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Distinguished Ladies and Gentlemen.

In all humility and thanks to the almighty God, I stand before you this
afternoon to present the Sth Inaugural Lecture of Lead City University,
Ibadan. First, [ wish to acknowledge this privilege and opportunity given
me to deliver the inaugural lecture on behalf of the Faculty of Science. It is
on record that this is the 2nd inaugural lecture in the faculty of Science and
the second in the department of Biochemistry. I also wish to note that in the
entire Lead City University system, I have four predecessors in this noble
academic tradition in the persons of Femi Onabajo the current Vice
Chancellor; Shadrach Agunbiade of the Department of Biochemistry;
Chibuzo Nwoke of the Department of Politics and International Relations;
and Felix Onabajo of the Department of Management and Accounting. As
amark of respect, I doff my cap to them.

Mr. Vice chancellor, Sir, I consider this noble academic tradition as a
unique and rare opportunity for me to contribute to the current issues of
life, and to review my research activities in my chosen field, that is to say, the
journey so far, the relevance or otherwise, in uplifting the socio-economic
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well-being of our people. It is on this premise that I will anchor my
presentation.

Introduction

M. Vice chancellor, Sir, as a nutritional biochemist and a food scientist I
feel deeply concerned and worried by the reduced life expectancy currently
being experienced in this generation of ours due to some degenerative
diseases like, cancer, atherosclerosis, coronary artery diseases, arthritis, just
to mention a few. '

In addition, some of us are aging and we need to slow down the aging

process so that we can enjoy an extended life expectancy.
Afeerwards, it is the plan of God for all to enjoy our life to the fullest as
contained in the book of life that “Beloved, I wish above all things that
thou mayest prosper and be in health even as thy soul prospereth” (3" John
2).Itis on record that our predecessors enjoyed an extended life expectancy.
For example, Abraham lived for 175 years, Isaac lived for 145 years, Jacob
lived for 147 years. ' ;

Something must be wrong somewhere, if we are not havingan extended
life expectancy as our forefathers and predecessors. God said in Genesis
1:29, “Behold, I have given you every herb bearing seed, which is upon the
face of all the carth, and every tree, in which is the fruit of a tree yielding
seed, to you it shall be for meat. :

Mr. Vice chancellor, Sir, there must be a missing part in God’s package for
our health towards an extended life expectancy, it is therefore to this end
that T have considered it appropriate as my choice of topic for this inaugural
lecture - “That we may enjoy an extended life expectancy - The Roles of
Free Radicals, Reactive Oxygen Species (ROS) and Antioxidants in aging”

Life expectancy can be defined as a statistical measure of how longa
person or organism may live based on the year of birth, current age and
other demographic factors,

Life span refers to the maximum number of years a human can live. The
longest human life documented to date is 122 years for a woman and 144
years for a man. The genes play a key role in determining longevity but
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environment is also important. Currently, life expectancy in North America
is about 74 years for men and about 80 years for women. (Wardlaw and
Smith, 2008)

Worldwide, the highest average life expectancy is in Japan, 82 years for
women and 74 years for men, especially on the island of Okinawa.
Researchers here suggested that the traditional Okinawa diet based on rice,
fish, vegetable protein sources, fruits, vegetables, tea, herbs for seasoning
and small amounts of meat, as well as a generally low calorie intake (BMI of
21), minimal intake of alcohol and salt contribute to this longevity [ Wardlaw
and Smith, 2008].

Presently, in Nigeria life expectancy data from the National Bureau of
Statistics reveal that life expectancy for men is 51 years and 53 years for
women.

What Actually is Aging?

Aging can be described as a process of slow cell death beginning soon after
fertilization. When we are young, aging is not apparent because the major
metabolic activities are geared towards growth and maturation. We produce
plenty of active cells to meet physiological needs. During late adolescence
and adulthood the body’s major task is to maintain cells. Inevitably, cells
age and die. Eventually, as more cells die, the body can adjust to meet all
physiological demands, and body functioning begins to decrease. Such
decline in physiological function with age include: Maximum breathing
capacity; Nerve velocity conduction; Work Rate, Basal metabolic Rate,
Cardiacoutput.
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Fig. 1: Effect of aging on metabolic activ.uies
Source: (Wardlaw and Smith, 2008).

