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Preface

Living healthier, longer lives is an almost universal value shared by most of the
world’s peoples. Both developed and developing societies around the globe are expe-
riencing ever expanding populations of elderly and accumulating all the health-care
burdens associated with aging populations. Interventions to help individuals remain
healthy and active as they age are at the top of health providers’ lists of priorities.
Underpinning these public health and consumer interests is a large and growing
body of research directed toward the science of healthy aging. A key component of
this field of investigation is focused on elucidating the role of nutrition, plant-based
diets, and phytochemicals in the aging process. This research has grown out of a
substantial body of observational data pointing to lower risk of multiple chronic
degenerative age-related diseases that are associated with the consumption of diets
abundant in fruits, vegetables, and whole grains. Current research increasingly
employs prospective and controlled clinical intervention studies to further elucidate
the association between a plant-rich diet and a decreased risk of age-related degen-
erative conditions.

The 6th International Phytochemical Conference, ‘“Phytochemicals: Aging
and Health,” was held in Buena Park, California on October 16 and 17, 2006. The
conference was a joint effort of California State Polytechnic University (Cal Poly
Pomona) and The Nutrilite Health Institute. This conference was the sixth collab-
oration between the two institutions, which have sponsored biennial international
phytochemical conferences since 1996. Updated and expanded proceedings from the
five previous international phytochemical conferences have been published: Phyto-
chemicals: A New Paradigm (1998), Phytochemicals as Bioactive Agents (2000),
Phytochemicals in Nutrition and Health (2002), Phytochemicals: Mechanisms of
Action (2004), and Phytochemicals: Nutrient—Gene Interactions (2006). The orga-
nizers of the international phytochemical conference series invite well-known and
respected researchers to discuss a chosen theme; “aging and health” was the theme
of the 2006 conference. In each of the conferences, at least half of the presentations
addressed the chosen theme. The remainder of the invited presentations covered new
aspects of research methodology, real-world applications, and updates or expansions
of previously introduced topics.

Presentations at the 6th International Phytochemical Conference began with a
keynote address on prevailing theories of aging (Chapter 1), followed by discussions
of state-of-the-art methodology with respect to polyphenolic analysis, bioavailabil-
ity, and metabolism (Chapters 2 and 3). They continued with research presentations
on botanicals and inflammation (Chapter 4), phytochemicals and vision (Chapter 5),
phytochemicals and brain function (Chapter 6), green tea formulations and skin
health (Chapter 7), and phytochemicals and cardiovascular disease (Chapter 8).
The interest generated by the 5th International Phytochemical Conference, “Phyto-
chemicals: Nutrient—-Gene Interactions,” led to a follow-up discussion on the potential
for applying nutrient—gene interaction research findings to individual dietary recom-
mendations (Chapter 9). The final two conference presentations provided discussions

vii
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of commercialization of botanical products from concept through development and
testing in the areas of allergy relief (Chapter 10) and inflammation (Chapter 11). The
research presentations delivered at the 6th International Phytochemical Conference
have been revised, updated, and, in some cases, expanded for this volume.

In Chapter 1, Timiras, author of the widely respected and extensively utilized
Physiological Basis of Aging and Geriatrics (4th edition, 2007), gives her assess-
ment of how we have achieved the recent significant gains in both longevity and
quality of life as well as the problems associated with a rapidly expanding elderly
population. In this chapter, Timiras challenges us to rethink our basic concepts of
aging: “The now increasing evidence of the ability of older individuals to muster
compensatory and even regenerative responses to aging-related changes well justifies
arenewed theoretical and practical interest in the study of physiology of aging at the
basic and applied levels.” Timiras outlines six areas of research in the area of “life
extension sciences” that have the potential to extend as well as to improve life in old
age. One of the six areas is dietary manipulation, including a role for phytochemical
medicinals or supplements.

Chen and Blumberg pose the following question in Chapter 2: “Are there age-
related changes in flavonoid bioavailability?”” These authors point out that a growing
number of research studies have suggested that flavonoids may be linked to lower
incidence of cardiovascular disease and some forms of cancer. They also make
the important observation that “putative health benefits of flavonoids are critically
dependent on their bioavailability, metabolism, distribution, disposition, and excre-
tion—parameters that are now beginning to be fully characterized.” While a great
deal of discussion has taken place regarding the potential role of phytochemicals
in disease prevention and health promotion, far too little discussion and research
have addressed the pharmacokinetics of candidate phytochemicals. This failure to
fully address pharmacokinetic issues has been a recurring theme in previous inter-
national phytochemical conferences and was addressed in several chapters in Phyto-
chemicals: Mechanisms of Action (2004). Chen and Blumberg point out that “while
the requirements for many nutrients change across the life cycle, data on the influ-
ence of age on the pharmacokinetics of flavonoids are sparse,” such information is
needed to understand the role of flavonoids in health and disease. These authors
discuss what is known and unknown about flavonoid bioavailability and aging and
suggest directions for future research.

