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1. 
CURRENT EPIDEMIOLOGY OF DIET AND AGING - 
WHAT ARE WE EATING NOW? 
Gladys Block, PhD (P), School of Public Health, 
University of California, 426 Warren Hall, Berkeley, CA 
94720 
The 1999-2000 National Health and Nutrition Examina- 
tion Survey (NHANES 99-00) provides the most recent 
dietary data from a large nationally representative 
sample. Trends in energy and nutrient intake across the 
life span are described. Energy intake decreases con- 
siderably with age, resulting in substantial declines in 
nutrient intake, especially in certain demographic groups. 
Food group patterns and vitamin supplement usage also 
vary with age. Certain serum nutrient levels are de- 
scribed, and compared with data from NHANES, 1988- 
94. 

o 

NUTRIGENOMICS, LIPID METABOLISM AND CAR- 
DIOVASCULAR DISEASE 
Jose M Ordovas, PhD (P) Nutrition and Genomics 
Laboratory. JM-USDA-HNRCA at Tufts Univ., Boston, 
MA 
Nutrigenomics is an emerging and promising 
multidisciplinary field that focuses on studying the inter- 
actions between nutritional, genetic factors, and health 
outcomes, using the new technical and conceptual 
developments derived, in part, from the human genome 
project. The ultimate goal of nutrigenomics is to elabo- 
rate more efficient individual dietary intervention strat- 
egies aimed to preventing disease and improving health 
status. To date, gene-diet interactions have been car- 
ried out using the =candidate gene" approach. Our 
studies using the Framingham Heart study as well as 
other population and intervention studies have found 
already significant evidence for interactions between 
dietary factors, genetic variants and biochemical mark- 
ers of cardiovascular disease. The traditional approach 
of recommending low fat, low cholesterol diets for the 
entire population has been the subject of heated dis- 
cussion, based on the fact that some populations with 
relatively high intakes of non-saturated fats have very 
low rates of cardiovascular diseases and other chronic 
disorders. Now, we can begin to characterize individu- 
als that may respond better to one type of recommen- 
dation or another. Therefore, a low fat, low cholesterol 
strategy may be especially beneficial in terms of lower- 
ing plasma cholesterol levels to those subjects carrying 
the apoE4 allele at the APOE gene. The levels of HDL 
are modulated also by dietary, behavioral and genetic 
factors. We have recently reported that the effect of 
dietary PUFA intake on HDL-cholesterol concentra- 
tions is modulated by a common genetic polymorphism 
in the promoter region of the APOA1 gene. Thus, 
subjects carrying the A allele at the -75 G/A polymor- 

Abbreviations: 
(P) Denotes Presenter 
(G) Denotes Post-doctoral Candidate for Glenn Award 
(N) Denotes Pre-doctoral Candidate for Nicolai Award 

phism show an increase on HDL-C concentrations with 
increased intakes of PUFA; whereas those homozy- 
gotes for the more common G allele have the expected 
lowering on HDL-C levels as the intake of PUFA goes 
up. We have also found significant interactions be- 
tween intake of fat and variability at the hepatic lipase 
locus that could also shed some light to the different 
ability of certain ethnic groups to adapt to new nutri- 
tional environments. At this regard we are carrying 
gene-diet interactions studies in Singapore, a country 
inhabited by three ethnic groups (Chinese, Indians and 
Malays). Our data is being contrasted with those ob- 
tained in Framingham in order to gain more under- 
standing about potential gene-diet-ethnicity interac- 
tions. This knowledge could pave the way for most 
successful dietary recommendations based on genetic 
factors that may help to reduce cardiovascular risk 
more efficiently than the current universal recommen- 
dations 

3,  

BALANCING LIFESTYLE AND GENOMICS RE- 
SEARCH FOR DISEASE PREVENTION IN LATER 
LIFE. 
Walter C. Willett, M.D (P), Harvard School of Public 
Health 
Both genetic and environmental factors, including diet 
and lifestyle, contribute to cardiovascular diseases, 
cancers, and other major causes of mortality, but vari- 
ous lines of evidence indicate that environmental fac- 
tors are most important. This evidence includes obser- 
vations that rates of these diseases differ dramatically 
among countries, that migrants from low to high risk 
countries almost always achieve the disease rates of 
their new environment, and that studies of twins within 
countries indicate a greater contribution to risk than 
genetic factors. Much of the genetic contribution seen 
in twin studies may be spread across hundreds of 
polymorphisms, each with a minor contribution that has 
little practical importance. Overly enthusiastic expecta- 
tions regarding the benefits of genetic research for 
disease prevention have the potential to distort re- 
search priorities and spending for health. However, 
integration of new genetic information into epidemio- 
logic studies can help to clarify causal relationships 
between both lifestyle and genetic risk factors and risks 
of disease. Thus, a balanced approach should provide 
the best data to make informed choices about the most 
effective means to prevent disease. 

4,  

DIET AND BRAIN AGNG IN A CANINE MODEL. 
Cotman, CoW. 1 (P), Head, El., Muggenburg, B.A2., and 
Milgram, N.W 3. 
1University of California, Irvine, Irvine, CA 92697; 
2Lovelace Respiratory Research Laboratory, Albuquer- 
que, NM 87108-5127; ~University of Toronto, 
Scarborough Ontario, Canada M IC 1A4 
Advanced age is accompanied by cognitive decline 
indicative of central nervous system dysfunction. One 
possibly critical causal factor is oxidative stress. Ac- 
cordingly, we studied the effects of dietary antioxidants 
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and age in a canine model of aging that parallels the key 
features of cognitive decline and neuropathology in 
humans. Old and young animals were placed on either 
a standard control food, or a food enriched with a broad 
spectrum of antioxidants and mitochondrial enzymatic 
cofactors. The dietary components included vitamin E, 
vitamin C, fruits, vegetables, alpha-lipoic acid and I- 
carnitine. At multiple time points during the 2.5 year 
intervention study, changes in different types of learn- 
ing abilities (landmark discrimination, oddity discrimi- 
nation, size discrimination and reversal learning, inten- 
sity discrimination learning and reversal) and spatial 
memory were examined. Overall, old animals per- 
formed more poorly than young animals. However, this 
age-associated decline was reduced in the animals fed 
the enriched food, particularly on the more difficult 
learning tasks. These results indicate that mainte- 
nance on foods fortified with complex mixtures of anti- 
oxidants can partially counteract the deleterious effects 
of aging on cognition. A series of neurobiological 
studies are currently underway. The first experiments 
indicate that the diet rich in antioxidants slowed, but did 
not reverse, senile plaque formation in the aged ca- 
nines. The largest reduction in AI3 was achieved in 
posterior cortical regions including the parietal and 
occipital cortices, which accumulate plaque pathology 
at later ages in the canine. These regions showed 
reduced AI3 deposition in the antioxidant-treated aged 
animals. Thus, a diet rich in antioxidants may slow 
cognitive decline and reduce senile plaque formation in 
a higher mammalian species and may be useful for 
promoting successful brain aging in humans. 

5o 

THE TRIAD OF DIET, OBESITY AND INSULIN RESIS- 
TANCE: MOLECULAR AND CELLULAR MECHA- 
NISMS. Andrew S. Greenberg (P), JM-USDA HNRCA at 
Tufts University, Boston, MA and Susan K Fried, Univer- 
sity of Maryland, Baltimore, MD. 
One of the major metabolic problems facing aging 
individuals is the regulation of glucose homeostasis. 
Both insulin sensitivity and adequacy of insulin secretion 
can be affected during the aging process. Insulin sensi- 
tivity may be regulated and/or decreased by alterations 
in body composition. Increases in fat mass and/or fat 
redistribution may promote insulin resistance. Insulin 
resistance appears to be a central component of the 
metabolic syndrome, which appears to affect approxi- 
mately 40% of individuals over the age of 60 years. The 
metabolic syndrome is increasing at an alarming rate 
and is a major risk factor for heart disease. As a result 
of alterations in body composition, adipocyte metabo- 
lism may become dysregulated. Enlarged fat cells pro- 
duce less perilipin and adiponectin but increased quan- 
tities of interleukin-6 (11_-6) and tumor necrosis factor 
(TNF). Perilipin, which coats the surface of intracellular 
triacylglycerol in adipocytes, blocks the lipolytic actions 
of lipases. Enlarged adipocytes have reduced perilipin 
protein levels, which may facilitate increases in fatty acid 
release (FA). Increased circulating FA promotes insulin 
resistance in skeletal muscle and liver. Both adiponectin 
and IL-6 act as hormones released by adipocytes. 

Adiponectin increases oxidation of fatty acids in periph- 
eral tissues. IL-6 increases adipocyte lipolysis and block 
insulin actions in peripheral tissues. Thus a reduction in 
adiponectin and increased production of IL-6 both pro- 
mote insulin resistance. TNF appears to act locally in 
adipose tissue and increases adipocyte lipolysis. Regu- 
lation of fatty acid metabolism appears to be a critical 
regulator of insulin sensitivity. The mechanisms that 
underlie the reduction in insulin secretion with aging 
remain unclear. Thus actions to maintain fatty acid 
homeostasis are critical in preventing insulin resistance 
and countering any reduced insulin secretory capacity 
that may be associated with aging. 

~ 

DIETARY AND GENETIC INTERACTIONS IN 
ALZHEIMER'S DISEASE. 
R.P. Friedland (P), F. Traore, S.M. Debanne, T. Fritsch, 
A.J. Lerner, K.A. Smvth. G.J. Petot. Laboratory of 
Neurogeriatdcs, Dept. of Neurology, Case Western 
Reserve University, University Hospitals of Cleveland. 
Genetic factors, especially the apolipoprotein E (Apo E) 
e4 allele, are important determinants of Alzheimer's 
disease (AD). However, many people with the e4 allele 
do not get the disease and many AD patients do not 
have the e4 allele. The role of Apo E as a lipid transport 
protein suggests that lipid homeostasis is an important 
factor in the disease. In our CWRU case-control study 
of 121 AD cases and 227 controls we investigated 
genetic and environmental risk and protective factors 
and their interactions. Diet was studied in mid-adult life 
using a life history questionnaire adapted from the 
Block Health Habits and History instrument. We have 
found that: 1 ) controls with Apo E e4 consumed less fat 
than controls without e4 (p < .01); 2) higher fat intake 
was protective in those without e4 [OR = 0.42 (95%CI 
0.2-0.89)]; 3) a diet pattern identified from factor analy- 
sis characterized by low fat/high antioxidant intake was 
protective [OR = 0.45 (.21-.96) for highest tertile); 4) 
midlife BMI and fish consumption were not related to 
disease, and 5) plasma total homocysteine values were 
also not related to disease. Other important issues to 
be considered include physical and mental exercise, 
smoking, education and occupational demands. Lipid 
levels may influence the crucial process of clearance of 
the amyloid Beta protein from brain to blood through 
competition for binding sites on Apo E. Genetic factors 
and diet and their interactions are important determi- 
nants in the causal web of AD. 

7,  

VITAMIN D AND SKELETAL HEALTH IN AGING 
Susan Harris. DSc (P). New England Research Insti- 
tute 
Abstract not available 
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DO AMYLOID-8 AND TAU SERVE ANTIOXIDANT 
FUNCTIONS IN THE AGING AND ALZHEIMER 
BRAIN? 
M.A. Smith ~ (P). G. Casadesus 2, J.A. JOseD h2, G. 
Perry1_. ~lnstitute of Pathology, Case Western Reserve 
University, 2USDA-Human Nutrition Research Center 
on Aging at Tufts University. 
Amyloid-13 and tau, the major components of senile 
plaques and neurofibrillary tangles, respectively, have 
historically been considered central mediators of the 
pathogenesis of Alzheimer disease. However, efforts 
to understand disease mechanisms through under- 
standing either the processes involved in amyloid-13 
deposition as senile plaques or on the phosphorylation 
and aggregation of tau as neurofibrillary tangles may be 
inappropriate. In fact, rather than initiators of disease 
pathogenesis, both lesions occur consequent to oxida- 
tive stress as relatively later events in neuronal patho- 
genesis. Moreover, there is increasing evidence that 
the lesions function as a primary line of antioxidant 
defense in both the aged and diseased brain. Given 
this, it is perhaps not surprising that the increased 
sensitivity to oxidative stress in the aged brain, even in 
control individuals, is invariably marked by the appear- 
ance of both amyloid-8 and tau. Additionally, in 
Alzheimer disease, where chronic oxidative stress per- 
sists and is superimposed upon an age-related vulner- 
able environment, one would predict, and there is, an 
increased lesion load. The notion that amyloid-B and 
tau function as protective components brings into seri- 
ous question the rationale of current therapeutic efforts 
targeted toward lesion removal. 

9. 
OXIDATIVE STRESS AND INFLAMMATION IN MPTP 
PARKINSONISM AND IDIOPATHIC PARKINSON'S 
DISEASE: STUDIES FROM cDNA MICROARRAY 
GENE EXPRESSION. 
"lMoussa B.H. Youdim (p), 2Gila Maor and Silvia Mandel 
1Eve Topf and US National Parkinson Foundation Cen- 
ters of Excellence for Neurodegenerative Diseases 
Research and Department of Pharmacology and 2De- 
partment of Cell Biology, Technion-Faculty of Medi- 
cine, Haifa, Israel. 
Cell death whether it occurs in systemic organs or CNS 
involves a set of complex processes, many of which 
have not been identified biochemically. In Parkinson's 
disease environmental factors and genetic vulnerabil- 
ity of nigro-striatal dopamine-containing neurons have 
been implicated. It is possible that both events are 
involved. At the present biochemical techniques cannot 
adequately establish this. However, the advent of cDNA 
microarray or microchips (genomics) and proteomics, 
by which the expression of thousands of genes and 
their proteins can be measured at once to give a global 
assessment of the disease pathology progress, is sim- 
plifying this. We have employed these techniques to 
study the mechanism of neurotoxicity induced by M PTP 
and 6-hydroxydopamine in neuronally-derived cells in 
culture and in the animal models of Parkinson's dis- 
ease, and the neuroprotection initiated by the monoam- 
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ine oxidase-B inhibitor/anti-Parkinson drug rasagiline, 
iron chelators (R-apomorphine, green tea polyphenol 
EGCG and VK-28) and other neuroprotective drugs. 
Our studies have clearly indicated that MPTP-induced 
early (first 24 hr) gene expression, prior to nigro-striatal 
dopamine neuron death, are a prerequisite for the >50 
late gene changes implicated at the time of neuronal 
death. The latter include genes involved in iron metabo- 
lism, oxidative stress, inflammatory processes, 
glutamatergic excitotoxicity, nitric oxide, growth fac- 
tors, cytokines, transcription factors, cell cycle, 
apoptosis, intermediatory metabolism and others 
(huntingtin, prostaglandines and neurotrophic factors), 
previously not identified. The expression changes of 
many of the latter genes, also identified by in-situ 
hybridization, is prevented when the animals are pre- 
treated with the aforementioned neuroprotective drugs, 
such as R-apomorphine, EGCG and rasagiline. These 
studies clearly show that neurodegeneration is a com- 
plex cascade of "domino effect" in which single 
neuroprotective drug treatment may not be adequate in 
clinical therapy. But rather, similar to the treatment of 
cancer, AIDS and cardiovascular diseases, a cocktail 
of neuroprotective drugs may be of greater effective- 
ness for the treatment of neurodegenerative diseases. 
Our goal is to understand the interplay of early gene 
changes with the process of neurodegeneration and 
neuroprotective pharmacological activities. 

10. 
NFcB ACTIVATION AND DIABETES. 
Tammy M. Bray (P), College of Health and Human 
Sciences and LPI, Oregon State University, Corvallis, 
OR 97331 
Although many risk factors can trigger the development 
of type I diabetes, it is likely that reactive oxygen 
species (ROS) are involved in 13 cell death and disease 
progression. Development of type 2 diabetes is pre- 
dominantly genetic predisposed and dietary activated, 
the pathogenesis of the long term disease outcome is 
also related to ROS. This presentation will focus on the 
role of antioxidant defense systems in the susceptibility 
to type I diabetes and on ROS as cellular messengers 
that regulate the expression of genes leading to 13 cell 
death. Accumulating evidence indicates that increased 
antioxidant defense systems reduce the susceptibility 
to diabetes in animal models or in human study. It is 
suggested that pancreas-specific ROS productions play 
a critical role in signaling the cellular autoimmune/ 
inflammatory response by activating the transcription 
factor, NFKB. Various diabetogenic factors may lead to 
an increase in ROS production, which activates the 
redox-sensitive NF~B. This may be the initial event for 
the expression of cytokines and chemotactic agents 
involved in the inflammatory response. It is believed 
that this cascade results in a cyclic amplification of ROS 
and eventually leads to apoptosis and/or necrosis of 
cells. The specificity of antioxidants to inhibit NF~B 
activation and the hyperglycemic response empha- 
sizes the importance of selectivity in antioxidant therapy. 
Our understanding of the cellular and mechanistic role 
of ROS in the etiology of diabetes will help us lead to the 
development of better prevention strategies. 



11. 
OXIDATIVE STRESS, INFLAMMATION IN 
CARDIOVASCULAR DISEASE. 
_J.F. Keaney, Jr. (P~ Boston University School of Medi- 
cine 
Information regarding cardiovascular risk factors asso- 
ciated with systemic oxidative stress and inflammation 
has largely been derived from highly selected samples 
with advanced stages ofvasculardisease. Thus, ithas 
been difficult to evaluate the relative contribution of 
each cardiovascular risk factor to both systemic oxida- 
tive stress and inflammation to determine if such risk 
factors act independently and are applicable to the 
general population. We examined subjects from the 
Framingham Heart Study and measured systemic 
markers of both oxidative stress and inflammation. 
Age- and sex-adjusted multivariable regression mod- 
els were used to assess clinical correlates of oxidative 
stress and inflammation. In age- and sex-adjusted 
models, increased markers of oxidative stress and 
inflammation were positively associated with a number 
of established risk factors for cardiovascular disease as 
well as body mass index. In contrast, some well-known 
risk factors for cardiovascular disease were not associ- 
ated with oxidative stress such as age, total choles- 
terol, and hypertension. These data suggest the rela- 
tion between cardiovascular disease, oxidative stress, 
and inflammation is complex and warrants evaluation 
in large-scale studies. Moreover, these data also impli- 
cate obesity as a state of heightened oxidative stress 
and inflammation. 

12. 
STRESS RESPONSES IN THE AGED RAT BRAIN. 
J, Regino Perez-Polo, (P) University of Texas Medical 
Branch, Galveston, Texas 
The aged nervous system displays both impaired cogni- 
tive functions and recovery from challenges to its ability 
to maintain homeostasis. Our hypothesis is that aging- 
associated chronic oxidative stress serves to alter the 
dynamic ability for the nervous system to respond to 
acute insults and return to energy homeostatic setpoints. 
Here we examine the response of aged rat hippocampi 
to normobaric hyperoxia treatments and demonstrate 
an attenuation in the DNA binding activity of the NF-kB 
transcription factors, which are important components of 
stress response signal traneduction pathways and can 
determine shifts in cellular commitments to necrosis, 
apoptosis, or functional recovery in the central nervous 
system. Hyperoxia is an oxidative stressor that triggers 
signaling cascades via changes in promoter activation 
by transcription factors. The transcription factor NF-kB 
has been shown to regulate transcription of many genes 
that play a role in inflammation and recovery from acute 
or chronic trauma. The aged-associated changes in N F- 
kB action may account for some changes in cognitive 
function. 

