Ain Shams University
Faculty of Medicine
Anatomy Department

Aging of the heart and the
possible anti-aging methods

Essay
Submitted for partial fulfillment of Master Degree
In Anatomy

By
Marwa Abd El Moneim Abo El Fetoh
M. B. B.CH
Under supervision of

Prof. Dr. Kariman Mohamed Abd El-Fattah
El-Gohari

Head of Anatomy Department
Faculty of Medicine - Ain Shams University

Prof. Dr. Nawal Fouad Rizkalla

Professor of Anatomy
Faculty of Medicine - Ain Shams University

Prof. Dr. Osama Ahmed Hussein

Professor of Anatomy
Faculty of Medicine - Ain Shams University

2010



o)) Calla¥) g il 4R gas
L@A}ﬁ.ﬁj

cdil B el dag o Jsemall desie 2k Al

e dadia
Codl gl aniall ae 0 5a [ Ayukal)
dahally bl (sl

alyd) caal
G sl ZUall de deaa (e S/ siSall Y

il and )
Ol (pe daala — lall 4K

&) 35 alsd I g /) si€all A
el Sl
Gl (e daala — Ghll 4K

el Sl
el e daala — Glall 4K



2010

Acknowledgment 3
First of all, I would like to thank Allah for allowing me |}
to perform this study. .

My profound thanks and deep appreciation to Prof.
Dr.Kariman Mohamed Abd El-Fattah Al Gohari , Head of
Anatomy Department, Faculty of Medicine, Ain Shams
University, for her endless patience, valuable remarks,
guidance and support.

I would like to express my profound gratefulness and
sincere appreciation to Prof. Dr. Nawal Fouad Rizkalla
Professor of Anatomy, Faculty of Medicine, Ain Shams
University, for her support, valuable remarks and suggestions.

I wish to express my thanks to Prof. Or. Osama Ahmed
Hussein, Professor of Anatomy, Faculty of Medicine, Ain
Shams University, for his supervision, patience and

encouragement.

Finally, I would like to express my deepest %
thanks and gratitude to every member of my y
family, my professors and colleagues who stood
beside me throughout this work, giving me their

support, sympathy and guidance. v
I . I' . I' Marwa Abd EL Moneim Abo EL Fetoh Z&/ ‘




Contents

Acknowledgment ...,
List of Abbreviations ...............c.oooiiiiiiiiii.
Listof Tables ........ccooiiiiiiiiiiiiiiiii,
Listof Figures ........cccoiiiiiiiiiiiiiiien,

Introduction and Aim of Work ......................

Chapter One: Introduction to Aging Process

Chapter Two : Theories of Aging  ................
Chapter Three: Effect of Aging on The Heart ....
Chapter Four : Anti-Aging Methods ...............
Chapter Five : Longevity Genes ...................

Summary ...
ReferenCes  oovvieeee e,

Arabic Summary ...

20
57
78

82
85



List of Abbreviations

- All : Angiotensin II.

-A : Atrial Contraction.

-AAm :  Amino Acid Mixtures.

- ACE : Angiotensin Converting Enzyme.

- Ach : Acetylcholine.

- AChE : Acetylcholinesterase.

- AGEs : Advanced Glycation End-products.
- AGT : Angiotensinogen (serine or cysteine) Proteinase.
-AH : Aged Hyperlipemic.

- Al : Adequate Intake.

- Al : Artificial Intelligence.

-ALT 711 : Alagebrium.
- APOA1 : Apolipoprotein A-I.

- APOA4 : Apolipoprotein A-IV.

- APOC3 :  Apolipoprotein C-III.

- ApoD :  Apolipoproteins D.

- ApoE :  Apolipoproteins E.

- AT, : Angiotensin II Receptor Type-1.
-AV : Atrioventricular.

- beta-gal : Beta-galactosidase.

-CA : Coronary Arteries.

- Cayl.2 : Calcium Channel, Voltage-dependent, L-
type, Alpha 1C Subunit.

- CMECs : Cardiac Microvascular Endothelial Cells.

