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Introduction


 


 


THE advent of the year 2000 was the cause of great celebration throughout the world, but the euphoria has since been replaced by the growing realisation that the planet and its citizens face enormous challenges, as well as great opportunities, in the years that lie ahead. In spite of continuing efforts, the gulf between the rich and poor countries of the world remains wide. A combination of human greed, belligerence and inadequacy, and the occurrence of natural disasters condemns many people to a harsh and frequently short existence.

It is now a certainty that the effects of global warming and climate change will alter the face of the planet and have profound and unpredictable consequences both for its human inhabitants and for animals and plants. The changes will affect the places where people can live, the food that they can grow and eat and the diseases to which they are exposed. It seems likely that the wealthy nations, while not escaping the effects of climate change, will be better placed to try and offset them. However, without very radical changes, the struggle for daily survival seems likely to remain the main priority for the world’s most disadvantaged citizens and the effects of global warming will be felt most keenly in the countries where they live.


In Western countries, life has changed dramatically in the last half century since the end of the Second World War and most of the changes have resulted in huge improvements in the quality of human life. The majority of people in Western countries have long since moved beyond the struggle for the basic provision of food, water, shelter and clothing. They enjoy a high standard of living, have access to an enormous variety of foodstuffs from all over the world and benefit from advanced medical and health care. Increased wealth and leisure time mean that most Western people have access to computers, the Internet and other advanced technology and are readily able to become well-informed about matters that affect and interest them.


Advances in medicine and science already mean that successful treatments are now being used against some of the major killer diseases of the past. Some of the conditions and illnesses that are being treated are associated with ageing. In many cases, these treatments are able to restore a quality of life and health that was simply unavailable to people in earlier generations. Other developments in medical science, especially in the field of genetics, have raised the possibility of eliminating some serious disorders altogether while others are aimed at directly tackling the ageing process itself and slowing down its progression. A few scientists have even gone as far as to predict that future research will eventually enable ageing to be ‘written out’ of the human genome altogether! Of course, people have always been interested in leading a long, healthy and active life but in the past, the means of doing so was often beyond individual control and governed entirely by circumstances. Now, new medical developments and scientific breakthroughs, that are usually widely reported and discussed in the media, are factors that have raised the level of interest in the subject of longevity and achieving a healthy and active old age. People in the West have come to expect that when these advances become available they will have access to them and directly benefit from them.


A second important factor in recent years has been the enormous growth of interest in so-called ‘alternative’ therapies and philosophies. Most of these claim to promote good health and longevity by giving advice on essential aspects of life such as diet, exercise and lifestyle management, and ways of preventing disease. Both disease prevention and treatment of ailments are based upon natural remedies, usually derived from plants and herbs. However, alternative philosophies are even more wide-ranging, being concerned with the emotional and spiritual aspects of life in addition to dealing with the body and physical factors. Conventional medicine used to be almost exclusively concerned with the treatment of disease and this obviously remains its most important function. However, in recent years, the medical profession as a whole has become far more involved with disease prevention and with the essential factors listed above, i.e. diet, the need for exercise and management of modern lifestyles. These factors, especially diet and nutrition, have become industries in themselves and ones in which the desire to make large profits at times conflicts with more altruistic motives!


The purpose of this book is to attempt to draw all these threads together. It is hoped that ways in which an ordinary person can influence his or her own life span and health will be discovered, by examining the essential aspects of life, both physical, emotional and spiritual, and looking at the advice offered by medicine, science and alternative therapies. New developments and their implications for individual people are looked at and discussed. Some of the more controversial ‘treatments’ for ageing such as hormonal anti-ageing programmes are included, and their potential dangers as well as possible benefits are examined.












 


 


Modern Living


 


 


A COMPARISON of life in the early 20th and 21st centuries shows just how greatly human life expectancy and health have improved overall in the last 100 years. How does life in Britain at the start of the 21st century compare with that of 100 years ago?

 


 


Life in the early 20th century


In the first half of the 20th century there were no antibiotics and vaccination was still in its infancy. Slum dwellings in the major cities of Britain were still commonplace and many people lived in overcrowded and unhealthy conditions. In these circumstances, infectious diseases were readily able to spread, carrying off both adults and children alike. An example of this was the Spanish ’flu epidemic that killed 228,000 people in Britain between the years 1918 to 1919 and millions more worldwide. Complications resulting from influenza, such as pneumonia, are still a cause of death among the elderly, ill and vulnerable, but protective vaccination and good health care mean that most people survive.