13. 
OVERVIEW OF THE ANTIOXIDANT AND ANTI-IN- 
FLAMMATORY PROPERTIES OF BIOFLAVONOIDS. 
Mary Ann Lila (P), University of Illinois, Urbana, IL 61801 
The flavonoids are a category of polyphenolic 
phytochemicals that are naturally-occurring and widely 
available in a wide range of edible plant foods including 
fruits, vegetables, nuts, honey, and teas. A typical daily 
intake in a healthy diet is 1-2 g. Plants synthesize 
flavonoids as a defensive reaction to stress (UV light, 
extreme temperatures, etc.), or to help attract pollina- 
tors, but for the humans that consume flavonoid-rich 
plants, these extranutritional constituents (a.k.a. 
bioflavonoids) exert significant preventative, health-pro- 
moting, and therapeutic properties for health mainte- 
nance. The best known and most widely publicized 
property of flavonoids is the antioxidant capacity, yet 
flavonoids can also act as prooxidants, enzyme inhibi- 
tors, antiadhesins, enzyme activators, anti-inflamma- 
tory agents, antiproliferative agents, vasoprotective 
agents, and more. These versatile compounds have 
unfortunately been extremely difficult to study due to 
their large, complex structures, ephemeral nature, and 
the potentiation effects created when different com- 
pounds interact to exert biological activity. Creative 
labeling of key flavonoids prior to feeding may provide a 
means to do the metabolic tracking and quantification 
necessary to making valid recommendations for con- 
sumption. 

14. 
MOLECULAR BASIS OFTHE ANTI- INFLAMMATORY 
PROPERTIES OF ISOFLAVONES. 
S. Barnes (P~. T. D'Alessandro, J. Prasain. R. Moore II, 
M. Kirk, N.P. Botting, R.P. Patel, V.M. Darley-Usmar, 
Departments of Pharmacology & Toxicology and Pa- 
thology, Purdue-UAB Botanicals Center for Age-Re- 
lated Research, and Comprehensive Cancer Center 
Mass Spectrometry Shared Facility, University of Ala- 
bama at Birmingham, Birmingham, AL 35294, and De- 
partment of Chemistry, St. Andrews University, Fife, 
Scotland. 
Isoflavones are members of the polyphenol family and 
are present in a limited number of foods, principally soy- 
derived products Their consumption is associated with a 
lowered incidence of chronic diseases such as athero- 
sclerosis, cancer, cognitive decline and osteoporosis. In 
many of these diseases, inflammation is an important 
associated event. Polyphenols have long been assigned 
antioxidant and antiinflammatory properties. However, 
there is a discordance between their in vitro properties 
and their effects in vivo - the concentrations needed in 
vitro far exceed the amounts present in the blood. Since 
inflammation is a localized event around inflammatory 
cells, we have examined the hypothesis that circulating 
isoflavones after the chemistry of that local environment 
and in doing so are converted to new pharmacophores. 
Isoflavones contain two aromatic rings both of which are 
analogous to the phenolic tyrosine residues on proteins. 
They are converted to relatively stable free radicals and 
can in turn react with other antioxidants such as vitamin 
C, thereby increasing their antioxidant potency. In mod- 
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els of inflammation, protein tyrosines in the vicinity of the 
inflammatory cells are chlorinated (by HOCI generated 
by neutrophils) and nitrated (by peroxynitrite generated 
by several inflammatory cell types). The addition of 
HOCI and peroxynitrite to isoflavones leads to rapid 
chlorination and nitration. Activation of neutrophils by 
phorbol esters results in rapid chlorination of isoflavones. 
In a rat lipopolysaccharide model of cholestasis, exten- 
sive nitration of genistein is observed in the lung. Chlo- 
rinated daidzein and genistein are more potent antioxi- 
dants in models of LDL oxidation. However, they have 1- 
2 orders of magnitude lower effects on estrogen recep- 
tor-dependent gene expression than their parent com- 
pounds. In summary, a rationale for the larger biological 
effects of isoflavones than can be detected in vitro was 
developed - this may arise from (1) synergistic interac- 
tion with other antioxidants, (2) conversion at local sites 
of inflammation to stronger antioxidants, and (3) forma- 
tion of weaker estrogenic metabolites. These events 
may each have important roles in the prevention of aging 

15. 
HEALTH BENEFITS OF PHYTOCHEM!CALS OF 
FRUITS AND VEGETABLES, 
Rui Hal Liu, M.D,, Ph.D. (P) Department of Food Sci- 
ence, 108 Stocking Hall, Cornell University, Ithaca, NY 
14853 
Epidemiological studies have consistently shown that 
regular consumption of fruits and vegetables is associ- 
ated with reduced risk of chronic diseases, such as 
cancers, cardiovascular disease, stroke, Alzheimer's 
disease, cataracts and some of the functional declines 
associated with aging. In 1989, a report from the 
National Academy of Sciences on diet and health rec- 
ommended consuming five or more servings of fruits 
and vegetables daily for reducing the risk of both cancer 
and heart disease. The Five-a-Day program was devel- 
oped as a tool to increase public awareness of the health 
benefits of fruit and vegetable consumption and promote 
adequate intakes of known vitamins. Plant-based foods, 
such as fruits, vegetables and whole grains, which 
contain significant amounts of bioactive phytochemicals, 
may provide desirable health benefits beyond basic 
nutrition to reduce the risk of chronic diseases. It is now 
widely believed that the actions of the antioxidant nutri- 
ents alone do not explain the observed health benefits of 
diets rich in fruits and vegetables because taken alone, 
the individual antioxidants studied in clinical trials do not 
appear to have consistent preventive effects. Work 
performed by our group and others have shown that fruit 
and vegetable phytochemical extracts exhibit strong 
antioxidant and antiproliferative activities; we proposed 
that the additive and synergistic effects of phytochemicals 
in fruits and vegetables are responsible for these potent 
antioxidant and anticancer activities, and that the benefit 
of a diet rich in fruits and vegetables is attributed to the 
complex mixture of phytochemicals present in whole 
foods. Our hypothesis may explain why no single 
antioxidant can replace the combination of natural 
phytochemicals in fruits and vegetables to achieve the 
health benefits. We believe that the evidence suggests 
that antioxidants are best acquired through whole food 
consumption. 
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16. 
THE ROLE OF FRUIT POLYPHENOLICS IN BRAIN 
AGING. 
James A. Josephl(P), Gemma Casadesus 1, Rachel L. 
GalIF and Barbara Shukitt-Hale 2 
1United States Department of Agriculture Human Nutri- 
tion Research Center on Aging at Tufts University, 
Boston, MA 02111; 2Department of Psychology, 
Simmons College, Boston, MA 02115 
Dietary supplementation (S) with fruit or vegetable ex- 
tracts high in antioxidants (e.g., blueberry, BB, spinach) 
can decrease the enhanced vulnerability to oxidative 
stress (OS) that occurs in aging and these reductions 
are expressed as improvements in neuronal signaling 
and behavioral. In addition, recent examinations using 
striatal or hippocampal tissue isolated from BB supple- 
mented aged animals, have shown that striatal slices 
show reductions in H202-induced decrements in musca- 
rinic receptor sensitivity decrements, while the hippoc- 
ampal slices show decreases in baseline levels of HSP- 
70 and increases in HSP-70 responsiveness to li- 
popolysaccharide (LPS) exposure. Moreover, there are 
also indications that BB supplementation can also re- 
duce the sensitivity to neurotoxic agents (kainic acid) 
that induce oxidative stress and inflammation. Addi- 
tional experiments suggest that BB effects also may 
include enhancement of neuronal signaling, and that 
these increases can offset the putative deleterious con- 
sequences of amyloid beta deposition in APP/PS-1 
mice. Therefore, it appears that polyphenolic com- 
pounds such as those found in BB may exert their 
beneficial effects by enhancing the endogenous anti- 
inflammatory, antioxidant and neuronal signaling capa- 
bilities of the organism. In addition, recent work from our 
laboratory has indicated that one of the most striking 
effects of BB supplementation may involve increases in 
neurogenesis. It is known that factors such as head 
injury, depression and stress that lead to decreases in 
neurogenesis are all associated with greater rates of 
cognitive decline. Conversely, exercise and environ- 
mental enrichment can improve both neurogenesis and 
cognitive function in aging. The results of our recent 
work has indicated that aged BB-supplemented rats, 
tested in the radial arm water maze (RAWM) and given 
injections of BrdU showed that the number of proliferat- 
ing cells in the dentate gyrus were significantly higher (p 
<0.05) in the BB-fed rats. Moreover, these findings were 
correlated with improvements in the RAWM perfor- 
mance such that as the number of proliferated cells 
increased, the number of memory errors decreased 
(reference memory errors: r = - 0.654, p< .05, working 
memory errors: r = -0.646, p< .05, total memory errors: 
r = -0.587, p=.08). Subsequent research has indicated 
anthocyanins from BB supplementation can localize in 
various brain regions and that the number of the antho- 

cyanins that localize in regions such as the cortex are 
negatively correlated with the amount of errors made in 
the Morris water maze on the probe trials. Taken 
together, these findings suggest that antioxidant-rich 
fruits such as BBs may improve cognitive performance 
by increasing proliferation of neural precursor cells in the 
hippocampus (i.e., RAM Kempermann, 2002) and en- 



hancing signaling in areas such as cortex, hippocam- 
pus, and striatum which may offset deficits in in aging or 
via genetic modifications. 

17. 
INTERACTION BETWEEN DIETARY FLAVONOIDS 
AND THE BRAIN BARRIER. 
Kuresh Youdim, PhD (P), M. Zeeshan Qaiser, Catherine 
A. Rice-Evans & N. Joan Abbott 
Antioxidant Research Group, Wolfson Centre for Age- 
Related Diseases, and Blood-Brain Barrier Group, Cen- 
tre for Neuroscience Research, Guy's King's and St 
Thomas's School of Biomedical Sciences, King's Col- 
lege, London SE1 1UL 
Recent studies highlight an exciting role with respect to 
the neuroprotective actions of dietary flavonoids. The 
mechanisms associated with flavonoid neuroprotection 
is complicated by the lack of information about their 
ability to enter the CNS. However, we have shown 
recently, using an in vitro blood-brain barrier (BBB) 
model (ECV304 co-cultured with C6 glioma cells) that 
flavonoids including their physiologically relevant me- 
tabolites exhibit high apparent permeability (P~) across 
the brain endothelium. Using [~H] naringenin and ['4C] 
quercetin as model substrates we have also shown in 
vivo, accumulation into 7 brain regions (cerebellum, 
cortex, hippocampus, hypothalamus, striatum, supe- 
rior colliculus, and medulla). Total uptake (K= I~L min- 

g-~) of naringenin was high in all regions studied, 
suggesting significant passive permeability. In con- 
trast quercetin uptake was comparable to the P-glyco- 
protein (P-gp) efflux transporter substrate, colchicine. 
The potential influence of efflux transporters in mediat- 
ing quercetin permeability in vivo, was studied by pre- 
administering animals with P-gp inhibitors PSC833 and 
GF120918 (10mg/kg). Only GF120918 significantly 
effected uptake. A closer examination of the role played 
by efflux transporters on flavonoid flux across the BBB 
was performed using MDCK-MDR1 and rat brain en- 
dothelial cells (RBE4) (both expressing functional P- 
gp). Our in vitro findings support observations in vivo, 
where flavonmoid accumulation was greatest in cells 
exposed to GF120918. In conclusion, these studies 
demonstrate that flavonoids are able to permeate the 
BBB but that some are possible substrates for efflux 
transporters, which limit their CNS bioavailabiUty. 

18. 
PROTEOMICS IDENTIFICATION OF PROTEIN TAR- 
GETS OF POLYPHENOLS IN RODENT BRAIN. 
',4.Helen Kim (P), ',4Jessy Deshane, 1,ZLandon Wilson, 
1,SMarion Kirk, '.SScott Isbell, 2Clinton Grubbs. 
'.4.sStephen Barnes, and 3Sreelatha Meleth. Depart- 
ments of 'Pharmacology & Toxicology, 2Surgery and 
3Biostatistics, 4UAB Mass Spectrometry and Proteomics 
Shared Facility, and SPurdue/UAB Botanicals Center 
for Age-Related Diseases, University of Alabama at 
Birmingham, AL 35294. 
Many botanically-derived dietary supplements are 
thought to have health benefits due to the anti-oxidant 
activities of constituent polyphenolic compounds; ex- 
amples of such polyphenols are the catechin in teas, 

the procyanidins in grape seeds, and the isoflavones in 
soy. Previous findings by others indicated that oxida- 
tive stress is a risk factor for age-related cognitive 
decline, as well as for Alzheimer's disease. 
We hypothesized that dietary supplementation with 
polyphenols would have neuroprotective actions in 
rodent brain that would be manifested as either en- 
hancement of expression or modifications of proteins 
important for neuronal viability, and/or reduction of 
expression or modifications of, proteins linked with 
neuropathology. Normal female adult rats were main- 
tained on 5% grape seed extract-supplemented diets 
for six weeks, after which they were sacrificed, and 
homogenates of their whole brains analyzed by 
proteomics technology (2-dimensional electrphoresis 
followed by mass spectrometry) to assess protein dif- 
ferences between the two sets of brain homogenates. 
Software-assisted image analysis of the 2D gel images 
identified several gel =spots" that quantitatively differed 
in intensity or in horizontal position between the two 
sets of gels representing the dietary groups. Matrix- 
assisted laser-desorption ionization time of flight mass 
spectrometry (MALDI-TOF MS) followed by quadru- 
pole time of flight mass spectrometry (Qtof MS) identi- 
fied the proteins contained in the gel spots of interest. 
With the exception of one novel protein, and a 
cytoskeletal protein, all the proteins identified in this 
study were previously implicated in either Alzheimer's 
disease, or mouse models of neurodegeneration. 
Moreover, the direction of the differences determined in 
this study were in the opposite direction to those de- 
tected for these proteins in the disease tissues. These 
results strongly suggest that ingestion of components 
in grape seed extract was neuroprotective. 

19. 
MECHANISMS BY WHICH GARLIC AND ALLYL 
SULFUR COMPOUNDS SUPPRESS CANCER. 
J. A. Milner fP), Nutritional Science Research Group, 
Division Cancer Prevention, National Cancer Institute, 
National Institutes of Health, Department Health and 
Human Services, Rockville, MD 20892. 
Garlic [Allium sativum] is among the oldest of all culti- 
vated plants. Throughout history it has been revered 
for its medicinal properties with benefits proposed to 
encompass antimicrobial, antithrombotic, hypolipidemic, 
antiarthritic, hypoglycemic and antitumor effects. In 
some parts of the world the sales of garlic preparations 
ranks with those of leading prescription drugs. A vari- 
ety of epidemiological and preclinical studies support 
the ability of allium foods, particularly garlic, to retard 
the cancer process. While epidemiological evidence 
suggests allium foods may retard the risk of cancer at 
several sites the strongest evidence exists for the 
gastrointestinal tract. It is unclear if the variability in 
epidemiological observations relates to the quantity, 
duration or to the type of garlic preparation provided or 
maybe to a modified response resulting from interac- 
tions with a host of dietary or environmental factors or 
with the consumer's genetic (nutrigenetic) profile. Nev- 
ertheless, a recent report suggests that reduced risk of 
prostate cancer that was associated with enhanced 
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allium vegetables consumption was independent of 
body size, intake of other foods, and total calorie 
intake. Fresh garlic extracts, deodorized garlic prepa- 
rations, garlic oil and a number of individual organosulfur 
compounds derived from garlic have been found to 
modify one or more aspects of the cancer process in 
model systems. While the mechanism(s) by which 
garlic and its organosulfur constituents brings about 
these effects remains elusive several mechanisms are 
plausible. Among the possible mechanisms are alter- 
ations in drug metabolizing enzymes, reduced oxida- 
tive damage, suppressed tumor proliferation, enhanced 
apoptosis and suppressed angiogenesis. The shifts in 
carcinogen metabolism arefrequently accompanied by 
a reduction in the activity of some cytochrome P450s 
enzymes, an increase in the activity of glutathione S- 
transferases carcinogens and an accompanying re- 
duction in DNA adducts in several target tissues. 
Carcinogen induction studies reveal that the benefits of 
garlic are not limited to a specific species, to a particular 
tissue, or to a specific type of carcinogen. The 
antiproliferative activity associated with garlic and re- 
lated organosulfur compounds has been observed in 
several tumor cell lines and may relate to changes in 
cell cycle regulation resulting from a reduction in p34 
(cdc2) kinase activity as a result of posttranslational 
changes in phosphorylation. The nutrigenomics ef- 
fects of selected allyl sulfur compounds are evident by 
the widespread effects on the expressions of genes 
involved with various cancer processes. Biochemical 
analysis of tumors revealed several characteristic fea- 
tures of apoptosis, including the formation of DNA 
ladders, compaction of nuclear DNA, and the activation 
of caspase-3. Recently diallyl sulfide (DAS), an 
organosulfur compound present in garlic was reported 
to inhibitangiogenesis in tumor bearing mice. The 
exact molecular target for any of the alteration in the 
cancer process remains to be determined. Transgenic 
and knockout models may offer special insights into the 
sites of action of garlic and its allyl sulfur components. 
Overall, while compelling preclinical evidence supports 
garlic and its organic allyl sulfur components are effec- 
tive inhibitors of the cancer process, considerably more 
controlled intervention studies in humans are needed 
to truly define who will benefit from garlic and its 
components and under what circumstances. 

20. 
THE HEALTH BENEFITS OF NUTS FOR AN AGING 
POPULATION. 
Joan Sabate, ~P), Loma Linda University, Loma Linda, 
CA 
Coronary heart disease and diabetes are leading causes 
of morbidity and mortality in the aging population in the 
U.S. Four large prospective epidemiological studies 
have reported consistent and substantial protective 
effects of nut consumption on risk of CHD. Persons 
eating nuts 5 or more times per week have a 30 to 50% 
reduction in risk for myocardial infarction or CHD death, 
compared to those eating nuts infrequently. The pro- 
tective effect of nuts on CHD has been found in men 
and women, adults and the elderly. Also, recent epi- 

demiological findings have linked nut consumption to 
the prevention of type 2 diabetes. 
Presently, there is a growing interest in the scientific 
community about the mechanisms that may explain the 
cardioprotective effects of nuts. Nuts are complex plant 
foods and a rich source of many nutrients. The matrix 
of nutrients and bioactive substances present in nuts 
suggests that multiple mechanisms may exert their 
beneficial effects on cardiovascular risk. 
A number of well controlled clinical trials and other less 
controlled human nutrition studies indicate that the inclu- 
sion of nuts in the diet lowers total and LDL cholesterol 
blood levels and improves the lipoprotein profile: The 
cholesterol-lowering effect of nut-rich diets seems to be 
greater than predicted for their fatty acid composition. 
Thus, other lesser-known constituents in nuts may have 
also beneficial effects. Nut-rich diets do not seem to 
affect body weight. Fewer studies have been conducted 
on other factors that affect cardiovascular disease risk 
such as the oxidizability of LDL, lipoprotein (a). Avail- 
able data, however small, also indicates favorable ef- 
fects of nuts on them. 
Additional research is needed to further understand the 
cardioprotective effect of nuts and mechanisms by which 
nuts may lower the risk of type 2 diabetes. 