- COX-2 :  Cyclooxygenase-2.

- CPB2 : Carboxypeptidase B2 (plasma, carbo-
xypeptidase U).

-CR : Caloric Restriction.

- CSA : Cross- sectional Area.

- Cx : Connexin.

- DBH : Dopamine Beta-hydroxylase

- DBP : Diastolic Blood Pressure.

- DNA :  Deoxyribonucleic Acid.

-E : Early Diastole.

I



List of Abbreviations (Cont.)

-E/A : Early and Late Transmitral Filling.

- EC-SOD : Extracellular Superoxide Dismutase.

- EDV : End-diastolic Left Ventricular Volume.

-EF : Ejection Fraction.

-eNOS : Endothelial Nitric Oxide Synthase.

- ESV :  End-systolic Left Ventricular Volume.

-ET-1 : Endothelin-1.

- FOXO3A : Human Forkhead Box O3A Gene.

-g : Gram.

- GH1 :  Growth Hormone 1.

-g/kg/d :  Gram per Kilo gram per Day.

-GSH : Glutathione.

- GSTT1 : Glutathione S-Transferase Theta 1.

- HFABP : Heart Fatty-acid Binding Protein.

- Hgh :  Human Growth Hormone.

- HGPS : Hutchinson—Gilford Progeria Syndrome.

- HSPA1B : Heat Shock 70kDa Protein 1B.

- IFM : Interfibrillar Mitochondria.

-IGF-1 : Insulin Growth Factor-1.

- IGF2 : Insulin-like Growth Factor 2 (Somatomedin
A).

-IGF1IR : Insulin-like Growth Factor 1 Receptor

-1gG :  Immunoglobulin G.

- IMA : Internal Mammary Artery.

-IOM : The Institute of Medicine.

-1U : International Unit.

- keal : kilo calories.

- kg :  kilo gram.

- LAP : Left Atrial Pressure.

- LBB : Left Bundle Branch.

-LV : Left Ventricle.

- LVEDd : Left Ventricular Inner Diameter.

II



List of Abbreviations (Cont.)

- LVWED

- Ml

- MFAO
- um

- umz

- mg
-mm

- MNT

- MSRA

- m tall

- mtDNA
-N/A

- NADPH

- OS

End-diastolic ~ Left  Ventricular  Wall
Thickness.

Myocardial Infarction.

Myocardial Fatty Acid Oxidation.
Micro-meter.

Micro-meter Square.

Milli gram.

Milli-meter.

Molecular Nanotechnology.

Methionine Sulfoxide Reductase A.

Meter tall.

Mitochondrial DNA.

Not Applicable or Not Available.

Reduced Nicotinamide Adenine
Dinucleotide Phosphate.

Nitric Oxide.

Oxygen.

Superoxide Anions.

Old Exercise Trained.
Old Sedentary Controls.

- 8-0x0-dGTPase :8-oxo-7,8-Dihydrodeoxyguanosine

- P cells :
- PDGF- AB :
- PGP

- PIE

- PON1

-PTB
-RAM-11

- RDA
- RNA

Triphosphatase.
Pacemaker Cells.
Platelet-derived Growth Factor- AB.
Protein Gene Product.
Positive Inotropic Effect.
Paraoxonase 1.
N-phenacylthiazolium Bromide.
A Monoclonal Antibody to Rabbit
Macrophages.
Recommended Dietary Allowance.
Ribonucleic Acid.

III



List of Abbreviations (Cont.)

-ROS
- SAN
- SBP
-SCA
- SMC
- SNPs
-SOD
- SSM
- TGFp-1
-TH

- TNF

- TSR

- TXA,
-VCAM-1
- VEGF

- VSMCs

Reactive Oxygen Species.

Sinoatrial Node.

Systolic Blood Pressure.

Senescent Cell Antigen.

Smooth Muscle Cells.
Single-nucleotide Polymorphism.
Superoxide Dismutase.
Subsarcolemmal Mitochondria.
Transforming Growth Factor B-1.
Tyrosine Hydroxylase.