Both maternal and infant mortality were higher during the early years of the 20th century. Fewer births took place in hospital and advanced medical and surgical techniques were not, in any case, available. This meant that childbirth was a far more hazardous event for women than is the case today when maternal deaths are very rare. Sadly, even the advanced obstetric and neonatal care that is available in modern maternity units cannot prevent the loss of some babies at, or soon after, birth. However, it is certain that many more of these infants are saved, including some that are very premature or born with serious, life-threatening conditions, than were in the past. Hence, although the process of birth remains one of the most dangerous periods in any woman’s life, it is safer in the 21st century than at any time previously!


Babies and young children are vulnerable to infections because they have an immature immune system. In the early 1900s, many children were left damaged or even died from common infectious diseases such as scarlet fever, poliomyelitis, diphtheria, measles and smallpox. A combination of vaccination and antibiotics effectively protects the children of today against these formerly dreaded diseases and smallpox has apparently been eradicated completely.


 


 


The 1940s and ’50s


The development of antibiotics in the 1940s and ’50s marked a turning point in modern medicine, enabling deadly infections to be treated effectively for the first time. Although antibiotic resistance among diseasecausing microorganisms has since become a worrying problem, especially in hospitals, antibiotics continue to save many lives.

In the early 20th century, industrial and domestic processes were heavily reliant upon coal as the major source of fuel. Air quality in the larger cities was often poor and some, including London, were regularly affected by choking smog. Respiratory and other industrial illnesses were commonplace and resulted from dirty working conditions and polluted air. These illnesses were a major cause of disability and premature death and although the dangers were recognized, it took many years for the situation to improve through the implementation of ‘clean air’ Acts and measures to protect people in their place of work. In 21st century Britain, the dirty air from the old, heavy industries is a thing of the past but it has been replaced by new, invisible hazards.


 


 


21st-century hazards


Emissions from vehicle exhausts have introduced other forms of pollution, and air quality is still often poor. It is thought that modern air pollution is still a cause of premature death and of disabling illnesses such as bronchitis and asthma. Also, the burning of fossil fuels and particularly the emissions from vehicle exhausts are blamed for the large holes that have appeared in the ozone layer of the atmosphere that screens the Earth from harmful ultraviolet (UV) radiation. The increased amount of UV radiation reaching the planet’s surface is responsible for an alarming increase in the incidence of human skin cancer, particularly among fair-skinned North Europeans.

 


 


Nutrition


Not only was life expectancy lower in the early 20th century but people were also shorter and lighter than they are today. Nutrition is the most significant factor affecting height and weight and the majority of people in the early 1900s had a poorer and plainer diet that, in some cases, was lacking in essential nutritional elements such as some vitamins and minerals. The average standard of nutrition has improved greatly in the last 50 years, although there is still deprivation and poverty. The health, development and growth of children is monitored from birth and continues throughout their school years so that those who may be at risk can be helped directly, for example by the provision of free school meals and vitamin/mineral supplements.

 


 


The consequences of greater affluence


The combination of a high-calorie diet and a lack of physical exercise has led to a huge rise in the incidence of obesity among Western peoples, the consequences of which pose a major health risk to those affected; a health risk that was almost unknown in the past. In Britain as in other Western countries, over-indulgence and affluence have become a threat to living a long and healthy life. However, it can be seen that overall, improvements in the environment and in living and working conditions, along with good nutrition and access to advanced medical care have resulted in a measurable increase in longevity over the past 100 years.

In fact, these improvements have probably had the greatest impact on the overall longevity of people in Britain. In some deprived inner city areas, where poverty, poor diet and bad housing are still prevalent, life expectancy is lower and people of all ages are more likely to succumb to illness and disease. Such areas of deprivation exist in most Western countries, echoing conditions that were formerly more widespread and show the significance to health and longevity of simple factors that can readily be changed.


In summary, people in 21st century Britain can expect to live longer and enjoy a better quality of life than their forebears of 100 years ago. Increased life expectancy has been achieved through improvements in the environment, nutrition and in health and medical care. However, environmental pollution, although of a different kind to that which prevailed a century ago, continues to threaten health and life expectancy, particularly through the incidence of cancer. It is known that many cancers have an environmental basis although the cause in any individual case often remains obscure. One in three people in modern Britain will contract a form of cancer at some stage in their lifetime, but the good news is that more people now are living for longer with the disease or surviving it completely, than in the past. This has been brought about by greatly improved surgical and medical treatments for the disease with new developments continually being made. Equally exciting is the research being carried out into the changes or mutations in cells that enable a cancer to grow. Scientists believe that they are close to understanding these key changes for several forms of cancer, holding out the hope that in the 21st century it will become possible to halt or reverse them and hence effect a cure.