21. 
GREEN TEA POLYPHENOL 
(-)-EPIGALLOCATECHIN-3-GALLATE; A NOVEL 
NEUROPROTECTIVE AND NEURORESCUE AGENT 
FOR TREATMENT OF AGEING BRAIN. 
Silvia Mandel (P), Tamar Amit. Lvdia Reznichenko, 
Limor Tal, Orly Weinreb and Moussa B. H. Youdim 
Eve Topf and US National Parkinson's Foundation Cen- 
ters of Excellence for Neurodegenerative Diseases, 
Bruce Rappaport Family Research Institute and Depart- 
ments of Pharmacology, Faculty of Medicine, Technion, 
Haifa, Israel. 
We have recently reported that both green tea extract, 
as well and its main polyphenol constituent, (-)- 
epigallocatechin-3-gallate (EGCG) possess potent 
neuroprotective activity in cell culture and in mice 
MPTP (N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) 
model of Parkinson's disease, part of which may be 
explained by their radical scavenging-iron chelating 
actions. However, the cell signaling mechanism impli- 
cated in this action is unknown. We have extended our 
in vivo studies to neuronal cell culture employing the 
neurotoxins, 6-hydroxydopamine (6-OHDA,501~M), 1- 
methyl-4-phenytpyridinium (MPP § 4001~M) and amy- 
Ioid-beta peptides (AI]I.~, 1~, 1-42, 10~M) to induce cell 
damage. Pretreatment with EGCG (0.1-10pM) mark- 
edly attenuated human neuroblastoma (NB) SH-SY5Y 
and rat PC12 cell death, induced by 24 h exposure to 
the toxins or by serum withdrawal, as assessed by 
nucleosome formation and mitochondrial function analy- 
sis. EGCG was able not only to prevent, but also to 
rescue the neurons when applied after A~-induced cell 
damage or 4 days after serum deprivation. Potential 
cell signaling candidates involve in this neuroprotective 
effect were further examined. EGCG restored the re- 
duced protein kinase C (PKC) and extracellular signal- 
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regulated kinases (ERK1/2) activities, caused by 6- 
OHDA toxicity. Furthermore, EGCG (0.1-10pM) con- 
siderably increased (~8-fold) the secretion of the non- 
amyloidogenic soluble form of the amyloid precursor 
protein (sAPP(x) into the conditioned media in both cell 
lines. Thus, EGCG may affect APP metabolism by 
shifting the balance of (z-secretase-mediated APP pro- 
cessing towards a presumably non-pathogenic path- 
way. The positive effect of EGCG on cell survival and 
sAPPa secretion, was abolished by pretreatment with 
PKC inhibitor GF109203X (IlJM), indicating the in- 
volvement of PKC in the stimulated effect. In addition, 
customized cDNA microarray expression analysis and 
confirmatory real-time PCR and protein determination 
revealed that EGCG decreased the expression of pro- 
apoptotic Bcl-2-family members Bax, caspase-1, cyclin 
dependent kinase (cdk)inhibitor p21 (Wafl), mdm2, 
growth arrest and DNA-damage-inducible protein 
GADD451~ (gadd4513) and tumor necrosis factor-re- 
lated apoptosis-inducing ligand (TRAIL) mRNAs. We 
also demonstrated a concentration-dependent correla- 
tion between EGCG structurally-related antioxidant 
compounds and modulation of cell survival/cell death- 
related gene pathways. Given the potent antioxidant, 
neuroprotective, neurorescue and enhancing sAPP(x 
release properties of EGCG, we suggest that this 
polyphenol may significantly and beneficially delay the 
progression of neurodegenerative disorders such as 
Alzheimer's, Parkinson's and Lewy body diseases. 

22. 
TEA, CARDIOVASCULAR DISEASE AND ENDOT- 
HELIAL CELL FUNCTION 
Joseph A. Vita, MD (P) 
Epidemiological studies suggest that consumption of 
tea and other flavonoid-containing foods is associated 
with reduced risk of cardiovascular disease events 
including myocardial infarction and stroke. There also 
are data to suggest that tea consumption reduces 
extent of atherosclerosis in the aorta and the risk of 
recurrent complications following myocardial infarc- 
tion. The mechanisms responsible for these beneficial 
effects remain uncertain. Studies that attempted to 
demonstrate that tea has an antioxidant effect in vivo in 
human subjects have had mixed and largely negative. 
These findings have prompted investigators to con- 
sider other possible explanations. 
One area of particular interest has been the vascular 
endothelium. Recent studies have emphasized that the 
endothelium plays a central role in the regulation of 
vascular homeostasis. Loss of normal endothelial func- 
tion may promote the development of atherosclerotic 
lesions and the conversion of quiescent plaques to 
active plaques that are responsible for acute ischemic 
syndromes, including myocardial infarction and stroke. 
There recently has been considerable interest in the 
effects of certain water-soluble antioxidants on endot- 
helial function. For example, studies indicate that short 
and long term exposure to ascorbic acid enhance 
endothelium-dependent vasodilation in patients with 
coronary artery disease. These studies prompted us to 
examine the effects of tea consumption on endothelial 

function. In a randomized crossover clinical trial, we 
observed that tea consumption improves endothelial 
function in patients with coronary artery disease. These 
findings were not attributable to the effects of caffeine 
and appear to be specific for the endothelium, rather 
than vascular smooth muscle. Similar findings have 
been reported for patients with mild hypercholester- 
olemia, and for other flavonoid-containing beverages. 
Ongoing studies will exam the effects of specific com- 
ponents in tea in an attempt to determine how tea is 
exerting this effect. Tea consumption has beneficial 
effects on other clinically relevant aspects of the cardio- 
vascular system. For example, tea consumption has 
been shown to reduce systemic markers of platelet 
activity and collagen-induced platelet aggregation. 
Thus, there is growing evidence that tea consumption 
has effects on endothelial function and possibly platelet 
function that would tend to reduce the risk of cardiovas- 
cular disease. While there are insufficient data to specifi- 
cally recommend tea consumption for treatment or pre- 
vention of coronary artery disease, the evidence is 
growing. As tea is a vegetable-derived beverage, how- 
ever, a recommendation to drink tea would be consistent 
the dietary guidelines of the American Heart Association 
to increase consumption of fruits and vegetables as a 
strategy to reduce the risk of heart disease. 

23. 
THE ANTI-ATHEROGENIC PROPERTIES OF GRAPE 
PRODUCTS. 
John Folts (P). University of Wisconsin, Madison, WI 
Many factors are thought to stimulate the vascular 
biology of atherogenesis in multiple interacting ways. 
Platelets and other cells release mitogenic growth 
factors, which stimulate Vascular Smooth Cells (VSMC) 
to multiply and migrate toward the lumen. Healthy 
endothelial cells (EC's) inhibit the stimulation of VSMC 
and inhibit the entry of LDL into the wall of the artery. 
Healthy EC's also secrete Nitric Oxide, which relaxes 
VSMC and allows the artery to dilate thus improving 
blood flow. However when the endothelial layer be- 
comes dysfunctional, i.e. Dysfunctional EC'S (DEC's) 
this antiatherogenic protection is lost. Free radicals, 
elevated LDL and Homocystein produce DEC's. DEC's 
do not secrete normal amounts of Nitric Oxide but can 
secrete Endothelin 1, which promotes atherogenesis 
and causes vasoconstriction. In addition, DEC's re- 
lease inflammatory mediators that draw Monocytes 
into the arterial wall where they become Macrophages 
and take up LDL, which is oxidized by free radicals. 
These Macrophages become foam cells and lead to 
fatty streak formation. We and others have shown that 
the Flavonoids in Grape products can inhibit platelet 
aggregation, improve endothelial function, protect LDL 
from oxidation, inhibit VSMC proliferation and inhibit 
the activation of Monocytes, which become the Mac- 
rophages. Thus Grape Flavonoids from Red Wine, 
Purple grape juice, or grape seeds and skins may 
inhibit the initiation and progression of Atherosclerosis 
by multiple mechanisms. The anti-platelet properties of 
Flavonoids may also inhibit the platelet-mediated throm- 
bosis that occurs in Acute Coronary Syndromes. The 
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initiation of experimental atheromas in Hypercholester- 
olemic animals has also been diminished by feeding 
them Red Wine or Purple grape juice. Thus the "French 
Paradox" may be a real phenomenon. 

24. 
GREEN TEA POLYPHENOL 
(SUNPHENON) PROLONGS THE AVERAGE LIFE 
SPAN OF MALE C571BL MICE, 
K. Kitani ~. T. Yokozawa 2 ~National Institute for Longev- 
ity Sciences, 36-3, Gengo, Moriokacho, Obu-shi; 2Insti- 
tute of Natural Medicine, Toyama Medical & Pharma- 
ceutical Univ., 2630 Sugitani, Toyama, Japan 
Although the Free Radical Theory of Aging initially 
proposed by Harman half a century ago has been 
increasingly supported in recent years, a direct proof 
for the thesis is still lacking. If the administration of a 
nutritional antioxidant is shown to increase the life span 
of animals, it may serve as a significant progress for the 
theory. At the same time, it may also provide a means 
for prolonging the life span (at least health span) of 
humans. Despite this expectation, past efforts in this 
direction have been mostly unsuccessful and the gen- 
eral consensus of experimental gerontology is that the 
only reproducible means to prolong the life span of 
animals is caloric restriction. 
In our previous work, we reported that an oral adminis- 
tration of tetrahydrocurcumin (a more active antioxi- 
dant metabolite of curcumin contained in turmeric) can 
significantly prolong average life span as well as the 
10% longest survival of male C57/BL mice. In the 
present study, we examined the effect of green tea 
polyphenols (PP). Male C57/BL mice were imported 
from Harlan, USA and had been maintained in the clean 
conventional animal facility until use. Animals were 
divided into two groups, one, control animals given 
normal drinking water, the other given water containing 
green tea PP (Sunphenonl), Taiyokagaku, Yokkaichi, 
Japan), both pasteurized by g-ray irradiation. Animals 
started to receive treatments at the age of 13 months. 
Sunphenon is made from green tea water extract which 
contained different PPs (>70%). 
The average life span (days) of green tea PP fed mice 
was significantly longer days than that of control ani- 
mals (801.1+121.5, control vs. 852.7-*88.2 PP, each 
n=50, P<0.01, t test). At three continuous months 
(24-26 months), numbers of surviving animals were 
significantly greater than corresponding values of con- 
trol animals (P<0.01, chi-square test). On the other 
hand, the 10% longest survival of animals was not 
significantly different between the two groups (P>0.05). 
Average body weights were almost identical for the first 
10 months of treatment and then tended to be slightly 
higher in the following several months in PP fed ani- 
mals; however, a statistically significant difference was 
observed only at the months of 24 (P<0.05). At 32 
months, the average body weight was lower in PP fed 
mice (P<0.05). Except for these minor differences, 
body weights were almost identical for both groups at 
corresponding months of age. 
Green tea PPs have been shown to be potent antioxi- 
dants and to be effective in preventing a number of 

experimentally induced pathologies including athero- 
sclerosis, cancer, etc. Further, a recent epidemiologi- 
cal study also suggested a beneficial effect of drinking 
green tea in lowering the incidence of malignant neo- 
plasms. The results of the present study have shown for 
the first time that green tea PPs can prolong the average 
life span of animals. Since aging mice do not develop 
many of the age-associated pathologies observed in 
humans and yet PPs are effective in increasing the life 
span of these animals, a similar (or even a greater) effect 
of prolonging the health span of humans is expected to 
be present for green tea PP. Ref. 1) Sakanaka Set al., 
Agric Biol Chem 53:2307-2311 

25. 
IMPROVING THE SURVIVAL AND FUNCTION OF 
GRAFTED DOPAMINE NEURONS: THE EFFECT OF 
DIETARY SUPPLEMENTATION WITH BLUEBERRY 
EXTRACTS. 
SO McGuirel(P!. MJ Hejna 1, B Shukitt-Hale 2, JA Jo- 
seph 2. CE SortwelP. TJ Collier ~. 1Department of Pa- 
thology, Loyola University Chicago, Maywood, IL60153; 
2USDA HNRCA, Tufts University, Boston, MA; 3Depart- 
ment of Neurological Sciences, Rush Presbyterian St. 
Luke's Medical Center, Chicago, IL 60612. 
Transplantation of embryonic dopamine (DA) neurons 
into the striatum is a viable treatment for Parkinson's 
disease (PD). However, transplanted cells survive poorly, 
with ~90% of transplanted cells dying within the first four 
days after transplant. Cell death is exacerbated by 
-75% in aged animals, resulting in transplants that 
provide little to no therapeutic benefit. Although the 
exact mechanism underlying cell death is not known, 
oxidative stress and inflammation are hypothesized as 
major contributing factors. Multiple studies have at- 
tempted to improve cell survival by pre-treating the cell 
transplant material with various anti-apoptotic or antioxi- 
dant compounds. This study provides evidence that 
dietary supplementation with blueberry extract (BBE), a 
fruit extract with antioxidant and anti-inflammatory prop- 
erties, provides an efficacious, easily administered and 
well tolerated therapy that can be used to treat the 
transplant recipient, thus improving survival of the trans- 
planted cells. Young adult (4 months, n=10) and aged 
rats (24 months, n=3) were unilaterally lesioned with 6- 
OHDA to deplete striatal DA and allowed to recover from 
surgery for 2 months. Animals with stable, amphet- 
amine-induced rotational values, indicating unilateral 
st riatal DA depletion, were assigned to one of two dietary 
treatments that consisted of custom formulated rat chow 
with or without 2% BBE. After six weeks of dietary 
treatment, sub-optimal numbers of primary embryonic 
(gestational day 14) ventral mesencephalic cells, includ- 
ing the developing midbrain DA neurons, were trans- 
planted into the denervated striatum. Rats were as- 
sessed for amphetamine-induced rotational behavior at 
two week intervals for 8 weeks post-transplantation. 
Young, BBE-fed rats exhibited fewer rotations per minute 
than did control-fed rats (P<0.05), indicating the pres- 
ence of a functional graft. However, no behavioral 
benefit was noted in either group of aged rats. Morpho- 
logical analysis revealed a greater than two-fold in- 
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crease in DA neuron survival within the grafts in both 
young and aged BBE-fed rats (P<0.05) as assessed by 
tyrosine hydroxylase immunoreactivity (THir). BBE-fed 
animals also tended to have increased transplant areas 
(P=0.1) with individual graft-derived neurons exhibiting 
increased THir (P=0.1). These data provide evidence 
that dietary supplementation of the host with BBE can 
provide an easily tolerated, non-invasive treatment for 
the graft recipient that has beneficial effects on neural 
graft survival and function. Supported by NS 42125 
(TJC) 

26. 
EFFECT OF DIETARY IRON ON MOTOR BEHAVIOR 
AND NEURONAL DEATH IN AN EXPERIMENTAL 
MODEL OF PARKINSONISM. 
C.W. Levenson(P), W. Duan, R.G. Cutler, M.P. Mattson 
Laboratory of Neurosciences, National Institutes on 
Aging, Gerontology Research Center, 5600 Nathan 
Shock Drive, Baltimore, MD 21224. 
Because of the role of iron in oxidative processes, it has 
been speculated that high dietary iron may make neu- 
rons more vulnerable to damage and exacerbate 
neurodegenerative disorders associated with aging. 
This hypothesis is supported by the fact that high iron 
levels have been implicated in the development of 
Parkinson's disease (PD). Thus, this work was de- 
signed to test the impact of three levels of dietary iron 
on motor behavior and the development of an experi- 
mental model of PD. Two-month-old male C57BL/6 
mice were fed diets containing low (4 ppm), normal (48 
ppm) or high (400 ppm) iron for 6 weeks prior to the 
administration of MPTP, a mitochondrial toxin that 
causes the death of nigro-striatal dopaminergic neu- 
rons and induces PD-like symptoms. As expected, in 
mice fed the normal iron diet, MPTP impaired motor 
behavior as determined by the rotarod test (p<0.05). 
The low iron diet appeared to provide protection against 
the effects of MPTP on motor behavior, as the number 
of falls was not different from controls. Six weeks of iron 
supplementation significantly impaired motor behavior 
(p<0.001), and the combination of high dietary iron and 
M PTP treatment proved to be lethal. To understand the 
mechanisms that may be responsible for iron-induced 
neuronal death, primary cultures of rat hippocampal 
neurons were treated with increasing levels of iron. Iron 
treatment resulted in a dose-dependent decrease in 
neuronal survival that had the morphological character- 
istics of apoptosis, and was accompanied by increases 
in the generation of mitochondrial reactive oxygen 
species (ROS), and expression of the chaperone pro- 
tein Hsp 70 and the pro-apoptotic tumor suppressor 
protein p53. Furthermore, cholesterol loading of cells 
prior to iron treatment significantly increased ROS 
production and decreased cell survival suggesting that 
iron, cholesterol, and its oxidative products may act 
synergistically to impair neuronal survival. In conclu- 
sion, these data suggest that dietary iron may play a 
role in the vulnerability of neurons to insults associated 
with PD and other neurodegenerative disorders. 

27. 
DIETARY RESTRICTION NORMALIZES GLUCOSE 
METABOLISM AND BRAIN DERIVED NEU- 
ROTROPHIC FACTOR LEVELS, SLOWS DISEASE 
PROGRESSION AND INCREASES SURVIVAL IN 
HUNTINGTIN MUTANT MICE. 
W. Duan (P), Z Guo. H Jiana. X. M Ware. J Li. M.P. 
Mattson Laboratory of Neurosciences, National Insti- 
tute on Aging, 5600 Nathan Shock Drive, Baltimore, 
MD 21224 
Huntington's disease (HD) is a progressive 
neurodegenerative disorder characterized by uncon- 
trolled body movements, psychiatric disturbances, and 
dementia resulting from degeneration of neurons in the 
striatum and cerebral cortex - it is caused by 
polyglutamine repeat expansions in the huntingtin pro- 
tein. In addition to neurological deficits, HD patients 
exhibit abnormalities in glucose metabolism sugges- 
tive of a hypermetabolic state. We now report thatthe 
progression of neuropathological (formation of huntingtin 
inclusions and apoptotic protease activation), behav- 
ioral and metabolic (glucose intolerance) abnormalities 
in huntingtin mutant mice, an animal model of HD, are 
retarded when the mice are fasted every other day 
resulting in an extension of lifespan. Dietary restriction 
increases levels of brain-derived neurotrophic factor 
(BDNF) and the protein chaperone HSP-70, which are 
depleted in HD mice fed a normal diet. These findings 
establish links between food intake, brain BDNF levels 
and glucose metabolism in a mouse model of HD, and 
suggest that mutant huntingtin promotes neuronal de- 
generation by impairing cellular stress resistance. 