Tumor Necrosis Factor (TNF superfamily,
member 2).

Torsion-to-Shortening Ratio.
Thromboxane A,

Vascular Cell Adhesion Molecule-1.
Vascular Endothelial Growth Factor.
Vascular Smooth Muscle Cells.

- Vy|interstitium]: Volume Densities of The Interstitium.

- Vv|nc]

- WPV

-y

-YE

-YS

- YTHDF2

Volume Densities of The Nodal Cells.
Wavefront Propagation Velocity.
Year.

Young Exercise Trained.

Young Sedentary Controls.
YTH Domain Family, member 2.

1A%



List of Tables

Table Subject Page

1 Recommended Dietary Allowances (RDA) for | 68
Selenium for Children and Adults.

2 | Recommended Dietary Allowances (RDAs) for | 69
Vitamin A.

3 Recommended Dietary Allowances (RDAs) for | 70
Vitamin E (Alpha-Tocopherol).

4 | Recommended Dietary Allowances (RDAs) for| 72
Zinc.

5 Genes Analyzed for their Possible Association | 80

with Human Longevity




List of Figures

Fig. Subject Page
1 Telomeres Capping DNA. 12
2 | DNA Replication. 15
3 Transmural Difference in Contractile Myofiber | 23

Function

4 | Myocardial interstitial fibrosis. 26

5 | Immunofluorescence detection of connexin| 26
(Cx) 43.

6 | Representative histological cross sections of | 30
left ventricles stained with hematoxylin.

7 | Average number of myocytes and mean| 31
myocyte cross-sectional area in left ventricle.

8 | RAM-11 positive macrophages and a-actin-| 37
positive myofibroblasts in left ventricular
sections.

9 Contractile proteins. 38

10 | How a myocyte contract. 39

11 | Subsarcolemmal (SSM) and interfibrillar | 43
mitochondria (IFM).

12 | Photographs of the luminal surface of human | 49
coronary artery.

13 | Expression of Cavl.2 protein within the SA | 52

node declines with age.

VI




Lﬁ)d‘ uidlall

Gonslsandl) Gl gl apl) mliay) el Aasandl) Gt oSy
Ge poll 5 Ol Bal) 5 salll 5 Apgall o Jadi Al 5 el adE aa
o Lo capail Badae Agpha da g Y 4lld Al ALl Aus ol ) il puatll 2l
Aoy A 5 Gl e 2sie sy e a8l 5 Al pailad
sl sl o Caypenll A8y 3yl STl cGulill die 3 il Jsaasl)
Dl & daalll alphill 0 a4 Medawar dpki ad
s 1957 Hle & 5 .clahll SIpodphy G ) AsAndl
Aladll angill aaa ale (Blay AN 5 4iyykas Williams
aiyky Kirkwood 4 1977 sle 24 5 Antagonistic Pleiotropy
Disposable Soma Theory. olawll
il U o agall ed Aadl daph o yhell Adpal
sasaldll Cilegledd) Gubi & & zilall Aladl pladel) aliee lald Al
Ailiie Cilegena ) 328080 Clla sl 58 Lol A8 e
Slo Al ads V) Akl s Uasd) Gyl 5 daayd) Ayl g
i) el anid Apll) 3 L slbal) daie) alan ) g dpa gl sl e L)
Ll sl Calide o edill JIad) Gigaa ) gl e dakiad)
A A ae Ciaal ) lsnlls Jalan ol el s3gd Sy LS
@ pend JUl 5 sl st ) a5 O S Soall gl e
LSS alaill gl gaaall (L
Aphill 5 yseslillad dyylai 5 el adanll 40 calplall oda Jadi
Gae bl 5 o) —Hasd) kil g5 adl VISl A,k )kl
Ahme (s 5 Adda gl Sadia 5 AlAlNie fyuat A2 00 Caliay
Alme Cali 5 Y] Guhadl COliary Gad Al cDLaadl) Jady 5 ldl)



b le¥) ek LS L) i p i) 5 Aalil) 5ypl 8 jseadll 5 )
glai¥l A sal) ae lelaall ciliy, Las a5 WSl )
G rals o LS A3l e il sai Ay Bl Lol gl
s Mnd) aleall pe jabiall 5 Sl edal) A pmliasl —1
Saall a1 e Ll Aoy (mlia) e J
cled) ulad) a1 el el Gshal) Ao g b (aliaty) -2