Several diseases, including many cancers, are related to the process of ageing, i.e. they are more likely to affect people as they grow older. On the positive side is the fact that there are very many ways in which a person living today can reduce his or her chances of being affected. Not only is this the case but existing knowledge at this point in the 21st century also suggests that there are ways in which an individual can challenge the ageing process itself. Before considering these strategies, it is helpful to look at the possible causes of ageing. It has to be said that there are many scientific theories about this but those that are most widely accepted are described below.












 


 


Why Do We Age?


 


 


THERE is broad agreement about certain general aspects of the ageing process. The basic building blocks of the human body are the cells, different types of which form the various tissues and organs and perform the essential functions of life. These complex processes (called metabolism) are continually taking place within the cells of the human body. They both build up and break down products and create and utilise energy. Although essential for life, metabolism produces harmful by-products known as free radicals which are highly reactive and damaging to cells. In addition, external environmental pollution, both man-made (e.g. chemicals, tobacco smoke) and natural (e.g. radiation) further stimulates the production of free radicals within the body. Further harm can be caused by the faulty division of cells or by accidental damage, infection or disease.

The body employs a series of mechanisms to ensure the correct operation of all its numerous functions, to protect itself from harm and to repair any damage that may have occurred. These mechanisms, themselves part of metabolism and involving enzymes, hormones, genetic factors and the immune system, require energy in order to work. The energy molecules used by human cells are derived from food and normally require oxygen for their production. Energy and oxygen are the stuff of human life and everything else is dependent upon them. However, due to its involvement in the production of free radicals, oxygen is something of a double-edged sword, as will be seen from the discussion below.


In general, the mechanisms and processes of the human body, including those involved in protection and repair, operate at peak efficiency during youth and young adulthood. Changes and imbalances in the immune system, hormone and enzyme levels, production and utilisation of energy and in the operation of genetic material, occur after this time. It is these changes that are considered by scientists to be either directly or indirectly responsible for ageing and its effects. They are indirectly responsible when they cause a decline in the efficiency of the body’s protective, defence and repair mechanisms, for example, enabling free radicals to have a more severe effect or disease to occur. They are directly responsible if they produce age-related effects. Hormone imbalances are probably the best example of this: for instance, the decline in oestrogen levels in menopausal and postmenopausal women is responsible for accelerating osteoporosis. It is helpful to examine some of the factors mentioned above a little more closely.


 


 


Free radicals and antioxidants


Free radicals are naturally occurring, unstable compounds that are very reactive. They have an additional proton or electron within their structure that allows them to freely attach to, and destroy, useful molecules and to damage cells. The majority of free radicals are produced within the body as a result of oxygen-driven metabolism. Among the most potent are toxic oxygen molecules that are able to oxidise useful agents within the body, including enzymes and other proteins and DNA, the genetic material of life itself. In fact, it has been suggested that each human cell is daily assaulted by several thousand free radical attacks. External or environmental substances that cause the production of free radicals include tobacco smoke, chemicals (paints, solvents, petroleum-based products, some cleaning fluids) exhaust emissions, alcohol, radiation, agricultural chemicals and fertilizers, and also sunlight.

Fortunately, the human body has defence mechanisms that can be employed to counter these attacks in the form of substances known as antioxidants. The body produces several known antioxidant enzymes, such as glutathione peroxidase and superoxide dismutase. Other substances, including some vitamins and minerals, are also active in this way. Environmental sources of free radicals should be avoided as far as possible by making sensible choices, especially with regard to those that lie directly within individual control, e.g. smoking and the drinking of alcohol.


Although it is impossible to prevent the production of free radicals within the body, it is possible to ensure that the diet contains plenty of natural antioxidant substances that are especially abundant in certain plant-based foods. Vitamins and minerals that have important antioxidant activity include vitamins C and E, selenium and sulphur. Two other groups of plant substances have also been found to be very important, carotenes and flavonoids. Various antioxidants are also available in supplement form.