Many hypothesis have been proposed for the cause of aging, these include:

1.~ Errors occurring in copying the genetic blue print (DNA): Once
sufficient errors in DNA copying accumulate, a cell can no longer
synthesize the major proteins needed to function and it therefore dies.

2. Connective tissues stiffen: Parallel protein strands found mostly in
connective tissue, cross-link to each other. This decreases flexibility in
key body components.

3. Hormone function changes: The blood concentration of many
hormones, such as testosterone in men falls during the aging process.

4. Glycosylation of protein: Blood glucose when chronically elevated,
attaches to various blood and body protein. This decreases protein

function and can encourage immune system attack on such altered
protein.
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5. Autoimmunity develops: Autoimmune reactions occur when white
blood cells and other immune system components begin to attack body
tissues in addition to foreign proteins.

6. Death is programmed into cell: Each human cell divide only about
50times. Once the total number of division is achieved or occurs, the
cell automatically succumbs.

7. Excess calorie intake speeds body breakdown: Underfed animals,
such as spiders, mice and rats live longer. Usual calorie intake be reduced
by about 30% to see the effect.

8. Electron-secking compounds damage cell parts [Free Radical
Theory]: Electron-seeking free radicals can break down cell membrane
and proteins. However, the free radical theory appears to have an overall
effect on all the other hypothesis since any damage to DNA and other
cell macromolecules will affect overall cell functions.

Numerous studies have demonstrated a role for free radical in the ageing
process and this tentatively supported the free radical theory of ageing
[Saseki et al, 2008; Hamilton, Brosnan, Mclntyre, Granhan and Dominiczak
2001; Chen et al., 2001; Saweda and Carlson, 1987; Jackson, Yam, Gao,
Rinco A-Skinner, River and Edwards, 2007]. Miyazawa, Ishii, Yasuda, Noda,
Onouchiand Hartman, 2009].

The Free Radical Theory of Aging

This is a theory based on free radicals and radiation chemistry [Harman,
1956). The Free Radical theory of aging states that organisms age because
cellsaccumulate free radical damage over time. A free radical is any atom or
molecule that has a single unpaired electron in an outer shell [Harman,

1956; Hekimi, Laponik and Wen, 2011].

Free radicals are highly reactive and unstable: strictly speaking, the free
radical theory is only concerned with free radicals such as superoxide anion
(O,) which is produced by univalent reduction of molecular oxygen in
cells and tissues during tissue respiration.
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The free radical theory of ageing was proposed by Harman in the 1950s.

Two things inspired Harman in proposing this theory;

(i) The rate ofliving theory which states that life span is an inverse function
of metabolic rate, which in turn is directly proportional to oxygen
consumption.

(if) Rebecca Gershman’s observations that hyperbaric oxygen toxicity and
radiation toxicity could be explained by the same underlying
phenomenon of free radicals [Harman, 1956]

Role of Mitochondria in Reactive Oxygen Species (Ros) Production
The mitochondrial electron transport chain (ETC) represents the major
source of cellular ROS production.

NADH +H' Suecinate
Matrix

Fig. 2: Electron transport chain for making ATP
Source: Macgilvery, R.W. and Gearald MD (1979)

The superoxide anion is non-enzymatically formed by the Electron
transport chain semiubiquinone compound and then enzymatically
converted into hydrogen peroxide [H, O,] by Superoxide Dismutase
(SOD). Superoxide anion (O,) can also be non- enzymatically converted
into hydrogen peroxide [H, O,] and singlet oxygen. Hydrogen peroxide
can be converted into the hlghly reactive hydroxyl radical (OH) in the
presence of reduced transition metals. Alternatively, hydrogen peroxide
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may enzymatically converted into water by enzymes catalase or Glutathione
peroxidase.

SOD - catelysed dismutation of superoxide

MU 50D o, . M* . SOD'+ 0, . i

M™-SOD +o,+2H* M"Y .SOD+H,O,

Where M= Cu (n=1) Mn(n=2) Fe(n=2) N, (n=2).

In this reaction, the oxidation state of the metal caution oscillatas between
nandn+1

Mitochondria Theory of Aging

In 1972, Harman modified his original theory of ageing to mitochondria
theory of ageing since there is a known chemical mechanism by which
mitochondria can produce reactive oxygen species (ROS).