As previously noted, epidemiological observations and in vitro studies suggest
that not only polyphenols but also carotenoids may have health-promoting properties
that might reduce risk of cardiovascular disease and certain cancers. However, as
Koh and Mitchell point out in Chapter 3, “It is important to note that although fla-
vonoids and carotenoids are implicated in the prevention of chronic disease, almost
all attempts to assign health-promoting activity to the in vitro antioxidant action
of any one specific compound of these phytochemicals have been unsuccessful.”
They also note that difficulties in interpreting intervention study data stem from such
problems as “incomplete characterization of the test material, unvalidated biomark-
ers, and the lack of understanding of polyphenol bioavailability and metabolism.” In
order to move the science forward in this area, it is vital to understand and improve
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the analytical methodology for characterization and quantification of polyphenols
and carotenoids. Koh and Mitchell discuss trends in the analysis of these phyto-
chemicals and identify areas for improvements in this chapter.

The elderly segment of the population consumes the largest variety and the high-
est quantity of therapeutic agents. Dey and colleagues observe that “in the areas of
cancer, infectious, and inflammatory diseases that are mechanistically linked, about
60-75% of the new drugs developed during 1983-1994 were based on naturally
occurring compounds. This is in spite of the fact that a majority of the phytochemicals
produced by the 250,000 plant species of the world still remains unexplored.” These
authors also note the disappointing track record of synthetic drug development over
the same period of time. One explanation for the lack of phytochemical exploration
has been the inability to apply high-throughput screening (HTS) techniques to multi-
component botanicals. The HTS methods have primarily been utilized to test single
active ingredients. However, in a postgenomic era with so many potential targets and
so much information available, these authors believe it is time to revisit screening
and developmental approaches for botanicals. Chapter 4 provides “a case study for
screening anti-inflammatory botanicals and strategies to further develop the identi-
fied hits into advanced therapeutic leads.”

Chapters 5 through 8 discuss the roles of various phytochemicals in both healthy
aging and chronic disease. Hammond and Renzi discuss the characteristics and
function of lutein and zeazanthin within the human retina in Chapter 5. Age-related
cataract (ARC) and age-related macular degeneration (AMD) are significant prob-
lems for the elderly. It is important to try to understand the role of macular pigment
in the retina and its role in protecting the eye from diseases such as ARC and AMD.
The ability of lutein and zeazanthin supplementation to increase macular pigment
could impact retinal health. Hammond and Renzi provide a thorough overview of the
current research and discuss the current hypotheses regarding protection from and
prevention of disease in the eye.

One of the most common forms of dementia that affects the elderly population
is Alzheimer’s disease. In Chapter 6, Bastianetto and Quirion consider the possible
neuroprotective effects of polyphenolic compounds. “Epidemiological studies have
shown that consumption of fruits, vegetables, green tea, and red wine (in moderation)
reduces the incidence of developing neurodegenerative diseases, including Alzheim-
er’s disease. Polyphenols that are abundant in these foods and beverages likely con-
tribute to their beneficial effects.” These authors discuss hypothesized mechanisms
for Alzheimer’s disease and report on the results of experimental neuroprotective
treatments utilizing polyphenols (particularly tea catechins and gallate esters).

In Chapter 7, Hsu discusses the possible preventative and therapeutic value of
green tea in skin care and skin diseases. The author provides a brief history of green
tea, identifies the key green tea polyphenols, reviews the hypothesized anticancer
properties of green tea, and examines the prodifferentiation and anti-inflammatory
properties of green tea polyphenols in skin cells. Hsu concludes that the experi-
mental data “suggest that green tea polyphenols activate specific signal transduction
pathways to regulate gene expression to accelerate terminal differentiation in the
epidermis, in addition to their anticancer, antioxidant, and anti-inflammatory effects.
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These effects not only are beneficial to many skin disorders, but also may provide
anti-aging results.”

Chapter 8 introduces a phytochemical source that had not been discussed at any
of the five previous international phytochemical conferences. Pomegranate juice is
a major source of polyphenolics and certain bioactive compounds in the juice have
been shown to be bioavailable. Aviram and his colleagues provide a detailed discus-
sion of the antioxidant activity of pomegranate juice polyphenols and review the
results of studies of these polyphenols on the development of atherosclerotic lesions
in both mice and humans. “All these antioxidative and anti-atherogenic effects of
pomegranate polyphenols were clearly demonstrated in vitro, as well as in vivo in
humans, and in the atherosclerotic apolipoprotein E-deficient mice. Dietary supple-
mentation of pomegranate juice rich in polyphenols to patients with severe carotid
artery stenosis or to atherosclerotic mice resulted in a significant inhibition in the
development of the atherosclerotic lesions.” Aviram and colleagues believe that their
results suggest that combinations of antioxidants such as those found in pomegranate
juice might be a better model for treatment than single antioxidants would be.

The 5th International Phytochemical Conference and the subsequent book,
Phytochemicals: Nutrient—Gene Interactions (2006), generated a great deal of inter-
est in nutrigenomics (the effects of bioactive dietary compounds on the expression of
genes, proteins, and metabolites) and nutrigenetics (the effects of genetic variations
on nutrient influences on health and disease of an individual). The field of nutrition
science has always held out the hope of individualized dietary advice. However,
for most of the history of nutrition science, dietary advice has been anything but
“individualized.” With the completion of the Human Genome Project and numerous
research reports of nutrient—gene interactions, it may actually be possible to begin
providing truly individualized nutrition advice. Chapter 9 explores this possibility;
its objective is “to examine the feasibility, within the context of our current state of
inquiry into nutrient—gene interactions, of using genetic information as cues upon
which to base specific nutritional recommendations.” The conclusions drawn by
Vakili and colleagues are very interesting.