In addition in being able to target free radicals directly, the body’s defence and repair mechanisms are employed to put right any damage that occurs. One of the main theories of ageing proposes that, in time, the rate of free radical damage gradually overtakes the body’s ability to counteract and repair it and so there is a general accumulation of adverse effects.


A branch of scientific research and development known as nanotechnology offers the hope that within the next 25 years it will become possible to use minute microprocessors to repair free radical damage directly. The theory is that tiny, cell-sized robots carrying living human material will be injected into a person’s blood circulation, having first been programmed to proceed to a particular site and carry out repairs. The minute robots will theoretically be able to ‘turn the clock back’ and put right age-related damage that the person’s own body can no longer cope with efficiently. Researchers in this field, working mainly in North America and Japan, certainly believe that this will become a reality. It is, however, likely to be an expensive technique and it remains to be seen whether it will become widely available to ‘treat’ natural ageing processes or whether it will be directed towards the treatment of serious diseases such as cancer.


 


 


The immune system


The immune system exists mainly to protect the body against invasion and infection by foreign particles such as bacteria and viruses. It also disposes of and controls obsolete and faulty host cells. It is composed of a number of different types of cells (leucocytes or white blood cells), chemicals and other molecules (special proteins called antibodies).

 


Chemistry of the immune system


The immune system has two main strands: natural or innate immunity that is present at birth and operates generally against almost any foreign substance; acquired or adaptive immunity that is generated as a result of an encounter with a specific foreign substance. There are three different types of leucocyte and all are involved in the operation of the immune system. Granulocytes comprise 70% of the total and they are involved in fighting bacterial and viral infections and possibly in allergy as well. Monocytes form the smallest component – 5% of the total number of leucocytes. They ingest and engulf bacteria, foreign bodies and dead body cells by a process known as phagocytosis. The third group, and probably the most important, are the lymphocytes which make up 25% of the total number.

There are two types of cells and both are vital in the operation of the immune system; B-cells or B-lymphocytes and T-cells or T-lymphocytes. B-cells produce antibodies that search out and bind with particular antigens. Antigen is the name given to any substance or particle that causes the formation of antibodies to neutralize its effect. Antigens are often protein substances that are regarded as ‘foreign’ and ‘invading’ by the immune system and so mobilize it into action. Good examples are bacteria and viruses. Antibodies are also protein substances that circulate in the blood. When an antibody finds its particular antigen, it fastens on to it somewhat in the manner of two pieces of a jigsaw puzzle fitting together. This neutralizes the antigen and renders it harmless. B-cells become activated when they come across particular antigens as in the event of invasion and infection by bacteria or viruses. They proliferate and secrete antibodies to counter the danger posed by the antigens. Following the event, some of the B-cells involved remain in the circulation, retaining a ‘memory’ of that particular antigen. Hence, should the antigen ever reinvade or be encountered again, mobilization of the antibody response will be even faster and greater than on the first occasion. This is acquired or adaptive immunity and is the principle behind vaccination.


T-cells circulate through the thymus gland where they differentiate. Like the B-cells, they are involved in the recognition of foreign antigens. In response to the presence of antigens, large numbers of T-cells are generated which secrete chemical compounds that assist in antibody production by the B-cells.


By combating disease-causing germs, getting rid of dead cells and aiding the recycling of useful molecules, the immune system preserves vitality and ensures the good health of the body.


 


Physiology of the immune system


The principal glands and tissues that are involved in the production and maintenance of the immune system are the bone marrow, lymph nodes, thymus gland and spleen. These all produce leucocytes and have additional functions as well. If they are not working effectively, it might be expected that this would contribute to a gradual deterioration in health. One of the principal theories behind ageing proposes that it occurs because of changes in the operation of the various elements of the immune system and a general decline in their level of effectiveness. There are several strands of evidence that support this theory and one of the most compelling is the observable alterations that occur in some of the glands and tissues that are involved.

 


Bone marrow


Bone marrow is the soft tissue that is found in the spaces of bones. In children (and other young mammals) all bone marrow, called red marrow, produces blood cells. In adults, the red marrow in long bones is gradually replaced by yellow marrow as ageing occurs. This is a fatty substance that does not produce blood cells. Hence in adults, red marrow is confined to the ribs, sternum, vertebrae and the ends of long bones such as the femur. The active part of red marrow is called myeloid tissue. This produces leucocytes and also erythroblasts, cells that develop into red blood corpuscles. All blood cells, including lymphocytes, differentiate from stem cells produced by the bone marrow. Some lymphocytes continue their development there, eventually maturing to become B-lymphocytes.