Mitochondria are the chief target of radical damage, and their
components such as in DNA are not as well protected as nuclear DNA.
Studies comparing damage to nuclear and Mitochondrial DNA
demonstrated higher level of radicals, on Mitochondria DNA. Electrons
may escape from metabolic processes in the mitochondria like the electron
transport chain, and these electrons may in turn react with water to form
ROS such as superoxide radical or via an indirect route, to form hydroxyl
radical (OH). The reduction of coenzyme Q in complex III produces an
intermediate which is a radical (Q). The oxidation of the reduced
flavoprotein also produces hydrogen peroxide. The reactive oxygen species
produced in mitochondria causes damages to certain macromolecules
including lipids, protein and most importantly mitochondria DNA
(Harman, 1972].

Antioxidants

Antioxidants are often reducingagents which are being oxidized themselves.
They limit oxidative damage by passivating biological structure from free
radical [Halliwell, 2012]. Examples include thiols, polyphenols, antioxidant
vitamins C, E, carotene, Glutathoine peroxidase, Glutathoine transferase,
reduced glutathione.



Animals maintain complex systems of multiple types of antioxidants
which are presentin the body fluidsat varying levels. These include: ascorbic
acid, glutathione, enzymes, catalase superoxide dismutase (SOD) various
peroxidases, ubiqunone which is present within the cells, uric acid which is
also present within the cells and evenly distributed. The various antioxidants
may have synergistic effects on the other, and the action of one antioxidant
may depend on the other.

In plants, the antioxidant vitamins A, C, E are particularly important.
The flavonoids that are found in cocoa, green tea also possess antioxidant
properties. Ascorbic acid is to protect Glutathione peroxidase acid and
vitamin E. The following minerals which include zinc and selenium are
reported to possess antioxidant property.

Mammals like man do not contain ascorbic acid as one of the enzymes
needed for the synthesis has been lost by mutation during human evolution
[Wardlaw and Smith, 2008)].

There are 3 types of Superoxide Dismutase (SOD):

i. SOD, - which is located in mitochondria

ii. SOD, - which islocated in cytoplasm

iii. SOD, whichislocated in extracellular fluid

Superoxide Dismutase plays a protective role on endothelial function drug

aging [Lund, Chu, Miller and Heistad, 2009].

There are some who believe that a simple linkage of oxidantive stress to
agingand lifespan should not hold [Speakman and Selmah, 2011], whereas
there are research evidences in support of the fact that oxidative damage
shortens life span. These evidences include:

1. In some model organisms such as yeast and Drosophila reducing
oxidarive damage can extend life span [Fontana, Partridge and Longo,
2012]. :

2.  In mice, interventions that enhance oxidative damage generally
shortens life span [ Jangand Remmen, 2009].

3. However, in round worms, blocking the production of the naturally

occurring antioxidant Superoxide Dismutase increases life span

[Fields and Johnson, 2005].



Whether reducing oxidative damage below normal level is sufficient

to extend lifespan remains an open and controversial question.

The free radical theory of aging has been criticized because it ignores
that ROS are specific signaling molecules necessary for maintaining normal

cell function and this has led to another theory which is the metabolic
stability theory of aging.

Metabolic Stability Theory of Aging
The metabolic stability theory of aging suggests it is the cells ability to
maintain stable concentration of ROS which is the primary determinant of
life span. This theory is supported by Epigenetic oxidative redox shift and
age-related transcriptional changes in gene expressions in different organs
of mice [Brink et al, 2009; Brewer, 2010]. The metabolic stability theory of
aging criticizes the free radical theory because it ignores that ROS are specific
signaling molecules which are necessary for maintaining normal cell
functions [Afanasev, 2010; Droge, 2002]. In order to maintain a state of
homeostasis living organisms are striving to keep these highly reactive |
molecules under tight control with the help of an intricate system of
antioxidants [Haynes and Ron, 2010].

It is now recognized that ROS exert a multitude of biological effects |
ranging from physiological regulatory functions to damaging alterations
participating in the pathogenesis of increasing number of diseases.