28. 
THE 2002 BLUEBERRY HEALTH STUDY: DAILY 
BLUEBERRIES IMPROVE DECISION-SPEED AND 
AGE-RELATED HEALTH INDICATORS 
R. Martin 1 ~PI. R.C. Coppings 2, K.E. Gerstmann 3, J.A. 
Joseoh 4 A.C. Kokesh s, B. KristaP, D. Mathew 7, B. 
Sachs, HR Herbs e, A. PruchnickP, R. SchnolP ~ A. 
Wetherell" 
1M MT Corp., Sherman, CT 06784, 2Lane College, Jack- 
son, TN 38301, 3NY, NY 10014, 4Human Nutrition 
Research Center on Aging at Tufts University, Boston, 
MA 02111, sCharleston, WV 25301, 8Weill Medical 
College-Cornell University Medical Center, NY, NY 
10021 and Burke Medical Research Institute, White 
Plains, NY 10605, 7New Fairfield, CT 06812, sSherman, 
CT 06784, 9Mount Sinai Medical Center, NY, NY 10029, 
~~ College, Brooklyn, NY 11210, "Defence 
Science & Technology Laboratory, UK 
Joseph and collaborators reported in 1999 that blue- 
berry diet supplementation significantly reduced cogni- 
tive decline in older laboratory rats. Our research group 
observed decision-speed improvement during a pilot 
study with thirteen multiple sclerosis patients (2001). 
The 2002 Blueberry Health Study was then conducted 
to determine if blueberries provide health benefits to a 
larger number of adults, aged 60 and over. 
The 2002 study was a sixteen-week randomized, 
multicenter, crossover trial involving 100 participants 
and positive and placebo controls. The protocol in- 
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cluded four 4-week steps: baseline measurement, treat- 
ment period 1, treatment period 2, and post-treatment 
follow-up. 
To begin the study, Connecticut residents were invited 
to public meetings at the New Fairfield and Mansfield 
Senior Centers, and to the study web site at 
BlueberryStudy.com. Recruitment ended approximately 
30 days after newspaper, radio and television an- 
nouncements were made. 
Participants were randomly assigned to receive indi- 
vidually quick frozen wild Maine blueberries (1 cup/day 
or 10 Ibs/month), rice powder (500 mg/day), coenzyme 
QIO (30-mg/day) or an antioxidant mixture containing 
mixed tocopherols (500 IU total/day) plus lipoic acid (25 
rag/day). To equalize blueberry and control group ex- 
pectations, participants were sent email messages 
citing evidence of health benefits from vitamin E, lipoic 
acid and our other control supplements. Participants 
conducted weekly measurements of single-choice de- 
cision speed, provided estimates of their aches and 
pains, energy-level, mood, sharpness, peacefulness, 
sleep quality, and overall health, and made three sepa- 
rate decision-speed predictions each week to allow 
expectations and motivation to be measured. Errors 
and decision speed were recorded before and also 
after predictions during each measurement session, to 
provide additional measures of participant expecta- 
tions and motivation. 
Ninety seven participants completed the protocol. 
Among those receiving wild blueberries, significant 
improvement occurred in decision speed (t-test p = 
0.025) and self-reported aches and pains (p = 0.017), 
energy level (p = 0.002), sharpness (p = 0.001), sleep 
quality (p = 0.017), mood (p = 0.010), peacefulness (p 
= 0.005) and overall health (p = 0.001). Blueberry group 
response times improved by 4.2%, decreasing from 
39.96 to 38.27 centiseconds, more than twice the 
improvement in the control group. Actual decision 
speeds were not displayed during the study so speed 
improvement could not influence self-reported health. 
Adjustments to balance decision speed predictions, 
error rates and within-measurement decision-speed 
improvement (our measures of expectation and moti- 
vation) in blueberry and control groups did not signifi- 
cantly change these results. Two blueberry recipients 
reported hearing improvement that was confirmed by 
an independent observer, and three reported their 
prostate serum antigen level declined. Significant 
changes were not observed in any control group. 
Results of this study indicate that blueberries con- 
sumed regularly for four weeks can improve a number 
of health indicators related to aging, including decision 
speed, aches and pains, and energy level. 
We greatly appreciate assistance provided by Bill Holme, 
Phil Fichandler, Kathy Hull, Marilyn Gerling and many 
others at the New Fairfield and Mansfield Senior Cen- 
ters. 
Citations: Joseph et al. (1999) J Neurosci. Sep 15;19(18): 
8114-21. Pappas et al. (2001) 30th Ann. Mtg. Amer. 
Aging Assoc., Abstr. 106. 

29. (N) 
CALORIC RESTRICTION INCREASES BRAIN-DE- 
RIVED NEUROTROPHIC FACTOR LEVELS IN AREA 
CA1 OF THE RAT HIPPOCAMPUS. 
I. G. Newton (PI. M.:E. Forbes. D. R. Riddle, J, K. 
Brunso-Beqhtold Department of Neurobiology and 
Anatomy, Wake Forest University School of Medicine, 
Medical Center Boulevard, Winston-Salem, NC 27157 
Caloric restriction (CR) extends lifespan and retards 
age-related diseases and degenerative processes in the 
body and the brain. Moreover, CR prevents the decline 
in behavioral measures of hippocampus-dependent 
learning and memory after middle age in Fischer 344 x 
Brown-Norway (F344xBN) rats (Markowska et al, 2002). 
CR may protect learning and memory by modulating 
neurotrophic activity. Brain-derived neurotrophic factor 
(BDNF) is a candidate to mediate age- and CR-depen- 
dent effects on learning and memory, since it influences 
potential substrates of hippocampal function, including 
synapse density, synaptic efficacy and long-term poten- 
tiation. The literature is inconclusive regarding the ef- 
fects of age or CR on BDNF levels in the hippocampus, 
in part because previous measurements have lacked 
the resolution to detect changes within hippocampal 
subfields, which exhibit very different levels of BDNF 
immunoreactivity. One might speculate that the age- 
related decline in learning and memory reflects a de- 
crease in BDNF levels and that CR preserves hippocam- 
pal function by increasing BDNF levels as compared to 
age-matched AL controls. We measured BDNF in the 
hippocampal subregions dentate gyrus (DG), area CA3 
and area CA1 of male F344xBN rats at ages 10, 18 and 
29 months using an electrochemiluminescence immu- 
noassay (ECLIA) (N=5 rats/condition). Surprisingly, 
BDNF levels were found to increase with age in DG of 
both AL and CR rats. No age-related change in BDNF 
levels was detected in CA3 or CAlo In area CA1 of old 
rats, BDNFlevelsweregreaterinCRversusALrats. CR 
rats exhibited a trend of higher BDN F levels in all regions 
and at all ages as compared to AL rats. In conclusion, 
the observed increase in DG BDNF levels across ages, 
independent of diet, may constitute a compensatory 
response to age-related degenerative processes in this 
area. Furthermore, CR may preserve hippocampal 
function after middle age in the F344xBN rat by increas- 
ing CA1 BDNF levels in old age. NIA AGl1370& 
AG019886 

30. 
AVIAN MODELS FOR EVALUATING THE EFFECTS 
OF CALORIE RESTRICTION. 
M.A. Ottinger (P), and M.A. Abdelnabi Department of 
Animal and Avian Sciences, University of Maryland, 
College Park, MD 20742 
Calorie restriction has been used routinely in domestic 
species as a means of enhancing lifetime productivity 
and health. The use of calorie restriction has become 
increasingly critical in domestic breeds of poultry as the 
birds have been selected for rapid growth. If unchecked, 
the rapidly growing strains of poultry develop a number 
of clinical problems, including poor reproduction, joint 
inflammation, and other obesity related conditions. In 
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birds destined to become breeders, calorie restriction is 
routinely initiated in the first few weeks of life, often in an 
alternate day or skip-a-day feeding regimen. When the 
birds are photostimulated to induce reproduction, then 
they are fed on a daily calode restricted paradigm. We 
conducted studies on heavy poultry breeders as well as 
on Japanese quail to ascertain level of calorie restriction 
that benefits long term reproduction and minimizes 
health problem and stress. Results showed that moder- 
ate levels (15-25%) of calorie restriction delayed sexual 
maturation, whereas more stringent restriction (35+%) 
resulted in a lack of sexual maturation, especially in 
males. Although delayed in the initiation of reproduc- 
tion, moderately calorie restricted birds showed long 
term benefits in reproduction, with production of more 
chicks and longer reproductive function. These differ- 
ences between groups was reflected in plasma steroid 
hormone levels. Studies in Japanese quail showed 
similar responses, with the more severe calorie restric- 
tion being associated with elevated corticosterone lev- 
els, suggesting activation of a stress response. These 
studies provide evidence for similar benefits of moder- 
ate calorie restriction across phyla. 

31. 
SKIN ANTI-AGING AND ANTI-CARCINOGENIC EF- 
FECTS OF LUTEIN, AND POLYPODIUM 
LEUCOTOMOS. 
N. Philips, (P) Biology and Chemistry/Biochemistry, 
Georgian Court College, 900 Lakewood Avenue, Lake- 
wood, NJ 08701 
Lutein, a carotenOid, and Polypodium leucotomos, a 
fern extract, are potent antioxidants and anticarcinogenic 
agents. The extracellular matrix (ECM) maintains the 
structural integrity of the skin. Skin aging is associated 
with the degradation of the ECM by the 
matrixmetaUoproteinases (MMPs), and reduced cellular 
response to signals. MMPs are also involved in the 
metastasis of cancer cells. Identification of agents that 
inhibit MMPs can be beneficial in the inhibition of skin 
aging and cancer. 
The purpose of this research is to investigate the dose 
dependent effects of lutein and Polypodium leucotomos 
on the proliferation and expression of MMP-1 (degrades 
structural collagen) and MMP-2 (degrades the base- 
ment membrane) in normal dermal fibroblasts (early and 
late passage) and melanoma cells. In-vitro cell passage 
is thought to mimic in-vivo aging. 
Fibroblasts and melanoma cells were exposed to 0, 
0. luM, 0.3uM, luM, 3uM, and 10uM lutein for 24 hours, 
and examined for cell proliferation, MMP-1 and MMP-2 
protein levels, and MMP-1 promoter activity. Lutein did 
not significantly alter the proliferation of normal skin 
fibroblasts or melanoma cells. It inhibited MMP-1, and 
MMP-2 protein levels, dose responsively, from 0.3uM to 
10uM in fibroblast and at 0.1uM to luM in melanoma 
cells. Lutein (0.1uM to 10uM) inhibited MMP-1 promoter 
activity in normal fibroblasts. 
Early and late passage fibroblasts, and melanoma cells 
were treated with 0, 0.01%, 0.03%, 0.1%, 0.3% and 1% 
Polypodium leucotomos for 24 hours, and analyzed for 
cell proliferation and protein levels of MMP-1 and MMP- 

2. In early passage fibroblasts, Polypodium leucotomos 
from the lowest to the highest concentrations (0.01% to 
1%) inhibited the proliferation and expression of MMP- 
1 and MMP-2, dose responsively. In late passage fibro- 
blasts, higher concentrations of Polypodium leucotomos 
(0.1 to 1%) were required to mediate the inhibition of 
proliferation and MMPs, in comparison with the early 
passage cells. Polypodium leucotomos was also effec- 
tive in inhibiting the proliferation and MMP expression in 
melanoma cells. 
Lutein, and Polypodium leucotomos are effective skin 
anti-aging agents. Lutein inhibits the M M Ps. Polypodium 
leucotomos inhibits the proliferation and expression of 
MMPs in early and late passage fibroblasts. However, 
the late passage fibroblasts are less responsive and 
require higher concentrations (0.1%-1%) of Polypodium 
leucotomos for effects, in comparison with the early 
passage fibroblasts (0.01%-1%). Lutein, and Polypodium 
leucotomos are effective anticarcinogenic agents, for 
the prevention/treatment of melanoma. Lutein at lower 
doses (0.1uM-luM) inhibits MMPs, and thereby 
metastastic potential. Polypodium leucotomos inhibits 
proliferation and the expression of MMPs in melanoma 
cells. 
Acknowledgements: Dr. Salvador Gonzalez, Massa- 
chusetts General Hospital, Boston, MA; and Georgian 
Court College Students (S. Covert, D. David, A. Ekhelar, 
D. Gocek, C. Hendrix, C. Inzano, L. Ord, B. Surgent, and 
P. Wines) 

32. 
AGE-RELATED CHANGES IN METABOLIC PARAM- 
ETERS OF NON-HUMAN PRIMATES. 
X.T. "l'iqno (P), I.K. Selaru, G. Gerzanich and C.C. 
Hansen Obesity and Diabetes Research Center, De- 
partment of Physiology, School of Medicine, University 
of Maryland at Baltimore, 10 South Pine St., Baltimore, 
MD 21201 
Type 2 diabetes is closely associated with aging, making 
it difficult to distinguish which of the symptoms attributed 
to type 2 diabetes are actually manifestations of the 
aging process. A colony of rhesus monkeys with ages 
ranging from 2 to 32 years, some of whom spontane- 
ously develop obesity and diabetes, was followed up for 
a period of 10 or more years. Routine clinical chemistry 
and hematology, intravenous and oral glucose tolerance 
testing, and the euglycemic, hyperinsulinemic clamp 
procedure, were performed periodically to assess meta- 
bolic status. Comparing values obtained by averaging 
over two-year intervals, no age- related changes in 
Fasting Plasma Glucose (FPG) and 2-hours post-OGl-I- 
glucose could be demonstrated among non-diabetic 
(N) monkeys. On the other hand, mean values of FPG 
as well as 2-hours post OGTT -glucose were already 
significantly elevated over the normal group by age 14 
for monkeys who eventually developed diabetes (DM). 
An age- related decline in Fasting Plasma Insulin levels, 
the acute insulin response (AIR), the two-hour post- 
OGTT- insulin levels, and the glucose disappearance 
rate post- IVGT-I" (Kg) was evident in both the N and DM 
groups. Insulin sensitivity (M -rate), however, did not 
appear to change. Circulating triglyceride levels did not 
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change significantly with age in the non-diabetic group, 
but was significantly higher among the diabetics from 
age 14. Similarly, no age- related elevation in total 
cholesterol, LDL- cholesterol, VLDL-cholesterol, and 
VLDL- Triglyceride levels could be detected among the 
non-diabetics; however, HDL-cholesterol levels ap- 
peared to be higher among the younger subjects (age < 
10 years) than among the elderly. Longitudinal assess- 
ment of the clinical status of this colony of non-human 
primates makes it possible to differentiate which changes 
in the physiologic variables may be attributable to dis- 
eases of aging, including the metabolic syndrome, and 
which are normal correlates of the aging process. 

33. 
REGULATION OF REDOX PARAMETERS AND 
APOPTOSIS IN CALORICALLY RESTRICTED RO- 
DENTS. 
A. Aronis (P), O. Tirosh, R. Miskin Institute of Biochem- 
istry, Food Science and Nutrition, Hebrew University of 
Jerusalem, Rehovot 76100, Israel 
Caloric restriction (CR) can extend the life span of 
multiple species and is the only intervention known to 
attenuate aging in mammals. Mechanisms mediating 
the CR influence are as yet unknown. There is strong 
evidence that some of these mechanisms are associ- 
ated with mitochondrial functions. The purpose of our 
study was to search parameters of apoptosis and redox 
in caloric restriction. We used two models: 1) alpha- 
MU PA transgenic mice previously reported to spontane- 
ously eat less and live longer compared to their wild type 
(WT) control. We used this model to search apoptotic 
aspects in young mice (5-7 months old). To prove the 
similarity of this model to caloric restriction we measured 
some parameters in calorically restricted WT mice. 2) 
Old calorically restricted (CR) Sprague-Dawley rats 
compared to ad libitum old and young rats. The CR rats 
were restricted at the age of 10 months for 60% of their 
average food consumption (40% caloric restriction); the 
restriction continued for 1 year. Here we report that 
compared to their ad-libitum fed WT, young alpha- 
MUPA mice and short-term (8 weeks) caloric restricted 
WT mice showed increased susceptibility to calcium- 
induced high amplitude swelling of isolated liver mito- 
chondria and increased cytochrome c release, as well as 
enhanced caspase-3 activity of fresh liver homogenates 
and increased DNA fragmentation in hepatocytes. In 
addition, alpha-MUPA mice showed significantly de- 
creased rate of spontaneously occurring tumors at the 
old age, and significantly reduced level of plasma IGF- 
1. Old calorically restricted rats showed a lower level of 
lipid peroxidation and a higher rate of mitochondrial 
reactive oxygen species (ROS) production compared to 
their ad libitum control. Long-term caloric restriction in 
old rats approximated these parameters to young rats. 
These results provide an indication that CR can moder- 
ately enhance mitochondria-dependent apoptotic ca- 
pacity and improve redox parameters. Collectively, the 
results are consistent with the possibility that a combina- 
tion of long lasting, moderately extended apoptosis, 
decreased oxidative damage (lipid peroxidation) and 
normalized ROS production that is important for cell 

signaling could play a role in the CR-induced anti-aging 
influence. 

34. (N) 
THE EFFECTS OF TWO YEARS ESTROGEN LOSS 
AND REPLACEMENT ON CHOLINERGIC NEURONS 
AND CORTICAL CHOLINERGIC FIBERS IN MON- 
KEYS. 
Tinkler, GP (p) l  Tobin. JR2and Voytko, ML1.3 
1Interdisciplinary Neuroscience Program, 2Department 
of Anesthesiology, and 3Department of Neurobiology 
and Anatomy, Wake Forest University School of Medi- 
cine Winston-Salem NC 27157 
Women can expect to spend one-third of their lives 
postmenopause, yetthe neurobiological consequences 
of chronic estrogen loss and replacement are poorly 
understood. Additionally, only a handful of studies 
investigating this issue have been conducted in hu- 
mans or non-human primates. The basal forebrein 
cholinergic system (BFCS) contains estrogen recep- 
tors and is sensitive to changes in estrogen state in 
rodents. We have found that normal performance on a 
visuospatial attention task is dependent upon the BFCS 
or estrogen. The current study investigated the effects 
of two years estrogen loss and replacement on neurons 
in the nucleus basalis and their cortical cholinergic 
projections in surgically menopausal adult monkeys. 
Using stereological methods we analyzed the number 
and volume of the cholinergic neurons of the nucleus 
basaUs, and also analyzed cholinergic fiber length and 
density in cortical regions that are part of a frontopari- 
etal visuospatial attention network, in intact monkeys 
(n=6) and ovariectomized monkeys treated with pla- 
cebo (n=6) or estrogen (n=6) for two years. We did not 
find changes in the number or size of nucleus basalis 
cholinergic neurons, or of cholinergic fiber length or 
density in parietal cortex (area 7a) or ventrolateral 
principal sulcus (area 46v), following 2 years of estro- 
gen loss or replacement. In contrast, we did find a 
layer-specific decrease in cholinergic fiber length and 
density in the dorsal bank of the principal sulcus (area 
46d) following two years of estrogen loss. Daily oral 
treatment with estrogen prevented this decrease. The 
results suggest that long-term estrogen loss may have 
subtle but significant neurobiological consequences in 
the primate cholinergic system that may be prevented 
with long-term estrogen replacement. 
Supported by: N IA A G 13204 and a grant from the Wake 
Forest University School of Medicine Women's Health, 
Center of Excellence. 