 


Lymph nodes


Lymph nodes are small, oval structures that occur at various points in the lymphatic system – a drainage network of vessels and valves that carries a clear, colourless fluid called lymph. Lymph is derived from the blood and consists mainly of water but, importantly, it carries lymphocytes and is eventually returned to the blood through the thoracic duct (one of two major vessels of the lymphatic system). Lymph nodes act as filters, by removing foreign particles. They also produce leucocytes and store lymphocytes. They are found grouped in several parts of the body including the neck, groin and armpit and can become swollen in the event of infection due to a proliferation of the cells involved in the immune response.

 


Thymus gland


The thymus gland is situated in the neck and forms a vital part of the body’s defence system. It is especially important in childhood when it reaches the greatest extent of its development and size and is responsible for the production of lymphoid tissue and the laying down of the immune system. Some of the stem cells produced by the bone marrow migrate to the thymus gland where they undergo further differentiation and maturation to become T-lymphocytes. As has been seen, T-cells are vital for the effective operation of the immune system and they are dependent upon the thymus gland. The gland secretes thymosin, a peptide hormone which stimulates the maturation of the T-cells, along with a number of other chemical factors. At puberty, the thymus gradually begins to shrink in size and by adulthood it is very small indeed.

 


The spleen


The spleen is an egg-shaped, purple-coloured organ, situated below the stomach which performs a number of different functions. It removes worn-out red blood cells, conserving their iron for further production in the bone marrow. It also stores red blood cells so that they can be released when needed. It is additionally involved in the production of leucocytes, including lymphocytes – the vital cells of the immune system as well as other blood components. Macrophages (one class of leucocytes) in the spleen are involved in the immune response by engulfing micro-organisms (bacteria and viruses) by phagocytosis. It is occasionally necessary to surgically remove the spleen, for example if it becomes ruptured due to accidental damage. In spite of the spleen’s many functions, this can be performed without detriment although it is interesting to note that in the event, the lymph nodes increase in size. It is possible that the bone marrow also has to work harder if the spleen is removed.

It can be seen that there are significant changes in the bone marrow and thymus gland which are observable quite early on in a person’s life. It is reasonable to suggest that these and other changes, such as a decline in the effectiveness and efficiency of the immune system, are at least partly responsible for ageing. Before leaving the immune system, one other piece of evidence for its involvement in ageing is provided by the occurrence of what are known as autoimmune diseases.


 


Auto immune diseases


These arise because, for some reason, the immune system loses its ability to distinguish between ‘self ’ and ‘non-self ’ and produces antibodies which attack the body’s own tissues. A number of diseases are thought to be autoimmune disorders. In some of them, the precipitating factor seems to be initial infection – for example with streptococcal bacteria. The antibodies that the body produces to fight the bacteria can, in some cases, become ‘confused’ and attack body tissues. Hence these examples (of which the possible complications of rheumatic fever, i.e. heart valve damage may be one) can affect people of any age. However, other examples appear to be more common in older people and it can be inferred that they may arise because an ageing immune system is no longer working so efficiently. Possible examples include rheumatoid arthritis, maturity-onset diabetes, lupus erythematosus and systemic lupus erythematosus, and Grave’s disease. Autoimmune diseases may be an extreme example of what can happen when the immune system goes awry. It is certainly possible that age-related effects occur partly because of slighter and less dramatic changes in the operation of the system.

 


 


Hormonal factors


The hormonal or endocrine system is highly complex. It involves a number of different glands and organs that produce chemical substances that control body functions and interact with one another to a greater or lesser extent. One of the most widely-held theories about ageing proposes that it occurs because of hormonal imbalances that arise over time in parts of the system. The glands and hormones that are believed by some researchers to be most involved are the pituitary (growth hormone and hormones that stimulate the sex organs to produce their hormones); thyroid (thyroxine and triiodothyronine – essential for the regulation of metabolism and growth); thymus (thymos in which stimulates the maturation of T-lymphocytes); pineal (melatonin – involved in the regulation of internal ‘body clocks’ and circadian rhythms). Also important are oestrogen, produced by the ovaries and possibly testosterone, the male sex hormone released by cells in the testicles. A close examination of these glands and hormones reveals just how complex and far-reaching are their activities. It is highly probable that they are, indeed, involved in the processes of ageing and probably in ways which are, as yet, not fully understood.