DAl sl b il saa L ) slasY) ) daleayl
oo Wlil 2y cpladl Adla gae paaid Ll ol 5o USD el JleY|
LS LAyl alad  cpladl ABS 5 ) dlias) Ligyall Gailad Goh
5 @Al dSedl s (s 5 e 5 aaa B Dbt Al calas
A 2 Hls b K

5S ool il W) il aae o JA oSed) e
3y Alla b uiipad) CEey Gl il LSRN la asasal
Aadiiall il Aleal Algill il oSP5is 3V Calas )Y

lsidls eiY) 55 ae Advanced glycation end-product
saadl gsh clifiglly GOl oYl s L il L Sl 13l
lidaagy LSS o 5 lits nll o3¢ Guaili Lild L s 3 yaay g iaall
Aeispe o i las

Lo lisall aomsll 8 Lo pu i Y asld (i) il pual dnailly W
Glipa Aoy 33l b ased) Alla & (SIedd il ae slaasl) o
Gl Sl e dasanil g WSppmdl JUS ae s Gaaad il
Jaly slacV) Cailly o ae ligigll il o g lgld il
s gl (il Al



assdl I Culs dae 8 (el ol 11 Cuall saad dpally L
Cilpal alaie Lelid ) (55 Laa laylimily o LygSl 06 (alal ) 0%
Calil) 3alys WA jlasé His deja Jo daansll eyl Jodi Wl

plaill o (gohaii Gladley )l (1o damndll dadlle il ()5S

&b ol Jatige ada gl @illy Lagraall dalies dalyl) dujlass Sl3al)

Sl paiiilly 3auSY) Glaliass dphall Gl ity el KU
el due ¥y QB (e



Introduction and Aim of The Work,
INTRODUCTION

Senescence or aging is characterized by the declining
ability to respond to stress, increasing homeostatic imbalance
and increased risk of disease. As genes that have an effect on
aging are discovered, aging is increasingly being regarded as
potentially treatable (Timiras, 2007).

Aging has multiple causes, among which are the
accumulation of genetic damage or mutations in genes,
chromosomes, and mitochondria; the deposition of advanced
glycation endproducts (AGEs) in many cells and tissue
locations; the cross linking of collagen and elastin, abnormal
modifications of proteins; damage by reactive oxygen species
(ROS) and autoimmunity (Holliday, 2006).

Advancing age is associated with several interrelated
structural and functional changes in the myocardium,
including left ventricular (LV) concentric remodeling and
myocardial fibrosis (Weber, 2000).The earliest manifestation
of the age-related changes is abnormal LV diastolic filling
(Tokushima et al., 2001). Increased load on the heart due to
arterial stiffness leads to an increase in the mass of the heart
(hypertrophy) and to the formation of scar tissue in the heart
muscle, thereby leading to impairment of relaxation (Stern et
al., 2003).

Dysfunction of Sinoatrial Node (SA node), which may
be due to changes in the cellular properties of the constituent
cells of the SA node (Alings et al., 1995) or due to extension
of scar tissue will lead to major, and sometimes fatal
disturbances in heart rate and rhythm (Stern et al., 2003).

The goal of anti-aging medicine is to increase the health
span and not just the life span. Anti-aging medicine consists of
modalities and therapies involving diet, nutrition, exercise,
destress, functional balance, system reserves, and a balance in
anabolic to catabolic metabolism (Anton et al., 2006).



Introduction and Aim of The Work,

Aim of the work:
The aim of this work is to:
1- Define the aging process.
2- Outline the different theories of aging.
3- Describe the effects of aging on the heart.

4- Point out the different ant-aging measures.



