coat, elastic skin, a smooth
gait, upright posture and an energetic demeanor, His
bloodwork shows he is as healthy as he looks.

Breakfast fermented Lunch lofu,
soybeans and garlic konyakku and carrots

Dinner vegan sausage, kale,
tomate sauce and salad

\

MONKEY MENU
— Daily calories =
445 885

Monkeys also receive an apple
each day

HUMAN MENU
— Daily calories =
2,000 3,000
Beverages, snacks and
desserts not shown. Diet varies

according lo body lype, sex
and aclivity level

Owen, 26

He gets more food, but Owen, above, isn't aging as we
His posture has been affected by arthritis, His skin is
wrinkled and his hair is falling out. Owen is frail and moves
slowly, His bloodwork shows unhealthy levels of glucose
and triglycerides

Diet of an average, active human male of 36

Photos by Jim Wilsan and Tory Cenicola/ The New York Times and Lars Klove for The New York Times




CALORIC RESTRICTION &

Age-related mortality

'
©

4 Control ﬁ
) -0 LCD
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Overall mortality

5: Insulin (uU/dL)

Control
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—— CR

T 0
P
*

Age (years)

ercentage of animals without
age-related disease
Survival
DNA Damage Comet (au) P abuis g Glucose (ug/dL)

0
7

RJ Colman & R Weindruch

Science. 2009; 325(5937): 201—4 LK Heilbronn et al JAMA. 2006; 295(13):1539-48




O TENIKOC TTPOOPICHOC TNG TPOPNC
gival N «kauon» oTa PiIToxovopla

CO2
H20
ATP
OepuoTnTa

~100 kg
NITTOC, YAUKOYOVO, TTPWTEIVEC




H «<AEH» TOY KYTTAPOY

Membrane
disorganization

Respiratory chain defect

Diseases

Drop in Drop in and
MEMDrane wepe ATP men Aging
potential production

Fig. 6. Possible mechanisms of mitochondrial dysfunction include (1) Mitochondrial
DNA (mtDNA) mutation caused by free radical damage; (2) Krebs' cycle decreased
2 : efficiency due to inadequate Krebs' cycle intermediates; (3) Respiratory chain defect
5:3;;59;’.:g}‘ocme”,ggﬂgégpfoﬁaéhﬁ, due to enzyme and substrate alterations; and (4) Membrane disorganization and loss
Il of &owbod of fluidity. (Rustin, P. et al. “Defective mitochondria, free radicals, cell death—Reality
every ceil of the Doay. or myth-ochondria,” Mech Age Develop, 2000-206.)
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