 


Pituitary gland (and hypothalamus)


The pituitary gland or hypophysis is a small but very important gland situated at the base of the brain, beneath an area called the hypothalamus. It is arguably the lynchpin of the endocrine system, for it has two lobes which each secrete hormones that act on other glands and control many different functions. The pituitar y produces growth hor mone or somatotrophin which, by means of protein synthesis, controls the growth of long bones in children and enlargement and repair of muscles and bones in adult life. The pitutary also produces gonadotrophins which are hormones that act on the sex organs and stimulate them to produce their hormones. Thyroidstimulating hormones released by the pituitary act upon the thyroid gland, prompting it to produce and release its own hormones. The pituitary gland is itself regulated by releasing factors and hormones that are secreted by the hypothalamus, an area of the brain. Some experts believe that the pituitary gland declines in efficiency with time and that this has far-reaching consequences for the body’s hormonal systems and is responsible for ageing. The cause of pituitary gland inefficiency is thought to be a gradual and progressive disturbance in the body’s internal ‘clocks’ (see pineal gland and melatonin).

 


Thyroid gland


The thyroid gland is situated at the base and front of the neck and secretes two iodine-rich hormones, thyroxine and triiodothyronine. These are essential for the regulation of metabolism and growth. Overactivity of the thyroid gland, or hyperthyroidism, results in a high metabolic rate with increased utilisation of oxygen and occurs in Graves disease (see autoimmune diseases). Due to its complex effects upon metabolism, some researchers believe that changes in the operation of the thyroid gland and its hormones are partly responsible for ageing.

 


Thymus gland


The importance of the thymus gland to the establishment of the immune system has already been described. The gland produces the hormone thymosin which stimulates the maturation of the T-lymphocytes which are vital for the effectiveness of the immune system. The thymus gland begins to shrink at puberty and the concentration of thymosin declines. Those who hold to the theory that a declining immune system is the key to ageing believe that the decline in thymosin plays a significant part in the process.

 


Pineal gland


The pineal gland is a somewhat mysterious, small tissue mass located almost centrally within the brain, which secretes the hormone melatonin. Melatonin is secreted mainly during the hours of darkness (the pineal gland itself contains light-sensitive cells and has nerve connections with the eyes) and so greater amounts of the hormone are released during the winter months. It is connected with the operation of biological clocks and, in many vertebrate animals, is involved in seasonal activities, especially breeding. For example, it has a role in changes in skin pigmentation and hence the breeding colours assumed by many animals.

Melatonin is apparently involved in a way that is not understood in the operation of circadian rhythms, which are the regular changes that occur in an animal’s behaviour and physiology in each 24-hour period. Hence it is somehow involved in cycles and rhythms linked to the passage of time. In people, the secretion of melatonin apparently declines with age. Some researchers believe that ageing itself occurs because the operation of internal body clocks goes awry and that the decline in melatonin is a significant factor in this process. (See hormonal anti-ageing treatments,).


 


Sex hormones


The male sex hormones are called androgens. These are produced by the testicles, of which the principal and best known one is testosterone. Androgens are also produced in small amounts by the adrenal glands (a pair of important hormone-secreting glands located above each kidney) and by the female ovaries. Androgens are responsible for the development of the male sex organs and for the appearance of the secondary sexual characteristics at puberty. They are also necessary for the production of sperm, a process which continues throughout life, from puberty into old age. Androgens are responsible for the sex drive (libido) in males and play a part in behavioural characteristics such as aggressiveness and competitiveness.

Testosterone is produced throughout life at a more or less constant level. However, there is a very slight reduction in the level in older age. Also, the amount produced by different individuals varies quite considerably so it is not possible to ascertain a correct or normal level. Some researchers believe that testosterone does not work as effectively in middle-aged men, even though the level at which it is produced has not significantly altered, and that this is responsible for a number of ageing effects. Testosterone supplementation is sometimes given to counteract these effects (see hormonal treatments) but it is a controversial therapy.