35. 
MUTANT MAMMALS WITH NORMAL LIFESPAN: 
AN UNDERAPPRECIATED RESOURSE. 
A.D.N.J. de Grey (P) Department of Genetics, Univer- 
sity of Cambridge, Downing Street, Cambridge CB2 
3EH, UK 
Biogerontology proceeds largely by designing interven- 
tions to alter the life expectancy, or sometimes the 
maximum lifespan, of an experimental population. Inter- 
ventions designed to extend an organism's lifespan are 
often claimed to be far more informative than ones 
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designed to shorten it, because shortening lifespan can 
be done in innumerable ways that do not necessarily 
have anything to do with what limited the controls' 
lifespan, whereas to extend lifespan one must modulate 
all the organism's life-limiting processes. I suggest that 
this overlooks a critical point. Our goal is to test hypoth- 
eses concerning which mechanisms do and do not 
greatly influence lifespan. An intervention that extends 
lifespan does not generally do this, because putative 
markers of lifespan-limiting processes (PMLPs) that are 
postponed may be causal in determining lifespan or may 
be mere bystanders, while ones that are not postponed 
may be unimportant for lifespan or may be important but 
better tolerated because of the intervention. Moreover, 
interventions designed to extend lifespan but which fail 
to do so also tell us nothing, because PMLPs that they 
postpone are not shown to be irrelevant (only to be not 
the only ones that are relevant), while ones that are not 
postponed are again neither supported nor challenged 
(they could either matter or not for lifespan). When the 
intervention is designed to shorten lifespan, on the other 
hand, information can be gained that truly falsifies hy- 
potheses. True, when lifespan is indeed shortened we 
learn little, since the organism may have been killed by 
something irrelevant to controls: thus, no PMLPs are 
falsified. But if lifespan is unaffected by the intervention, 
the situation is totally different: any PMLP that is accel- 
erated is unambiguously eliminated as being relevant to 
the determination of lifespan in that organism. I will 
discuss the many mammalian examples of this "failed 
shortening of iifespan" that are now available and a 
number of tests of prominent hypotheses that they make 
possible. 

36. 
PUTATIVE "AGE BENEFICIAL" EFFECTS OF OMEGA 
OILS. 
Lloyd A. Horrocks (P) and Akhlaq A. Farooqui. Dept. of 
Molecular & Cellular Biochem., 1645 Nell Ave., The 
Ohio State Univ., Columbus, OH 43210-1218. 
Most polyunsaturated fatty acids (PUFA) are either n- 
6 (omega-6) or n-3 (omega-3). The n-6 PUFA include 
arachidonic acid, 20:4 n-6, the precursor of the most 
common prostaglandins and leukotrienes, the 
eicosanoids. These have essential functions, but are 
also involved in inflammation and promote cell divi- 
sion. The dietary precursor of 20:4 n-6 is linoleic acid, 
18:2 n-6. The n-3 PUFA include the dietary precursor, 
alpha-linolenic acid, 18:3 n-3, EPA, 20:5 n-3, and DHA, 
22:6 n-3. About one-twentieth of the dietary 18:3 n-3 is 
converted to DHA. This conversion requires peroxiso- 
mal enzymes. EPA and DHA are also obtained from 
fish and eggs. EPA is anti-inflammatory because it 
competes with 20:4 n-6 as a substrate for the formation 
of a prostaglandin. The prostaglandin from EPA is not 
inflammatory. 
DHA promotes cell differentiation and stimulates the 
synthesis of the peroxisomal enzymes necessary for 
plasmalogen synthesis. Plasmalogens are involved in 
signaling mechanisms in the brain. DHA turns over 
rapidly in the brain, but most is then recycled back into 
phospholipids. DHA is very concentrated in the retina 

where it is involved in the transduction of light to 
electrical signals. DHA is also enriched in the nerve- 
endings where it is mostly in the ethanolamine 
plasmalogens. Adrenoleukodystrophy (ALD) is a ge- 
netic disease of peroxisomes in which DHA, and thus 
plasmalogens, are not formed. The infants develop 
mental retardation because myelin, which requires 
plasmalogen, is not formed. ALD can be treated with 
DHA. 
The first lipid changes in Alzheimer disease (AD) are 
decreased levels of DHA and ethanolamine 
plasmalogens. The breakdown of ethanolamine 
plasmalogens may enable the abnormal cleavage by 
gamma-secretase to produce Abeta. The lack of 
plasmalogens also leads to the loss of nerve-endings. 
Some success has been had with AD treatment with 
DHA supplements. 

37. 
HEALTH BENEFIT OF MONOUNSATURATED FATS: 
FOOD-BASED RESEARCH ON MUFAs. 
Penny Kris-Etherton. (P~, Department of Nutritional Sci- 
ences, The Pennsylvania State University, University 
Park, PA. 
Significant progress has been made to reduce the 
incidence of cardiovascular disease (CVD) in the U.S. 
However, CVD remains the leading cause of death, 
accounting for more deaths than the other leading 
causes of death collectively. Thus, there is still a 
pressing need to develop effective intervention strate- 
gies to further reduce CVD morbidity and mortality 
markedly. Diet remains a cornerstone in prevention 
and treatment efforts. It is without question that lower- 
ing dietary saturated fatty acids (SFA), trans fatty acids 
and cholesterol are essential to lower LDL cholesterol 
levels, a major CVD risk factor. There is a growing 
literature that indicates that monounsaturated fatty 
acids (MUFA) have beneficial effects (when substituted 
for SFA) on other CVD risk factors beyond lowering 
LDL cholesterol levels. Compared with a low fat diet, a 
moderate fat diet low in SFA and high in MUFA de- 
creases triglyceride (TG) levels and attenuates the 
HDL cholesterol, and in particular, the HDL (2) de- 
crease. A blood cholesterol-lowering diet high in MUFA 
favorably affects hemostatic factors, including fibrino- 
gen and coagulation factors Vllc, XIIc, Xlla, and Xc. 
There is evidence that MUFA diets also significantly 
improve insulin sensitivity compared with a high SFA 
diet, providing that total fat does not exceed 37-38% of 
calories. A limited body of evidence indicates that 
MUFA reduces blood pressure. There also is emerging 
evidence that following a MUFA diet lowers chylomi- 
cron remnant particle response to a high fat meal. 
Finally, there is exciting evidence that a calode re- 
stricted, moderate fat diet high in MUFA favorably 
affects weight loss and maintenance of reduced body 
weight compared with a low fat diet. Despite the 
numerous beneficial effects of MUFA on multiple risk 
factors for CVD, there is some evidence of potentially 
adverse effects. In monkeys fed a high MUFA athero- 
genic diet for five years, coronary artery atherosclero- 
sis was comparable to that of monkeys fed an athero- 
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genic diet high SFA; atherosclerosis was minimal in 
animals fed a similar diet high in polyunsaturated fatty 
acids. In addition, in human studies a high MUFA fat 
load decreases flow mediated dilation (FMD) in the 
brachial artery. However, this response is markedly 
attenuated when antioxidants are included in the fat 
load. In summary, a diet that emphasizes MUFA has 
many attributes that could reduce CVD mortality espe- 
cially within the context of a diet that has other 
cardioprotective nutrients/components. Because of 
the worrisome monkey data, however, an intervention 
study assessing atherosclerosis in humans is needed 
to conclusively resolve the role of MUFA in a 
cardioprotective diet. Nonetheless, even without these 
data, MUFA can be included in moderation in a heart 
healthy diet that is rich in many cardioprotective nutri- 
ents. This position is consistent with our current think- 
ing that there are many diverse diets that can be 
designed to prevent CVD. 

38. 
FATS: THE GOOD, THE BAD AND THE UGLY. 
E.J. Schaefer (P) Lipid Metabolism Laboratory, Tufts 
University, Boston, MA 
Fats are an integral part of the diet and comprise about 
20-40% of caloric intake in the U.S (mean about 34%). 
Fats are eaten as triglyceride (TG, 3 fatty acids at- 
tached to a glycerol backbone), absorbed as fatty acids 
(FA) after lipolysis, reconstituted as TG, transported as 
chylomicrons, which undergo lipolysis in the capillary 
bed, where FA goes to muscle and fat cells, and the 
chylomicrons become remnant particles which pick up 
cholesterol ester (CE), and then deliver the CE along 
with fat soluble vitamins to the liver. The liver makes TG 
rich particles known as very low density lipoproteins 
(VLDL) which undergo lipolysis to form low density 
lipoproteins (LDL). VLDL is the major TG carrying 
lipoprotein in fasting plasma, while LDL is the major 
cholesterol carrying lipoprotein, and delivers choles- 
terol to tissues. A protein known as apo(a) can attach 
itself to VLDL and LDL to form lipoprotein (a) or Lp(a). 
High density lipoproteins (HDL) serve as acceptors of 
cholesterol from tissues, and can deliver CE to the liver 
or it can be transferred to other lipoproteins via choles- 
terol ester transfer protein. Risk factors for coronary 
heart disease (CHD) include increased age, hyperten- 
sion, smoking, diabetes, elevated LDL C (> 160 mg/dl), 
and decreased HDL C (< 40 mg/dl). Emerging risk 
factors for CHD include elevated Lp(a) (>30 mg/dl), 
remnant cholesterol (>10 mg/dl), C reactive protein (> 
3.0 rag/L) and homocysteine (> 12 micromoles/L) lev- 
els. LDL is the bad cholesterol particles; HDL is the 
good cholesterol particle, TG, remnants, and Lp(a) are 
the ugly particles that also confer increased risk. FA are 
also found on phospholipids and CE, and are critical for 
determining membrane fluidity. Saturated fat (mainly 
palmitic 16:0), has no double bonds, raises LDL, and 
decreases membrane fluidity, monounsaturated fat 
(mainly oleic 18:1n9) has one double bond, and has 
little effect on LDL or membrane fluidity, while the 
polyunsaturated n6 fatty acids (mainly linoleic, 18:2n6) 
have two or more double bonds, lower LDL C, and 

increase membrane fluidity. The polyunsaturated n3 
fatty acids (eaten mainly as alpha linolenic acid 18:3n3 
in vegetable oils or as eicosapentaenoic acid or EPA 
20:5n3 and docosahexaenoic acid or DHA 22:6n3 in 
cold water fish or fish oil) lower TG, decrease CHD risk, 
and increase membrane fluidity. Replacing saturated 
fat with polyunsaturated fat has been shown to reduce 
CHD risk, Fish oil supplementation has been shown to 
decrease CHD death. Low plasma DHA levels, associ- 
ated with low fish intake, in our studies in Framingham 
are associated with an increased risk of Alzheimer's 
disease and all-cause dementia. When polyunsatu- 
rated fats are hydrogenated through long term heating, 
the double bonds can be converted from the cis 
(hydogens on the same side) to the trans (hydrogen on 
opposite sides of the carbon chain) position, and then 
they behave in a deleterious manner by raising LDL C. 
Therefore the good fats are the essential fatty acids and 
their derivatives (linoleic, alpha linolenec, EPA, and 
DHA) in the right balance, the bad fats are the saturated 
fatty acids (especially palmitic, myristic, and lauric 
acids), and the ugly fatty acids are the trans fats (trans 
versions of linoleic and oleic). The top of the USDA food 
pyramid should be changed to read: "Use animal fats, 
trans fats, and sugars sparingly." 

39. 
POLYPHENOL ANTIOXIDANTS IN GREEN TEA AND 
OATS: POTENTIAL ROLES IN ANGIOGENESlS AND 
ATHEROSCLEROSIS. 
Mohsen Meydani (P). LiDing Liu. Shaun Rodriauez. 
Vascular Biology Laboratory, Jean Mayer USDA- Hu- 
man Nutrition Research Center on Aging at Tufts Uni- 
versity, Boston, MA. 
Cancer and cardiovascular diseases (CVD) are the 
major causes of morbidity and mortality among middle 
aged and older people in Western societies. Epidemio- 
logical and experimental evidence indicate that dietary 
habits play important roles in the risk of these diseases. 
Polyphenols with antioxidant capacity have recently 
been recognized for their potential health effects. Green 
tea contains catechins and oats are unique for their 
avenanthramides content; both are polyphenolics with 
powerful antioxidant capacity. Consumption of green 
tea, which is associated with a reduced risk of certain 
forms of cancer, can inhibit carcinogenesis and tumor 
growth and metastasis by suppressing angiogenesis. 
We have recently elucidated the molecular mechanism 
by which epigallocatechin gallate (EGCG), one of the 
green tea catechins, inhibits angiogenesis. EGCG in- 
hibited tyrosine phosphorylation of vascular endothe- 
lial (VE)-cadherin in vascular endothelial cell growt h 
factor (VEGF)-induced tube formation. In addition, 
EGCG inhibited the signaling pathway involving VEG FR, 
PI3-kinase, 13-catenin, and VE-cadherin complex. We 
have recently discovered that oatsl in addition to their 
health benefits for CVD through their soluble fiber 
content, have potential anti-inflammatory and 
antiatherogenic properties due to their avenanthramides 
content. We have found that avenanthramides reduced 
expression of adhesion molecules such as ICAM-1, 
VCAM-1, and E-selectin, inhibited adhesion of mono- 
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cytes to endothelial cells, and reduced expression of 
proinflammatory cytokines such as I L-6, I L-8, and MCP- 
1. Thus, inclusion of green tea and oats in the daily diet 
during a lifespan may reduce the risk of cancer and 
CVD, the two major age-related diseases. Supported 
by NCI grant# 1 R03CA94290-01 and USDA contract# 
58-1950-9-001. 

40. 
CAROTENOID-BASED NUTRITIONAL 
INTERVENTIONS AGAINST AGE-RELATED MACU- 
LAR DEGENERATION: BEYOND AREDSo 
Paul S. Bernstein, MD, PhD (P), Moran Eye Center, 
University of Utah School of Medicine, Salt Lake City, 
Utah 
Current treatments for advanced age-related macular 
degeneration (AMD) have limited effectiveness, and 
the majority of treated patients still end up legally blind 
in the affected eye. Thus there is considerable interest 
in preventative strategies to slow or halt the progres- 
sion of AMD before significant visual loss has occurred. 
The recent AREDS study demonstrated that antioxi- 
dant supplementation with high doses of zinc, vitamin 
E, vitamin C, and beta-carotene can decrease the 
likelihood of AMD progression and visual loss in pa- 
tients with the intermediate stages of AMD. While 
AREDS has had significant impact on the management 
of AMD, it is just the first step since formulations need 
to be optimized and other nutrients need to be exam- 
ined. The most promising of these other nutrients 
include lutein and zeaxanthin, xanthophyll carotenoids 
derived from green, orange, and yellow fruits and 
vegetables that are specifically concentrated in the 
macula of the human eye that may protect against AMD 
by acting as antioxidants and photoprotectants. Clini- 
cal and basic science studies on the protective roles 
and biochemistry of lutein and zeaxanthin in the macula 
will be presented with special emphasis on a novel 
noninvasive method to measure macular pigment lev- 
els developed at the University of Utah using reso- 
nance Raman spectroscopy. 

41. 
AGE-RELATED CHANGES IN MURINE CNS AND 
mRNA GENE EXPRESSION ARE MODULATED BY 
DIETARY MELATONIN. 
Bondv. S. C. (P), Sharman, K. G., Yuan-Wen Ge, Y-W., 
Debomoy K. Lahiri, Sharman, E.H. Department of 
Community and Environmental Medicine, University of 
California, Irvine, CA 92697-1825 
The profile of gene expression is not constant through- 
out the life cycle. Gene array analysis has been used 
to quantitatively estimate the extent to which genes are 
expressed in the cerebral codex of both young (4- 
month) and old (27 month) B6C3F1 male mice. A 
stringent degree of significance was obtained using an 
Affymetrix program and six different comparisons. Out 
of 12423 mRNA levels, only 25 changed significantly 
with age. Nine of these genes coded for inflammatory 
proteins, all of which were elevated in aged, relative to 
younger mice. 

Melatonin (200 ppm) was included in the diet of aged 
animals for 8 weeks. Such supplementation with me- 
latonin is able to elevate levels of melatonin in both 
serum and cortical tissue. This treatment reversed 13 of 
the 25 genes altered with age. Levels of 8 of the 9 
inflammatory genes elevated with age, were reduced 
by melatonin. In no case did melatonin potentiate age- 
related changes in gene expression. 
Concentrations of mRNAs for inflammatory cytokines 
interleukin-6 (IL-6) and TNFa, were not present in the 
microarray in sufficient amounts for quantitation. These 
were therefore assayed by Northern blotting. Both 
mRNA species were greatly elevated with age but lost 
their ability to respond to an exogenous inflammogen, 
lipopolysaccharide (LPS). Dietary melatonin reversed 
this age-related increase in basal levels of IL-6 and 
TNFa mRNAs. Melatonin also restored the ability of 
these mRNAs to be expressed more in the presence of 
LPS. 
The restoration of a more youthful gene profile to brains 
of aged animals by melatonin treatment, to a large 
extent, involves reversal of age-induced elevation of 
basal inflammatory parameters. Supported by NIH 
Grants AG16794 and ES 7992. 