Reactive Oxygen Species (Ros) in Health
The physiological regulatory functions performed by the free radicalsand
reactive oxygen species include:

(i) Normal Vascular Diameter Regulation

Mitochondrial ROS specifically superoxide anion (O-,) and hydrogen
peroxide (H, O,) were demonstrated to play a role in normal vascular
physiology, in response to such factors as shear stress in the vascular system
[Drogc, 2002]; Liu, Zhao, LI, Kalyanaraman Nicolosi and Gutterman,
2003]. The mitochondrial origin of ROS was confirmed using electro-
biophysical methods that assessed the ROS generation and the response of
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vessel diameter to the presence of inhibitors of mitochondrial complexes
and antioxidants [Liu et al, 2003; Droge, 2002].

In a model described by Go et al, it provides explanation for the
protective antioxidant role of small molecular weight mitochondrial protein
such as thioredoxin 2 (T rx2) [Chen, Cai and Jones, 2006], [Chen, Cai,
Murphy and Jones, 2002}, [Zhang, Liu, Zhanget al, 2007], [Goetal, 2011].

(i) Roles of ROS in Oxygen Sensing
Oxygen sensing is so critical to cellular health as it allows cells to initiate
adaptive response that will increase the likelihood of survival in anticipation
for limited oxygen availability (hypoxia).

Gruzyand Schumaker [2006] have proposed that the electron transport
chain acts asan oxygen sensor by releasing reactive oxygen species in response
to hypoxia. The hypoxia-induced released ROS act as signaling molecules
that trigger diverse functional responses, among which is the increased
production and stabilization of the hypoxia - inducible factor - 1 (HIF).
Thishasbeen demonstrated at least in normal cells [Semenza, 2008], [Guzy
and Schumacker, 2006].

(iif) The Role of ROS in skeletal muscle physiology

The skeletal muscle is a targer for oxidative stress and oxidative regulation
since it requires a large supply of energy to ensure efficient contraction.
Consequently, it is liable to be exposed to excessive mitochondrial ROS.

The skeletal production of ROS is promoted by multiple stimuli
including muscular contraction, insulin and hypoxia. Although, under
normal physiological conditions antioxidant systems control the level of
ROS in skeletal muscle.

Oxidative stress can take place if ROS level exceeds the muscular
antioxidant capabilities and this can have damaging functional effects
[Droge, 2012; Harman, 1972]. Recent research have suggested that ROS
canactassignaling intermediates in the regulation of skeletal muscle glucose
uptake during contraction [Bruton et al 2006), [Merry and McConell,
2012}, and [Sandstrom, Zhang, Bruton et al 2006].
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Reactive Oxygen Species (ROS) in Diseases

There have beer evidences to suggest that free radicals and some reactive
oxygen species trigger and increase cell death mechanisms within the body
[Chartterjee et al 2001]. Free radical damage within cells has been linked to
arange of disorders and diseases including cancer, arthritis, atherosclerosis,
diabetes, hypertension [Pattiand Corvera, 2010; Robertson, 2004; Houstis,
Rosen, Lander, 2006; Rudich, and Bashan, 1998]. Oxidation of LDL has
been reported to trigger the process of atherogenesis which leads to
atherosclerosis and finally cardiovascular diseases [Bamin, Tsemakhovich
and ShaXlai, 2003]

Mitochondrial dysfunction has also been reported as an initiating event
in atherogenesis [Puddu et al, 2005].

Reactive oxygen species (ROS) have been reported to play a role in the
progression of type 2 diabetes and atherosclerosis [Kaneto, Katakami,
Matsuhisa and Matsuoka, 2010].

ROS have a casual role to play in multiple forms of insulin resistance
[Houstis, Rosen and Lander, 2006].

Antioxidant Therapy
The antioxidants found in many foods are frequently cited as one of the
basis of claims for the benefits of a high intake of fruits and vegetables
[Baffeta, Couto, Wichmann et al 2010]. A recent study tracing the eating
habits of 478,000 Europeans suggests that consuming lots of fruits and
vegetables has little if any effect on preventing cancer [Baffeta et al 2010].
Several natural antioxidants have been investigated in vitro or in model
animals to assess their potential therapeutic effect in conditions linked to
oxidative stress. [Heart protection study collaborative Group, 2002; The
Alpha - Tocopherol, Beta carotene cancer prevention study Group, 1994].
Studies have shown that memory loss associated with brain
mitochondrial decayand RNA/DNA Oxidation in old rats can be partially
revised by feeding acetyl —~L- lipoic carnitine. [Lui et al, 2001]. Vitamin E
has been reported not only to block the elevation of intercellular ionic
calcium but also prevents the loss of protein thiols from the cellular
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