The female sex hormones are the oestrogens and progestogens, mainly secreted by the ovaries. Oestrogen is also manufactured in small amounts by the adrenal glands and female fatty tissue. A very small quantity is produced by the testicles in men. Oestrogen is responsible for the maturation of the female sex organs and for the development of the secondary sexual characteristics at puberty. Interaction between oestrogen and progesterone and pituitary hormones is responsible for the implementation of the female reproductive cycles in the ovaries (ovarian cycle) and womb (menstrual cycle). A lack of these hormones, particularly oestrogen, during and after the menopause, is responsible for the best understood age-related effects and symptoms seen in women. Hormone replacement therapy is routinely given to women to alleviate menopausal symptoms but it also helps to reverse some ageing effects as well.


 


 


Genetic factors


It is commonly accepted that genetic factors play a complex part in ageing and longevity, although their precise role is open to dispute. Longevity does run in some families in whom it must certainly be genetically determined. To a certain extent, everyone can gain some idea of their potential life span by considering that of their parents and grandparents – a fact which is taken into account by insurance companies. In some simple animals such as fruit flies, scientists believe they have discovered the existence of an ‘ageing gene’ which, when manipulated, extends the normal life span of the flies by as much as 50%. There has been speculation as to whether such genes might exist in human beings and other higher mammals.

In August 2001, scientists announced that they had discovered a group of so-called ‘Methuselah’ genes which, they believed, held the key to long life. They had studied 137 people aged 100 years or over and had discovered that all these people shared a common section of genes, located on chromosome 4. Scientists believe that these genes, if ‘switched on’, are able to combat age-related diseases and enable their owners to enjoy an extended and, more importantly, healthy, lifespan. It is thought that about ten genes are involved but it is not known exactly which ones they are out of a possible 100 to 500 on the strand of chromosomes. Work is now underway to isolate the key group of genes involved. Interestingly, the centenarians studied did not necessarily have particularly healthy lifestyles and came from a wide variety of cultures and social backgrounds. It seems that most of us do not, at present, have activated Methuselah genes as relatively few people live to be a healthy 100 years old.


However, scientists believe that gene manipulation may open up this possibility to more people in the future. Methuselah genes have already been discovered in simple nematode worms and in fruit flies. In 1999, scientists announced that, using genetic manipulation, they had ‘created’ a strain of mice that lived longer than genetically unaltered mice by up to one-third of the normal lifespan. Mice are, of course, warm-blooded mammals like ourselves. Scientists working on the human Methuselah gene project have stressed that their aim is to promote healthy old age rather than longevity itself. But it may be the case that the 21st century comes to be seen as the best time in history for humans to be growing old!


Genes are carried on chromosomes, rod-like structures contained within the nucleus of cells. Each chromosome consists mainly of a large molecule of DNA (deoxyribonucleic acid) which comprises two twisted chains, connected together by ladder-like rungs in a double helix. The chains consist of sugar-phosphate molecules while the rungs are pairs of nitrogenous bases which join together in a particular way. When DNA divides (as in cell division) the chains first unravel and then each serves as a template for the synthesis and copying of a new strand, ending up with two daughter molecules. One of these is retained within each half of the nucleus as the cell divides. At the end of each DNA molecule (and hence each chromosome) are specialized strands of DNA. These are called telomeres and they consist of a more simple, repeating sequence than that found in the bulk of the molecule. Their purpose is to ensure that the DNA is accurately copied each time the cell divides and, in most human cells, they become progressively shorter with every division. Eventually, the telomeres become so short that accurate division can no longer take place and the cell dies.


The activity of the telomeres is governed by a group of enzymes (proteins) called reverse transcriptases or telomerases. These manufacture the telomeres and stick them onto the ends of the chromosomal DNA. The gene for telomerase is present in all human cells but it appears that the activity of the protein usually declines, causing the cells to age and eventually die. The exceptions are the so-called immortal cells – reproductive cells and cancer cells – in which the telomeres remain long and the level of telomerase is high. These cells continue to divide and do not die and this is the reason why cancer cells are so dangerous and destructive. In recent years, scientists have isolated a human gene for an enzyme called telomerase reverse transcriptase or hTRT which is found only in immortal cells. It has been discovered that if this gene is introduced into cultures of ordinary human cells, they start to make telomerase. The dormant telomerase gene in these cells appears to be activated with the result that the telomeres are lengthened. These ordinary cells then continue to divide instead of ageing and dying as would be the normal course of events. Some researchers believe that this discovery will eventually be used to halt the normal processes of ageing, at cellular level. However, other research suggests that doing this might actually increase the risks of cancer while some experts remain unconvinced of the significance of telomerase in ageing.
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