42. 
THE POTENTIAL FOR NEUROPROTECTION 
THROUGH FOLATE SUPPLEMENTATION AND HO- 
MOCYSTEINE-LOWERING IN ALZHEIMER'S DIS- 
EASE. 
Aron Troen (P). D Phil Nutrition and Neurocognitive 
Laboratory, Jean Mayer USDA Human Nutrition Re- 
search Centre on Aging at Tufts University, 711 Wash- 
ington Street, Boston MA 02111-1524 
Alzheimer Disease (AD) is a devastating and debilitat- 
ing neurodegenerative condition, and the most com- 
mon cause of dementia among the elderly. Despite 
considerable advances in the cellular and molecular 
pathology of AD, little progress has been made in 
understanding the primary causes of the disease, and 
it remains incurable. Strong epidemiological evidence 
for an association of AD, stroke and other neurological 
disorders with low blood levels of folate and elevated 
plasma total homocysteine (a risk factor for vascular 
disease and stroke) is of considerable interest in this 
regard. These associations implicate disrupted ho- 
mocysteine metabolism as a factor in age-related cog- 
nitive decline. Several theoretically plausible mecha- 
nisms have been proposed to explain how low folate or 
high blood homocysteine might promote 
neurodegeneration. However, these mechanisms have 
yet to be adequately demonstrated in vivo and it re- 
mains uncertain whether they are causally related to 
cognitive decline. Nevertheless, plasma homocysteine 
can be safely lowered by nutritional intervention using 
vitamin supplements, thus raising the possibility of 
lowering the risk of dementia by specific vitamin therapy. 
Several intervention trials are currently underway to 
determine the efficacy of dietary folate supplements in 
combination with other B-vitamins in slowing cognitive 
decline in Alzheimer's disease and stroke. 
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43. 
ANTIOXIDANT VITAMINS AND CHRONIC DISEASE: 
WHO NEEDS SUPPLEMENTS? 
Balz Frei (P) Linus Pauling Institute, Oregon State 
University, Corvallis, OR 97331, USA 
The antioxidant vitamins E and C, and certain caro- 
tenoids, flavonoids and other phytochemicals may ex- 
ert beneficial effects in age-related diseases such as 
cancer, cardiovascular diseases (CVD), eye diseases 
and other chronic diseases that are caused, in part, by 
oxidative or nitrative stress. This abstract will focus on 
vitamin C as an example of an antioxidant vitamin. 
Vitamin C (ascorbate) has several well-defined biologi- 
cal functions, e.g., it is required for collagen, catechola- 
mine and carnitine biosynthesis. Ascorbate also is a 
potent antioxidant capable of scavenging numerous 
reactive oxygen and nitrogen species, and regenerat- 
ing other small molecule antioxidants. For example, 
ascorbate is the most effective water-soluble antioxi- 
dant in human plasma exposed to different types of 
oxidative stress; it effectively protects low-density lipo- 
proteins from oxidative modification, a process impli- 
cated in atherosclerosis and CVD; and vitamin C supple- 
mentation in humans dose-dependently increases the 
resistance of plasma to ex vivo lipid peroxidation and, 
in some studies, lowered in vivo levels of F2- 
isoprostanes, a biomarker of lipid peroxidation. Vitamin 
C may also lower CVD risk by preventing endothelial 
dysfunction and increasing synthesis of endothelium- 
derived nitric oxide. Over thirty double-blind, placebo- 
controlled clinical studies have shown that vitamin C 
treatment restores normal endothelial function and 
vasodilation in patients with CVD or coronary risk 
factors. Related to these findings, vitamin C treatment 
also lowers blood pressure in moderately hypertensive 
patients. 
In light of these findings and the proven safety of vitamin 
C supplements - other than occasional gastrointestinal 
upset or mild diarrhea- plasma and tissue saturation of 
vitamin C appears desirable, as it would maximize the 
antioxidant benefits derived from the vitamin. Pharma- 
cokinetic data indicate that in young, healthy, non- 
overweight males and females, 200 mg/d of vitamin C is 
sufficient to saturate cells and tissues, and 400 mg/d to 
saturate plasma. These intake levels can be achieved by 
dietary means, especially by eating five to nine servings 
of fruits and vegetables. However, detailed pharmacoki- 
netic data for vitamin C are not available for elderly 
persons, patients suffering from infections or chronic 
diseases such as CVD, diabetes or cancer, obese 
people or smokers. It is known that smokers have a 
higher requirement for vitamin C, as reflected by their 
RDA, which is 35 mg/d higher than for non-smokers. In 
addition, in the above clinical studies of vitamin C and 
endothelial function or hypertension, daily doses of 500 
mg or intravenous infusion of large amounts of vitamin C 
were used, but no detailed dose-response studies were 
performed. Given these uncertainties, and the facts that 
vitamin C supplements are safe and most people do not 
consume the recommended five to nine daily servings of 
fruits and vegetables, vitamin C supplementation, and 
supplementation with a multivitamin/ multimineral in 
general, is recommended. 
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44. 
THE SULFORAPHANES AND PHASE 2 ENZYME 
INDUCTION. 
Paul Talalay (P) Brassica Cancer Chemoprotection 
Laboratory, Department of Pharmacology and Molecu- 
lar Sciences, Johns Hopkins University School of Medi- 
cine, Baltimore, MD 21205 
Multiple lines of evidence link oxidative damage with 
rates of aging and age-related chronic diseases such 
as cancer, but the ability to modulate these processes 
by administration of conventional and naturally occur- 
ring direct antioxidants is not persuasive. The tran- 
scriptional activation of Phase 2 genes (e.g., coding for 
glutathione transferases, NAD(P)H:quinone reductase, 
glucuronosyltransferases, heme oxygenase 1, etc.) 
and those involved in glutathione synthesis are emerg- 
ing as major strategies for protection of cells against the 
damaging effects of both oxidants and electrophiles, 
including neoplastic transformations. The activation of 
Phase 2 genes results in versatile, long-lasting antioxi- 
dant protection. This indirect antioxidant protection is 
catalytic, unlike direct antioxidants which are consumed 
in radical scavenging processes. Fortunately many 
edible plants, some of which are eaten in substantial 
quantities, contain potent phytochemical inducers of 
the Phase 2 response, and can inhibit carcinogenesis 
in animal models. It is tempting to attribute the rather 
special protective qualities of cruciferous vegetables to 
their high content of such inducers. Sulforaphane, an 
isothiocyanate isolated from broccoli and other cruci- 
fers (existing in the intact plant as its glucosinolate 
precursor) is a very potent Phase 2 inducer. The mo- 
lecular mechanism of induction involves covalent inter- 
action of inducers with certain specific cysteine thiols of 
Keapl which is a protein anchored in the cytoplasm to 
the actin cytoskeleton. Keapl is a multidomain protein 
that normally binds powerfully to the transcription factor 
Nrf2, thereby retaining Nrf2 in the cytoplasm. Upon 
modification by inducers, Keapl undergoes conforma- 
tional changes, releases Nrf2 which migrates to the 
nucleus where it binds to the AREs (Antioxidant Re- 
sponse Elements) of Phase 2 genes and (in dimeric 
combination with other factors) activates the transcrip- 
tion of these genes. The resultant elevation of the 
Phase 2 response protects mammalian cells against 
the toxicities of electrophiles and oxidants. Evaluations 
in multiple animal models and high risk populations are 
in progress (Supported by NtH Grants CA 94076, CA 
93780, American Institute for Cancer Research, and 
the Lewis B. and Dorothy Cullman Foundation). 

45. 
"12 WEEKS TO MENTAL AND PHYSICAL 
STRENGTH" - IS IT TIME FOR A CONTROLLED 
EVALUATION OF THE 'BODY FOR LIFE' FITNESS 
PROGRAM? 
R.M. Anson (P~ Windward Islands Research Institute 
& St. George's University, St. George's, Grenada 
In 1997, the owner of a fitness magazine sponsored a 
twelve week physique transformation contest. 54,000 
entrants submitted descriptions of the programs they 
followed, and the entries were compared. A list of 



strategies used by the most successful entrants was 
compiled and used tocreate a fitness program. Anec- 
dotal evidence suggests that this program leads to 
large decreases in fat mass with concomitant increases 
in lean mass in only three months, and a book describ- 
ing the program has been on the New York Times 
bestseller list for four years. This presentation dis- 
cusses several reasons why these claims, which at first 
seem too dramatic to be given credence, should be 
taken seriously. It goes on to suggest several ap- 
proaches that could be taken to evaluate the claims in 
controlled studies. The overall effectiveness of the 
program relative to a more typical fitness program, such 
as one based on the current American College of 
Sports Medicine guidelines, should be evaluated ini- 
tially in a crossover study. If results are positive, the 
possibility that the components of the program interact 
synergistically should be examined. This possibility 
influences the approach that must be taken in study 
design. Rather than adding one variable at a time to a 
sedentary baseline, it will be necessary to begin with 
the combination claimed to provide the highest rate of 
success and remove one variable at a time. This 
presentation concludes with a discussion of the practi- 
cality and utility of such a program in the prevention of 
sarcopenia and frailty. 

46. (N) 
CANINE WORKING MEMORY PERFORMANCE IS 
IMPAIRED BY SCOPOLAMINE IN AN AGE AND 
TASK DEPENDENT MANNER 
J.A. Araujo fP). P.D Taop, C. Studzinski, L. Lin, W. Lau. 
S. Skoggard, A.D.F. Chan, N.W. Milgram 
Department of Pharmacology, University of Toronto, 
Toronto, ON M5S 1A8 Canada 
We have previously found that cholinergic blockade 
using the non-specific muscarinic antagonist scopola- 
mine (15 mcg/kg; SC) causes deficits in visuospatial 
working memory in aged dogs, but spares spatial 
perception and reference memory. The present study 
further investigated the role of the cholinergic system in 
working memory performance by comparing the effects 
of scopolamine on the performance of young and aged 
dogs on working memory tasks of increasing difficulty. 
Seven aged dogs (> 10 years of age) and seven young 
dogs (< 5 years of age) were over-trained on a novel 
three- component delayed-non-matching-to-position 
(DNMP) task, which tests visuospatial working memory. 
Subjects were tested on a variable-delay procedure 
using delays of 5, 55, and 105 s. Scopolamine (15 mcg/ 
kg; SC) impaired performance in aged dogs in a delay- 
independent manner. By contrast, scopolamine did not 
affect the performance of young dogs on this task, 
although the baseline performance levels of the young 
animals did not differ from that of the aged animals. The 
effect of scopolamine on the performance of young 
dogs was also investigated on a delayed-non-match- 
ing-to-sample (DN MS) task, using a fixed delay of 30 s. 
This task provides a measure of object recognition 
memory. Young dogs were impaired after scopolamine 
(15 mcg/kg; SC) compared to control conditions. Lastly, 
four young and six aged animals were tested on a serial 

list learning (SLL) task, which, tests visuospatial work- 
ing memory. Scopolamine (15 mcg/kg; SC) signifi- 
cantly impaired performance on the task independently 
of age. An error analysis indicated that scopolamine 
caused an increase in errors towards the end of the test 
session, which suggests an increase in proactive inter- 
ference. The results on the DNMP task indicate that 
visuospatial working memory in aged dogs is more 
sensitive to cholinergic blockade than in young dogs. 
Furthermore, the finding that young animals are im- 
paired by scopolamine on the DNMS and SLL task 
indicates that sensitivity to cholinergic blockade may 
increase with working memory demand and extends 
our previous findings that working memory perfor- 
mance is particularly sensitive to cholinergic blockade. 
This pattern of task-based sensitivity parallels previous 
findings from our lab that indicate the DNMS and SLL 
tasks are more difficult to acquire than the DNMP. 
Collectively, these findings suggest that cholinergic 
function is diminished in an age-dependent manner in 
dogs and that scopolamine-induced impairments may 
serve as a model for cholinergic dysfunction. The 
absence of delay-dependent scopolamine impairment 
and the possible increase in proactive interference on 
the SLL under the scopolamine condition support the 
hypothesis that impaired cholinergic transmission may 
be linked to deficits in attention and not memory per se. 

47. 
THE PUTATIVE EFFECTS OF BLUEBERRY OR 
STRAWBERRY SUPPLEMENTATION AGAINST IN- 
CREASES IN OXIDATIVE STRESS AND INFLAMMA- 
TION INDUCED BY IRRADIATION 
A.N. Carev (P), B. Shukitt-Hale, B.M. Rabin, R. Galli. D. 
Bielinski, D.G. Jenkins. andJ.A. Joseph. USDA/HNRCA, 
711 Washington Street, Boston, MA 021 t 1 
Research has indicated that exposing young rats to 
irradiation enhances indices of oxidative stress and 
inflammation. Previous research has suggested that 
diets high in antioxidants, particularly those supple- 
mented with 2% blueberry or strawberry extracts, have 
the ability to retard and even reverse age-related defi- 
cits in behavior and signal transduction in rats. There- 
fore it became of interest in the present experiment to 
examine the protection offered by these diets under 
conditions of oxidative stress and inflammation pro- 
duced by insults possibly similar to aging. This study 
evaluated the efficacy of antioxidant diets on the perfor- 
mance of young (2 mo) Sprague Dawley rats on spatial 
learning and memory using the Morris water maze 
(MWM) and on measures of signal transduction includ- 
ing oxotremorine-enhanced K(+)-evoked release of 
dopamine (DA) from striatal slices, and oxidative stress 
and inflammation markers such as the transcription 
factor NF-kappa B, Human Interleukin-1 (beta) [IL-1 
(beta)] and stress-inducible Heat Shock Protein (HSP70) 
one month following irradiation with 1.5 Gy of 1 GeV/n 
56Fe particles. 
Just as we have observed previously in aging, irradiation 
impaired performance in the MWM and measures of DA 
release; these deficits were protected by the antioxidant 
diets. The cognitive measures affected by radiation 
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included longer escape latencies to learn a new platform 
location during reversal training on Day 4 when the 
platform was moved to the opposite quadrant, and 
spatial strategies during the probe trials (60s swim with 
no platform), specifically fewer crossings and longer 
latencies to the previous platform location and de- 
creased percent time in the platform location and plat- 
form quadrant. The strawberry diet offered protection 
against deficits in using spatial strategies in that the 
strawberry-fed animals were better able to retain place 
information (a hippocampally mediated behavior) com- 
pared to controls. The blueberry diet, on the other hand, 
seemed to improve reversal learning, a behavior more 
dependent on intact striatal function. 
These data suggest that 56FE particle irradiation causes 
deficits in behavior and DA release in rats, which were 
ameliorated by an antioxidant diet. We are also exam- 
ining if radiation increased markers of inflammation and 
oxidative stress in the brain, and if the blueberry and 
strawberry antioxidant diets were able to protect against 
these adverse effects. 
Supported by NASA Grant NAG-9-1190 and USDA 
intramural funding 

48. 
DELAY CLASSICAL EYEBLINK CONDITIONING IS 
FACILITATED IN OLD F344 RATS WITH LOCAL- 
IZED CEREBELLAR INFUSION OF SP-CAMP, BUT 
YOUNG RATS ARE IMPAIRED BY INFUSION OF RP- 
CAMP. 
MC. Cartfordl(P~. Paula C. Bickford 1.2 
1. Dept. Neurosurgery, Univ. of South Florida School of 
Medicine, Tampa, FL, USA 2. James A. Haley Veterans 
Hospital, Tampa, FL, USA 
F344 rats show age-related changes in noradrenergic 
modulation of cerebellar Gaba inhibition of Purkinje cell 
firing. We have shown previously (Gould and Bickford, 
1997) that addition of Sp-cAMP, an activator of cAMP 
dependent PKA, restores the ability of isoproteronol (a 
selective beta-noradrenergic receptor agonist) to modu- 
late Gaba inhibiton of cerebellar Purkinje neurons in 
vivo. Here we have used the cerebellar-dependent form 
of eyelid conditioning (EC)to test the hypothesis that a 
deficit in cAMP activation of PKA may account for some 
learning deficits in older animals. Conversely, we have 
tested the hypothesis that blocking activation of PKA 
with Rp-cAMP will cause a deficit in learning in young 
animals. 
Rats were 19 months or 3 months old at the time of 
training. All animals were operated to fix two eyelid EMG 
monitoring wires to a headstage on the cranium. Train- 
ing included a 3kHz 85dB tone CS and 10psi airpuff US, 
with a 400msec isi. Guide cannulae were placed to 
deliver luL infusions into HVI and interpositus nucleus 
each day emediately before training. 
Young animals given Rp-cAMP showed acquisition of 
conditioned responses on day one only, and made no 
further improvement. The control group showed normal 
acquisition across days of training. Old animals receiv- 
ing Sp-cAMP showed an increasingly higher percent of 
conditioned responses compared to control animals 
beginning on day four of training. We conclude that 

activation of PKA during learning may contribute to 
processes that establish long term memory storage for 
EC. 
Supported by: AG04418, NSFIBN0196474 

49. 
SPHINGOLIPIDS AND STEROLS IN THE REGULA- 
TION OF DEVELOPMENT AND AGING IN C. 
ELEGANS 
R. G. Cutler (P), S. Camandola. K. Thompson, K. Mack 
and M. P. Mattson 
NIA, 5600 Nathan Shock Drive, Baltimore, MD 21224 
Using C. elegans as a model, we set out to test the 
hypothesis that aging could be in part caused by the 
accumulation of certain lipid growth-factors. We 
searched for lipids that are initially required for an 
organism to reach sexual reproduction, but then contin- 
ues to accumulate and push the developmental pro- 
gram of the organism past optimum performance into 
dysfunction and death. There is a strong correlation 
between the maximum life span of a species and its 
developmental rate, which suggests that these pro- 
cesses may share a common mechanism. Many 
transgenic and dietary restriction/antioxidant experi- 
ments indicate that a reduction in certain growth-fac- 
tors can slow developmental events while increasing 
health and extending maximum lifespan. In this study 
we are focusing on the lipid growth-factor classes of 
sphingolipids and sterols. Sphingolipid and sterol me- 
tabolism is largely regulated by insulin like growth- 
factors and oxidative stress. Using electro-spray ion- 
ization tandem mass spectrometry we have observed 
an accumulation of long-chain ceramides and 
sphingomyelins with development and aging in the 
worms. Using confocal microscopy we quantified the 
accumulation of fluorescent lipofuscin pigments with 
development and aging. We then used these markers 
to determine the development rate of worms grown at 
various temperatures, exposure to sterol and sphin- 
golipid substrates, and small interfering RNAs directed 
against genes encoding enzymes involved in sphin- 
golipid synthesis. Our results suggest that the devel- 
opment rate as determined by the rate at which the 
worms develop through each life-cycle stage and reach 
sexual maturity is regulated by the metabolic rate and 
the amount of sterols and sphingolipids that are being 
metabolized/synthesized. We have found that limiting 
the amount of sterols in the diet and/or inhibiting de 
novo sphingolipid synthesis results in a dose depen- 
dant delay in early development and a significant exten- 
sion of mean and maximum lifespan in the C. elegans. 

50. (G) 
AGE AND CALORIC RESTRICTION ALTER THE 
RESPONSE TO LPS OF PERITONEAL MACROPH- 
AGES FROM C57BIJ6 MICE. 
Rafael de Cabo (p)l, Virginia L. Vega2 Donald K. 
Ingram ~ and Antonio De Maio 2. ~Laboratory of Experi- 
mental Gerontology NIA, NIH, Baltimore MD 21224. 
2Division of Pediatric Surgery, Johns Hopkins Univer- 
sity School of Medicine, Baltimore MD 21205. 