The final two chapters are an important part of the vision of the organizers of
the international phytochemical conference series. The organizers hope to stimulate
thoughtful and sound scientific research on the role of phytochemicals in disease pre-
vention and health promotion. In addition, the organizers also want to encourage the
development of commercial products based on solid research hypotheses and appro-
priate testing protocols. We would like to play a role in exposing industry to high-
quality models of how to develop and test potentially valuable phytochemical
products. Chapters 10 and 11 give two such examples.

In Chapter 10, Lemay and colleagues describe the development of a botanical
combination product for allergy symptoms. First the authors describe a screening
process to identify promising individual and combination botanicals with anti-aller-
gic action. A selection of candidate compounds was then further screened utilizing
skin-patch testing with human volunteers. The results of the second round of screen-
ing were used to formulate a potentially effective botanical combination formula. The
finalized formulation was then tested in a double-blind, placebo-controlled clinical
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trial. Lemay and colleagues report on the outcome of this developmental process and
suggest that it is “a model for achieving market entry and general market competitive-
ness of innovative technologies and products in the dietary supplement field.”

Chapter 11 presents a different type of model for the development of an innova-
tive therapeutic product. Randolph discusses the application of nutrigenetic princi-
ples (see discussion of these principles in Chapter 9) to the creation of a product that
can modulate or positively alter certain physiological parameters in a person due to
the existence of specific polymorphisms in that individual. One option (as discussed
in Chapter 9) might be to make dietary changes, while another would be to develop
a botanical therapeutic agent. In this chapter, Randolph discusses the development
program strategy and the data from a pilot clinical trial.

We believe the research presented in this book should be of interest to a broad
audience of food scientists and food technologists, researchers interested in phyto-
chemicals, food industry innovators, nutrition scientists and nutritionists, and other
allied health professionals. Phytochemical research is still in its infancy and it is
the goal of these chapters to promote high-quality science and stimulate creative
thought.

Mark S. Meskin
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CHAPTER 1

Technophysiology, Evolution, and Aging
Toward a New Image of Aging

Paola S. Timiras
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TECHNOPHYSIOLOGY, EVOLUTION, AND AGING

The increase of human population and the extension of human longevity, both world-
wide, represent perhaps the two greatest human achievements that have occurred
from prehistoric to current times. In this introductory chapter, the biological con-
sequences of this historical extension in human longevity are considered within the
context of those factors and conditions that may contribute to promote longevity
and quality of life in old age. Thanks to improving life conditions stemming from
advances in agricultural practices, followed by progress in industry and technology,
the life span has lengthened from 20-35 years in early history to 4550 years in 1900
and to 80 years and longer at the beginning this twenty-first century.!3

Thus, in the world’s healthiest countries, approximately one-half of the increase
in average life span has occurred during the twentieth century and persists in the
twenty-first.* Continuing progress in longevity may be attributed to (1) public health
reforms and improved hygiene, (2) advances in medical knowledge and practices,
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Figure 1.1 Proportion of the population aged 0-14 versus 65+ years of age, in ltaly,
1861-2050. Note: The increase in the proportion of the old population has crossed over the
decline in the proportion of the younger population in the early twenty-first century. Figures for
2001-2050 are projections. (From Timiras, P.S., Physiological Basis of Aging and Geriatrics,
4th ed., Informa Healthcare, New York, 2007. With permission.)

(3) better control of the environment, and (4) rising income and standards of living.
Much of the increase in average life span has been ascribed not only to extended
longevity, but also, in the most developed countries, to the near elimination of infant
mortality (Figure 1.1).>”7 Notwithstanding the improvement of survival at birth, the
proportion of young people in the total population has decreased and continues to
decline in most developed countries; this decline is primarily attributable to reduced
fertility due to various socioeconomic and lifestyle factors. This is illustrated in the
case of Italy, where the average family had five or six children in 1900, compared
to one child currently (Figure 1.1). The challenge of a larger proportion of older
than of younger people in the population demands “that societies reorient themselves
toward the care of a large, dependent population at the end of life rather than at the
beginning. Such adjustments are not without costs as the needs of children and of
the elderly are quite different.” Therefore, careful social and biomedical adjustments
and planning are required to provide for this significant shift in population distribu-
tion from younger to older ages.

In the United States, more people now live a longer average life span, and it has
been forecast that this trend may continue.’~” For example, it has been predicted that
by the year 2030 about one-fifth (18%) of the population will live to be 65 years or
older (Figures 1.2 and 1.3). The increase—from 2.7% men and 3.8% women in 1900
to 15.2% men and 26.6% women in 2002—in probability that 50-year-old men and
women may live to 90 years of age further illustrates the plausibility of this trend
(Figure 1.4).