83 



Aging involves an interaction of complex processes 
resulting in decreased homeostasis, a gradual en- 
hanced vulnerability to damage over time, and an 
increased probability of death. A diet based on a signifi- 
cant reduction in caloric uptake without essential nutri- 
ent deprivation, coined caloric restriction (CR) diet, has 
been shown to increase life span and reduce the 
incidence and delays the onset of age-related patholo- 
gies in numerous studies of various mammalian mod- 
els. The attenuation of biological aging processes in 
animals on CR is due to better maintenance of cellular 
functions. The aim of this study was to evaluate the role 
of aging and CR in the inflammatory response triggered 
by the endotoxin, lipopolysaccharide (LPS). Male 
C57BL/6 mice (4 weeks old) were randomly assigned 
to one of the following diet groups: (1) fed ad libitum 
(AL); or (2) CR diet (40% of ad libitum food consump- 
tion). At the age of 72 or 96 weeks, mice were sacrificed 
and peritoneal macrophages (PMr were isolated. As 
control, younger mice (8 weeks old), fed adlibitumwere 
used. PMr were incubated with LPS (100ng/ml) for 1 
to 5 h. For all AL groups, PIVI~ derived from 72 or 96 
weeks old mice showed reduced LPS-induced TNF-c~, 
IL-1 ~ and IL-10 levels in comparison with 8-weeks old 
animals. In PM$ derived from CR mice, LPS-induced 
IL-I~ and IL-10 levels were elevated, whereas TNF-~ 
was reduced compared to responses of PMr from AL 
mice of the same age. Detection of caveolin-1 and 
surface CD14 by immunostaining of PM~demonstrated 
a reduction in the levels of these proteins in older mice 
compared to 8 week-old mice. The reduced expression 
of these proteins was partially reversed in PMr isolated 
from CR mice. The reduced expression of caveolin-1 
and CD14 was not related to alterations of lipid rafts by 
age or diet. These results demonstrated clear age- 
related alterations in the inflammatory response of 
macrophages in response to LPS. However, CR could 
attenuate this reduced response. We were also able to 
replicate the response to LPS of these ex-vivo mac- 
rophages using a macrophage-like cell line, J774 and 
serum derived from AL or CR fed animals, our previ- 
ously described in vitro model of CR. 

sl. (G) 
CCR5 CHEMOKINE RECEPTOR EXPRESSION IN- 
CREASES IN THE MURINE THYMUS WITH AGING 
Valeria de Mello-Coelhol(P) Leticia B A Rang~ ,2.3̀  
Patr ce J Morin 2 and Dennis D Taub 1 
Laboratories of ~lmmunology and 2Molecular and Cel- 
lular Biology, Gerontology Research Center, National 
Institute on Aging, NIH, Baltimore, MD, 21224; 3Depart- 
ment of Basic and Clinical Pharmacology, Federal 
University of Rio de Janeiro, R J, Brazil. 
Age-related thymic involution is characterized by de- 
creased thymopoiesis, fat accumulation in the inter- 
Iobular spaces and alterations in thymus architecture. 

Although the aged thymus still maintains some capac- 
ity to generate immunocompetent T cells, alterations in 
the ability of thymocytes and stromal cells to express 
various hormones and growth factors have been de- 
scribed during this process. Chemokine receptors are 
expressed by a variety of thymic cells and are involved 

in both intrathymic and extrathymic T cell trafficking. 
Particularly, CCR5 is known to play a role in primary T 
cell and Thl cell migration and serves as a co-receptor 
for HIV infection. In the current study, we examined the 
expression of CCR5 within the murine thymus over the 
aging process. Based on our results using cDNA 
microarray and real time RT-PCR analysis, we found 
that CCR5 mRNA expression increased in the thymus 
of mice ranging from 2 to 18 months of age. This age- 
associated change in CCR5 levels does not appear to 
be due to alterations in thymocyte CCR5 expression as 
total thymocytes and thymocyte subsets appear to 
express similar receptor levels (- 1-5%) on their cell 
surface regardless of the age examined. However, 
upon immunohistological analyses, we visualized 
CCR5* cells in the cortex and medullary areas of the 
thymus in both young and old mice. Additionally, a 
substantial increase in CCR5* cells (predominantly 
exhibiting a preadipocyte phenotype) was observed in 
the septa and thymic parenchymal regions with age. 
These CCR5" cells also positively stained for PPAR-y 
and ERTR7, a fibroblastic cell marker, suggesting that 
some form of adipocyte differentiation may be occur- 
ring within the aging thymus. In addition, the number of 
preadipocytes appeared to be increased within the 
thymus with progressive aging. Finally, analysis of the 
aging thymi for CCR5 ligand mRNA expression using 
real time RT-PCR demonstrated an increase in the 
levels of RANTES, MIP-I(~ and MIP-113 message with 
age. This increase was further supported by the in- 
creased level of MIPI-I~ protein observed within the 
parenchyma of aged thymi. Together, our results dem- 
onstrate that an age-associated increase in CCR5 
expression occurs within the murine thymus possibly 
playing an active role in the process of adipocyte 
deposition and thymocyte loss during thymic involution. 

52. 
ATTENUATION OF A KAINIC ACID INDUCED LEARN- 
ING IMPAIRMENT IN RATS ON DIET ENRICHED 
WITH BLUEBERRIES 
E.L. Soangler, K. B. Duffy (P). J. Mamczarz. B. Shukitt- 
Hale. J.A. ,Joseph, D.K. Ingram Gerontology Research 
Center, National Institute on Aging, 5600 Nathan Shock 
Drive, Baltimore, MD 21224 
Blueberries are among a group of fruits and vegetables 
that contain phytochemicals with high levels of antioxi- 
dants believed to be important in delaying the onset of 
age-related diseases and retarding aging processes. In 
the present study, 5 mo old male Fischer 344 rats (n=28) 
were fed a diet consisting of either a 2% blueberry 

o (BB)extract or a control diet consisting of a 2 Yo corn (CN) 
extract. All rats were maintained on these diets for 13 
weeks before being assigned to one of the following four 
groups that recieved a bilateral intracranial injection to 
dorsal hippocampus of either phosphate buffered saline 
(PBS) or the neurotoxin, kainic acid (KA): a blueberry 
PBS group (n=8), acom PBS group (n=8), a KA blue- 
berry group (n=6), and KA corn group (n=6). One week 
later these rats were trained in a straight runway to run 
to avoid footshock (0.8 mA). On the following day, each 
rat received 20 massed practice trials in a 14-unit T- 
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maze using footshock motivation (0.8 mA). A 1-way 
ANOVA of mean errors per trial across the 20 trials 
revealed a significant effect of group, F (3,24)=4.26, p < 
0.05. Dunnett's post-hoc analyses revealed that only the 
KA corn group differed from the control group (PBS 
corn). The other performance measures of run time, 
shock frequency and druation revealed a similar profile. 
These behavioral results suggest that the blueberry 
group received a significant level of neuroprotection 
from this neurotoxic insult. 

53. 
ATTENUATION OF OXIDATIVE STRESS IN SLED 
DOGS SUPPLEMENTED WITH BLUEBERRIES 
K.L. DunlaD (P), A.J. Reynolds. and L.K. Duffv 
University of Alaska Fairbanks, P.O. Box 756160, 
Fairbanks, AK 99775-6160 
Oxidative damage from free radicals play an important 
role in several diseases such as Alzheimer's disease 
and heart disease. Exercise may also contribute to 
oxidative stress. Fruits, such as blueberries, are good 
antioxidants because they contain phenolics and 
polyphenolics that 
preferentially react with free radicals. Maintaining proper 
antioxidant levels by supplementing the diet with blue- 
berries may prevent oxidative stress and muscle dam- 
age during exercise. The goal of our study was to 
compare antioxidant levels in blueberries and to ob- 
serve any short-term effects supplementing the diet with 
blueberries had on the health of sled dogs. 
Total antioxidant power (TAP), haptoglobin, isoprostane 
and other blood parameters were measured in plasma 
samples taken from racing sled dogs before exercise, 
post-exercise, 24 hours post-exercise, and 48 hours 
post-exercise. The antioxidant concentrations of samples 
were determined by extrapolation from a standard curve 
developed from known concentrations of uric acid. 
Isoprostanes, prostaglandin-like compounds that are 
produced by free radical mediated peroxidation of 
lipoproteins, were determined by an ELISA competitive 
enzyme linked immunoassay. Haptoglobin, creatine 
kinase, and other blood parameters were also moni- 
tored. 
Results show that dogs fed blueberries had a significant 
(p=0.05) increase in plasma TAP 24 hours post-exer- 
cise, with levels returning to baseline by 48 hours. This 
indicates that dogs fed blueberries while exercising, 
compared to dogs fed a control diet, are better protected 
against oxidative damage. Plasma haptoglobin levels 
24 hours after exercise in dogs fed blueberries in- 
creased significantly (p=0.05) from pre-exercise, and 
returned to baseline by 48 hours. 
(Funded in part by Nestle Purina, the UAF graduate 
school, and the UAF Department of Chemistry and 
Biochemistry) 

54. 
INDIVIDUAL DIFFERENCES AND POPULATION 
TRENDS IN LONGITUDINAL PATTERNS OF BASAL 
CORTISOL IN CALORIE RESTRICTED AND AD LI- 
BITUM FED RHESUS MACAQUES. 
J. M. Erwin (P), G. Gerzanich, X. Tigno. and B. C. 

Hansen. Obesity and Diabetes Research Center, Uni- 
versity of Maryland School of Medicine, Baltimore. 
Stress and its endocrine consequences are implicated 
as causes of aging and age-related disorders ranging 
from diabetes to dementia, but evidence is inconsistent 
regarding the relationship between age and cortisol 
concentrations in humans and nonhuman primates. 
The giucocorticoid cascade hypothesis suggests that 
chronic elevation of cortisol results in the death or 
dysfunction of neurons containing Hypothalamic-Pitu- 
itary-Adrenal (HPA) axis regulatory receptors in the 
hypothalamus and hippocampus. This progressive 
damage is thought to lead to obesity, hypertension, 
dislipidemia, and other disorders through impaired regu- 
lation of cortisol, insulin, glucose, and the other endo- 
crine elements of the dysmetabolic syndrome that is 
increasingly common in western cultures. Spontane- 
ously occurring adult-onset diabetes can be prevented 
in nonhuman primates through dietary control, but 
weight stabilization through calorie restriction is often 
implemented too late in non-experimental settings to 
prevent progression to diabetes. Here we report analy- 
ses of the relationship between basal morning cortisol 
concentrations and age in rhesus macaques main- 
tained for many years to study obesity, diabetes, and 
aging. The database included cortisol values for 141 
macaques ranging in age from 4 to 40 years. The 
relationship between age and cortisol values for the 
entire dataset, including all values for all individuals 
was statistically significant, but modest (r=.20); how- 
ever, regression analyses of cortisol by age for 30 male 
rhesus macaques for whom at least 10 years of longi- 
tudinal data were available (at ages ranging between 5 
and 33 years) were more illuminating. Six of these 
animals were calorie restricted for weight stabilization 
and had not become diabetic. The other 24 monkeys 
(12 diabetic and 12 non-diabetic) had been fed ad 
libitum. Cortisol increased significantly with advancing 
age in 5 of the 6 calorie restricted animals (83%), 9 of 
12 adlib fed non-diabetic individuals (75%%), and only 
4 of 12 diabetic individuals (33%). Cortisol declined in 
only three of the 30 animals (10%)mall of whom be- 
came diabetic. Fasting glucose increased significantly 
with age in all diabetic animals and in no non-diabetic 
animals. Most rhesus males exhibited significant direct 
relationships between cortisol and age, but some ex- 
hibited the opposite effect, which would be predicted by 
the glucocorticoid cascade hypothesis never to occur. 
These results warn against reliance on pooled datasets 
for characterization of the biological correlates of aging 
and suggest caution regarding acceptance of the glu- 
cocorUcoid cascade hypothesis. Our data support at- 
tention to individual patterns of longitudinal variation, 
as practiced in the assessment of "allostatic load." 
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55. 
LEARNING MORE FROM EACH PRIMATE: AN IN- 
TEGRATIVE BIOINFORMATICS OF AGING INITIA- 
TIVE. J. M. Erwinl.3.4.s(P), J. Robertson 1,5, D. P. Perl2.S= 
P. R. HoF.S J.=_~.~EJ~ ,s. and B. C. Hansen3.S. ~Virginia- 
Maryland Regional College of Veterinary Medicine at 
Virginia Tech, Blacksburg, VA; 2Mount Sinai School of 
Medicine, New York, NY; 3Obesity and Diabetes Re- 
search Center, University of Maryland School of Medi- 
cine, Baltimore, MD; 4BIOQUAL, Inc., Rockville, MD; 
and 5Foundation for Comparative and Conservation 
Biology, Hagerstown, MD. 
The promises of aging research involving nonhuman 
primates wilt not be fully realized without parallel ad- 
vances in phenotypic characterization and an integra- 
tion of biological and behavioral information from mul- 
tiple systems and levels of organization. Databases, 
such as the Primate Aging Database, must be devel- 
oped, refined, and effectively mined. Aging primate 
tissue banks must be established and managed to 
optimize access. Primate genomics programs must be 
initiated and advanced. Emerging imaging technolo- 
gies must be applied to primates of many species and 
all ages. Coordination and analysis of data from all 
these sources provides an extraordinary, but essential, 
bioinformatics challenge. To begin to meet this chal- 
lenge, we have entered into a collaborative effort to 
integrate several projects and programs that promote 
database building and sharing and the creation of 
tissue banks that will enhance detailed postmortem 
studies. Efforts to date include, (1) development of a 
CNS tissue bank as =A Comparative Neurobiology of 
Aging Resource" at BIOQUAL, Inc., and Mount Sinai 
School of Medicine (including brain imaging and de- 
tailed stereologic cell measures), in cooperation with 
the nonprofit Foundation for Comparative and Conser- 
vation Biology; (2) initiation of =An Aging Primate Tis- 
sue Bank" at the Virginia-Maryland Regional College of 
Veterinary Medicine (Virginia Tech) and plans for de- 
velopment of integrative bioinformatics coordination; 
(3) further development of the ~Obesity, Diabetes, and 
Aging Animal Resource" at the University of Maryland 
School of Medicine, including a colony of aging rhesus 
monkeys, an archive of tissue specimens, a database 
of clinical Chemistries and other physiological mea- 
sures, and a well-developed corps of collaborating 
scientists. This coalition is intended to grow by adding 
more participating institutions and to refine research by 
improving efficiency and increasing the amount of infor- 
mation yielded by each individual primate. This ap- 
proach will amplify the value of each life by enhancing 
considerate care, promoting understanding of biology 
and behavior, and improving the quality of life for all 
primates. 

56. 
NEUROINFLAMMATION IN AMYOTROPHIC LAT- 
ERAL SCLEROSIS:  NEW THERAPEUTIC 
OPPORTUNTIES FOR SELECT NATURAL PROD- 
UCTS 
Robert A. Floyd (P), Shenyun Mou, Melinda West, 
.Quentin N. Pye, Charles Stewart, Kelly WUliamson, 

Kenneth Hensley Oklahoma Medical Research Foun- 
dation, 825 NE 13th Street, Oklahoma City, OK USA 
73104 
Multiprobe ribonuciease protection assays (RPAs) were 
used to investigate expression of 36 different cytokines 
and apoptosis-related genes in spinal cords of mice 
that ubiquitously express human SOD1 bearing a gly- 
cine to alanine substitution at residue 93 (G93A-SOD1). 
Mice were studied at late presymptomatic stage (80 D), 
and at 120 D when the animals experience severe 
hindlimb paralysis. Spinal cord tissue from G93A-SOD1 
mice expressed a subset of macrophage-typical 
cytokines (monokines) including ILla, ILlb and ILl RA 
at 80 D increasing by 120 D. Contrastingly, T-cell 
derived cytokines (lymphokines) including IL2, IL3 and 
IL4 were detected at low levels in nontransgenic mice 
but these were not elevated in G93A-SOD1 mice even 
at 120 D. Apoptosis-related genes were generally un- 
affected at 80 D but caspases and death receptor 
components were upregulated at 120 D; a notable 
exception being the TNF-RI which was upregulated at 
80D and increased further at 120 D. These data indi- 
cate that in the G93A-SOD1 mouse (1) cytokine ex- 
pression changes precede bulk protein oxidation and 
apoptosis gene expression; (2) lymphocyte contribu- 
tions to cytokine expression in FALS are likely minor; 
and (3) TNFa and its receptors may link inflammation to 
apoptosis in ALS. Based on these findings, a microglial 
cell culture model was developed to identify anti-TNFa 
compounds that might prove efficacious in ALS. One 
natural product to emerge from the cell culture screen, 
nordihydroguairetic acid, increased survival and im- 
proved prognosis of G93A-SOD1 mice when adminis- 
tered orally or intraperitoneally. Supported by the Amyo- 
trophic Lateral Sclerosis Association (ALSA), the Na- 
tional Institute on Aging (RO3-AG20783), and the Okla- 
homa Center for Neuroscience (OCNS). 

57. 
2003 FLOW CHART OF BIOCHEMICAL AND PHYSI- 
OLOGICAL INTERACTIONS IN HUMAN 
AGING. 
J.D. Furber (P) Legendary Pharmaceuticals, PO BOX 
14200, Gainesville FL 32604-2200 
The many observable signs and symptoms of human 
senescence have been hypothesized by various re- 
searchers to result from several primary causes. Close 
inspection of the biochemical pathways associated 
with each of the hypothesized causes reveals several 
parallel cascades of events with multiple interactions 
and feedback loops among them. 
As an aid to keeping track of the many processes and 
interactions, a flow chart is presented. Promising inter- 
vention points for the development of new therapeutics 
are also highlighted on the flow chart. 
The mechanisms which are incorporated into this flow 
chart include: 
- -  Nonenzymatic glycation of long-lived proteins and 

nuclear DNA. 
- -  Mutations accumulate in the mitochondrial 

genomes of postmitotic cells. 
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Increasing acetylation of histones opens hetero- 
chromatin, permitting inappropriate expression of 
nuclear genes. 
Lipofuscin accumulates in lysosomes of postmitotic 
cells, and leaks into cytoplasm. 
Increased redox poise alters signaling and 
enzyme activities. 
Redox damage and crosslinking of long-lived 
macromolecules in postmitotic cells and extracel- 
lular matrix. 
Stiffer blood vessels promote stroke and heart 
disease. 
Nuclear DNA damage and telomere shortening 
induce altered phenotype and arrest cell division 
in some cells. 
Apoptosis, necrosis, and cell loss lead to tissue 
wasting, neurodegeneration, and organ malfunc- 
tion. 
Alterations in neuroendocrine and immune 
systems. 
Rate of repair & turnover of macromolecules & 
organelles slows. 
Arrested cells export toxic reactive species and 
inflammatory cytokines. 
Abnormal aggregations of proteins damage brain 
cells. 
Consequences include athersclerosis, cancer, 
stroke, macular degeneration, and other age- 
associated diseases. 

Theoretically powerful points for the development of 
new interventions include: 

Slowing or reversing the accumulation of lipofus- 
cin in lysosomes of postmitotic cells. 
Slowing or reversing the accumulation of AGE 
crosslinks in extracellular collagen, elastin, and 
blood proteins. 
Preventing takeover of postmitotic cells by mutant 
mitochondrial DNA. 
Enhancing turnover of damaged macromolecules 
and organelles. 

This flow chart is continuously maintained on the Web 
as a reference to researchers, and is updated as new 
information comes to light. 
[ w w w .  L e g e n d a r y  P h a r m a . c o m /  
senescence.html#Mechanisms ] 

58. 
CORRELATING BRAIN/BEHAVIOR 
RELATIONSHIPS IN AGING: THE EFFECTS OF DI- 
ETS HIGH IN BERRYFRUIT POLYPHENOLICS 
R.L. Galli (P), B. Shukitt-Hale, D.F. Bielinski, A.N. 
Carey, J.A. Joseph 
Simmons College, Dept of Psychology, 300 The 
Fenway, Boston, MA 02115-5898 
Dietary supplementation with fruit or vegetable extracts 
can ameliorate age-related declines in measures of 
learning, memory, motor performance and neuronal 
signal transduction in our rat model. In this study, 
groups of 19 month old male Fischer rats were fed a 
well balanced control diet, or the diet supplemented 
with 2% extract from either blueberry, cranberry, black 
currant, or boysenberry fruit. During weeks 10 & 11 on 

the diets, animals were tested in the Morris water maze 
(MWM) and on psychomotor tasks. Brain regions were 
excised and examined for striatal dopamine release (a 
measure of signal transduction sensitive to age and 
oxidative stress) and a hippocampal marker of inflam- 
mation (IL-lbeta). Production of Heat Shock Protein 70 
(HSP70) was induced by an in vitro inflammatory chal- 
lenge (LPS) and levels of the neuroprotective repair 
protein assessed in hippocampal tissue. 
Correlations within and across diet groups explored the 
connection between the neuronal and the behavioral 
effects of nutritional supplementation targeting age- 
related changes. The black currant, blueberry, and 
cranberry diets enhanced neuronal signal transduc- 
tion, and the blueberry and cranberry diets were effec- 
tive at ameliorating changes in hippocampal HSP70 
neuroprotection and IL-lbeta levels. All of the diets 
affected MWM measures of spatial learning and 
memory, and the blueberry and cranberry diets im- 
proved motor performance. 
The four berryfruits tested are rich in color and corre- 
spondingly high in anthocyanins and other polyphe- 
nolic compounds. These phytochemicals protect the 
growing fruit from solar radiation and in laboratory 
assays demonstrate antioxidant capabilities. Several 
anthocyanins have been detected in the brains of rats 
fed a 2% blueberry extract supplemented diet. Ongoing 
studies seek to characterize which polyphenolic com- 
pounds, or relative combination and concentration of 
compounds, may contribute to the significant anti- 
aging effects seen with blueberries and some other 
fruits and vegetables. 

59. 
GENE EXPRESSION PROFILING OF AGING AND 
CALORIE RESTRICTION ON THE PHERIPHERAL 
BLOOD T LYMPHOCYTES IN RHESUS MONKEYS 
USING OLIGONUCLEOTIDE ARRAY. 
T.Kayo (P), N.Wilson, T.A.Prolla, R.Weindruch. 
Wisconsin National Primate Research Center, Madison, 
1220 Capitol Court, Wl 53715. 
Immune function declines with increasing age and im- 
mune senescence causes a variety of age-related disor- 
ders. T lymphocytes from aged human and animal 
subjects exhibit impaired response to various mitogens 
and expression of delayed hypersensitivity. The mecha- 
nisms of age-related immune dysfunction in T lympho- 
cytes are unknown. The aim of this study is to investigate 
the effects of aging and calorie restriction (CR) on the 
gene expression profile in peripheral blood T lympho- 
cytes of rhesus monkeys through the use of oligonucle- 
otide array representing 12,558 human genes and ex- 
pressed sequence tag (ESTs). This study involved in 20 
male rhesus monkeys. The aging was studied in two 
groups (n=5) of monkeys given free access to Purina 
Monkey Chow. These monkeys were young (9-12 years 
old) and old (29-33 years old). For the CR study, middle 
aged feeding control (21 years old) and middle aged CR 
(21 years old) from our long term CR study initiated in 
1989 at the Wisconsin National Primate Research Cen- 
ter. The C R monkeys had 30% lower calorie intakes than 
the controls based on the measurements of individual 
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chow diet caloric intakes. Peripheral venous blood was 
obtained from each monkey. CD4+ (Helper) and CD8+ 
(Cytotoxic) T lymphocytes were sorted by using mag- 
netic beads. The amount of 5 microgram total RNA from 
CD4+ and CD8+ T lymphocytes was conversed into 
cDNA. 
Biotin-labeled cRNA were synthesized to hybridize to 
the Affymetrix Human U95A Array which was derived 
from selected genes and ESTs from Unigene, GeneBank 
and TIGR databases. After washing, staining, and scan- 
ning, analysis was performed by an Affymetrix algorithm 
with Affymetrix GeneChip analysis software. To deter- 
mine the effect of age, each young monkey (n=5) was 
compared to each old monkey (n=5) by twenty-five 
pairwise comparisons. 
Likewise, the effects of CR were determined by compar- 
ing each middle aged CR monkey (n=5) to each middle 
aged feeding control monkey (n=5), generating twenty- 
five pairwise comparisons. We applied to criteria for 
selecting significant genes based on nonparametric 
bootstrap testing with a Pvalue (<0.05) and average fold 
change (e"1.5 fold). Aging in CD4+ T lymphocytes 
resulted in a downregulation of genes involved in adhe- 
sion molecules and development regulatory protein in 
CD4+ T lymphocytes. On the contrary, aging in CD8+ T 
lymphocytes resulted in a upregulation of genes in- 
volved in adhesion molecules and development regula- 
tory protein. CR decreased genes involved in adhesion 
molecules and development regulatory protein in CD8+ 
T lymphocytes. These data suggest that aging is asso- 
ciated with specific transcriptional pattern in CD4+ and 
CD8+ T lymphocytes and CR can attenuate the age- 
related changes. 

60. 
AGE-RELATED CAPILLARY CHANGES IN WHITE 
MATTER OF MOUSE BRAINS. 
GD Li (P), JH Aruna, D-L Lei, PR Mouton, and DK 
Ingrain. Laboratory of Experimental Gerontology, 
Intramural Research Program, National Institute on 
Aging (NIA), NIH, 5600 Nathan Shock Drive, Baltimore, 
MD 21224 
In this cross-sectional study we used modern morpho- 
metric methods to assess the effects of aging on 
angiogenesis in mouse brain. Novel stereological ap- 
proaches using isotropic sphere probes combined with 
unbiased sampling have been recently introduced to 
quantify the total length of thin linear features (nerve 
fibers, capillaries) in defined brain regions. These tech- 
niques overcome the disadvantages of previous meth- 
ods including the requirements for inconvenient section 
orientations, complex counting rules at multiple focal 
planes, and differential shrinkage of age versus young 
tissue (Mouton et al., J. Microscopy, 206:54-64, 2002). 
Brains from male C57BL/6J mice (n = five 9-mos old 
and five 26-mos old) were perfusion fixed and sec- 
tioned in a systematic-random manner, and total num- 
ber of capillary segments and total length of the capil- 
lary vessels were quantified in the corpus callosum. 
Preliminary findings suggest a significant age-related 
increase in the number of capillary segments in the 
white matter of aged mouse brain (p<0.01). These 

results provide support for the idea of increased anglo- 
genesis as a function of age, possibly in response to 
increased demand for perfusion. 

61. 
SENIOR CENTERS CAN ADMINISTER AND IN- 
CREASE THE STATISTICAL POWER OF LONGEV- 
ITY STUDIES. 
P.D. Fichandler, H.A. Raphaelson. and M.A. Gerlinq ~, 
K. HulF. R.C. CODDinQs 3. K.E. Gerstmann 4, William 
Holme s, J.A. JoseDh 8, A.C. KokesW. D. MathewSL B. 
Sachs. HR Herbs 9, A. Pruchnicki ~~ R. Schnoll ' , A. 
Wetherel112, R. Martin13(P). 
~Mansfield Senior Center, Mansfield, CT 06268, 2New 
Fairfield Senior Center, New Fairfield, CT 06812, 3Lane 
College, Jackson, TN 38301,4NY, NY 10014, 5Bethel, 
CT 06801, SHuman Nutrition Research Center on Aging 
at Tufts University, Boston, MA 02111, 7Charleston, 
WV 25301, 8New Fairfield, CT 06812, 9Sherman, CT 
06784, ~~ Sinai Medical Center, NY, NY 10029, 
"Brooklyn College, Brooklyn, NY 11210, ~2DERA Chemi- 
cal and Biological Defence Sector, UK and 13MMT 
Corp., Sherman, CT 06784. 
Today's modern senior centers have networked com- 
puters, computer classes and volunteer teachers who 
can train and assist study participants. They regular 
meetings that greatly speed recruitment. And they 
have a corps of reliable study participants and profes- 
sional volunteers who can work with scientists to imple- 
ment study protocols. 
Our experience conducting the 2002 Blueberry Health 
Study at the New Fairfield and Mansfield Senior Cen: 
ters suggests that large-scale studies of the kind de- 
scribed over 30 years ago by Alex Comfort (1969) can 
be conducted, at virtually no cost, if scientists work with 
senior center leaders. Their skill, dedication and will- 
ingness to perform tasks required during human stud- 
ies m reminding participants to provide weekly reports, 
assisting with computer tasks, typing answers for those 
who are unable, communicating regularly with scien- 
t i s t s -  tie everyone's efforts together and lead to a level 
of reliability that is more than sufficient for high-quality 
studies. 
Recruitment at both centers required approximately 1 
month, rather than six to twelve months typical for this 
kind of study. The baseline period dropout rate was 
25% when PF worked with Mansfield participants, and 
60% for all other participants. Overall test-retest reli- 
ability for decision speed was 0.92, far higher than the 
average reported reliability of 0.67 for other cognitive 
studies. The final confidence limit for decision-speed 
improvement during the blueberry study was 0.025. 
Without data from senior center participants, the confi- 
dence limit would have been 0.077. 
The formula we found successful included (1) public 
meetings at each center, at the start, middle and end of 
the study, (2) weekly email messages to participants 
and center leaders, who posted and announced them 
for those without email, (3) formation of a review com- 
mittee so that the leaders and participants could review 
and amend each weekly draft message before it was 
released, (4) weekly phone conversations between 
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scientists and center leaders, to respond rapidly to 
problems and questions, and (5) involvement of both 
the center director and one or two leaders, including the 
individual in charge of computer instruction. 
Dr. Comfort published his research plans, repeatedly, 
but could not implement them (Kirkwood, 2001). Today's 
senior centers appear to have the hardware and human 
talent and dedication needed to carry out studies of the 
kind he so eloquently described. Scientists and Senior 
Center members who wish to join our research group 
are invited to contact us at BlueberryStudy.com. 
Citations: Comfort, A. (1969) Lancet: Dec 
27;2(7635):1411-4. Kirkwood, TB Exp Gerontol 1998 
Jan-Mar; 33(1-2): 135-40. 
Acknowledgments: We thank Phil Fichandler, Howard 
Raphaelson, William Holme, Marilyn Gerling, Kathy 
Hull and Catherine Pappas for inventing their roles as 
leaders/scientists and enabling the 2002 Blueberry 
Health Study to be completed. We thank also the M MT 
Corp. for contributing the study software, Capsugel 
Inc., for donating all capsules for the study, the Wild 
Blueberry Association of North America for providing all 
blueberries, and the Danbury A&P Superfoodmart, 
Sherman IGA Supermarket, Mansfield Big Y Super- 
market, Happy Rainbows Herbs and the New Fairfield 
and Mansfield Senior Centers for serving as our regular 
blueberry distribution centers. 

62. 
DESIGN OF A STUDY TO DETERMINE THE EFFECT 
OF VITAMIN C AND E INTAKE ON PROTEIN CAR- 
BONYLS, TBARS AND HEINZ BODIES 
L. Moser fP~. and A.B. Ordman Biochemistry Pro- 

gram, Beloit College, Beloit, WI 53511, Department of 
Biochemistry, Rush University, Chicago, IL 60612 
A clinical trial was conducted to compare the antioxidant 
effectiveness of th tee vitamin C dosages in the presence 
of 400 mg vitamin E (alpha-tocopherol). Dosages of 
vitamin C were 200 mg daily in food, 500 mg twice a day 
as supplements, and 1,000 mg twice a day as supple- 
ments, the Upper Limit established by the Food and 
Nutrition Board. Ten volunteers participated. Each 
spent 3 weeks at each dosage before blood samples 
were taken on two consecutive days, 4 -12 hours after 
supplementation. Participants were initially given in- 
struction on portion size and vitamin C content of food 
and drinks available. Compliance was measured by 
food diaries and supplement time logs maintained dur- 
ing the days before blood draws. 
Discussion of appropriate endpoints involved investiga- 
tors at four institutions. Endpoints selected were protein 
carbonyls, TBARs, and Heinz body formation in RBCs. 
Protein carbonyls did not change significantly between 

the three vitamin C dosages. Even with daily vitamin E 
supplementation, Heinz body formation was significantly 
lower at 500 mg of vitamin C twice a day. Heinz body 
formation increased at either higher (200 rag) or lower 
(1,000 mg twice a day) intakes of vitamin C. Results 
indicate that even when vitamin E intake is 400 mg per 
day, it is possible to distinguish the effect of different 
levels of vitamin C on hemoglobin oxidation. 

63. 
IMPACT OF AGING AND OF CALORIC RESTRIC- 
TION ON T-CELL IMMUNITY IN PRIMATES 
J. Nikolich-Zugich (P), V. Jankovic and I. Messaoudi 
Vaccine and Gene Therapy Institute, Oregon Health & 
Science University, 505 NW 185th Ave., Beaverton, OR 
97006 
A prominent theory of immune senescence holds that 
repeated antigenic stimulation and decreased produc- 
tion of na'~'ve cells combine to progressively exhaust the 
reserve of lymphocytes available to fight new patho- 
gens, culminating in an accumulation of lymphocytes 
that achieved replicative senescence. It is not known 
whether (and to what extent)caloric restriction can 
reverse the manifestations of immune senescence. 
Here, we investigated phenotypic and functional T-cell 
aging in the rhesus macaques (RM), and the impact of 
caloric restriction on those processes. Our results show 
that sharp differences exist between the CD8 and CD4 
T-cell subsets in: (i) cell cycle programs (as assessed by 
both in vitro proliferation and in vivo turnover measure- 
ment); (ii) CD28 regulation upon cell cycle entry; (iii) 
accumulation of immediate effector cells amongst the 
CD28- cells, believed to be close to or at replicative 
senescence. Moreover, our experiments confirm that 
CD28- calls continue to turn over in vivo, even in deep 
senescence, stressing the poor reliability of CD28 as a 
marker for senescence. Much of the aging phenomenol- 
ogy in RM, therefore, can be ascribed to accentuation 
over time of the inherent differences in activation pro- 
grams in CD8 and CD4 T-cells. While caloric restriction 
did not impact upon all of these changes, some were 
clearly ameliiorated by it. 

4. 
ANTIOXlDANT ACTIVITY OF UYAKU (LINDERA 
STRYCHNIFOLIA), A NATURAL EXTRACT USED IN 
TRADITIONAL MEDICINE. 
Y. Noda 1 (P), A. Mori 2, L. Packer 3 
1The University of Michigan, 2Okayama University, 3Uni- 
versity of Southern California 
Uyaku (Lindera strychnifolia: Sieb. et Zucc.) is known as 
a traditional Asian medicine, used in the treatment of 
stomach and renal disease, neuralgia, rheumatism and 
aging. We hypothesized that Uyaku may have antioxi- 
dant activities. 
In this study, we have examined the effects of Uyaku 
extracts on reactive oxygen species, lipid peroxidation, 
and protein carbonyl formation. The dry roots and 
leaves of Uyaku were extracted by hot-water (100 ~ 
10 min) or ethanol (40 or 80%)-H20 extract (23 ~ 
24h). The extract was lyophilized. The effects of 
Uyaku on hydroxyl (HO.) and superoxide (O2-.) radicals 
were examined using the electron spin resonance 
(ESR) spectrometer with spin trap, 5,5'-dimethyl-1- 
pyrroline-N-oxide (DMPO). The nitric oxide (NO) scav- 
enging activity was estimated spectrophoto-metrically 
(545 nm) by flow injection analysis using Griess re- 
agent. The peroxynitrite (ONOO-) scavenging activity 
was assessed using fluorescence spectroscopy by 
measuring the oxidation product of dihydrorhodamine 
123 (Ex: 500 nm; Em: 536 nm). The inhibitory effect on 
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Fe2*-induced lipid peroxidation was estimated by mea- 
suring the thiobarbituric acid reactive substances (532 
nm). The inhibitory effect on (Fe 2§ + H202)-induced 
protein carbonyl formation was examined by measur- 
ing the reaction product of 2,4-dinitrophenylhydrazine 
and carbonyl groups in oxidatively modified protein 
(370 nm). Linolenic acid and bovine serum albumin 
were used as standard materials, respectively. The 
inhibitory effect on 3-morpholinosydnonimine (SIN-1)- 
induced l ipid peroxidat ion in neuronal cells 
(ATCC#LLC107: rat, glial tumor) was examined by the 
measurements of malonaldehyde and 4- 
hydroxyalkenals (MDA+4-HNE; 580 nm). 
The extracts directly scavenged HO. generated from 
Fenton reagent (roots: ID50=1.2, 0.5 and 0.4 mg/ml for 
hot-water extract, 40 and 80%-ethanol extract) (leaves: 
ID50=0.9, 0.9 and 0.4 mg/ml for hot-water extract, 40 
and 80%-ethanol extract). In comparison, the ID50 of 
trolox (water-soluble vitamin E) and ascorbic acid were 
each 0.3 mg/ml (1.2 mM) and 0.002 mg/ml (0.011 mM). 
The direct scavenging activity was confirmed by ana- 
lyzing ESR spectra using different concentrations of 
spin trap DMPO. The activity of the extract (roots or 
leaves, hot-water extract) corresponds to approximately 
100 SOD-equivalent units/mg of extract. 
The hot-water extract of both roots and leaves scav- 
enged NO- in a dose-dependent manner (ID50=3-4 
mg/ml). The extract (roots) showed direct ONOO- 
scavenging activity in a dose-dependent manner 
(ID50=0.035 mg/ml). Both extracts inhibited lipid 
peroxidation (ID50=0.08 mg/ml). In comparison, the 
ID50 of alpha-tocopherol was 0.03 mg/ml (0.06 mM). 
The extract (leaves) inhibited lipid peroxidation in neu- 
ronal cells (ID50=2 mg/ml and 1 mg/ml for 4 and 36 h 
after the addition of SIN-1 respectively). Both extracts 
inhibited protein carbonyl formation (ID30=0.029 and 
0.12 mg/ml each for roots and leaves). 
In conclusion, the Uyaku extracts showed potent scav- 
enging activity against O2-. and ONOO-, and effectively 
inhibited lipid peroxidation and protein carbonyl forma- 
tion. These results may hold some importance in age- 
associated diseases induced by excess reactive oxy- 
gen species. 

65. (G) 
THE GLUCAGON-LIKE PEPTIDES: A NEW GENRE 
IN THERAPEUTIC TARGETS FOR INTERVENTION 
IN AGE-RELATED CENTRAL & PERIPHERAL 
NEURODEGENERATIVE DISORDERS, 
..T-A Perry (P), K. Sambamurti, D.K. Lahiri, M.P. Mattson, 
J.M. Eqan, P.R. Mouton & N.H. Greig. Section of Drug 
Design & Development, Laboratory of Neurosciences, 
Gerontology Research Center, Intramural National In- 
stitute on Aging, National Institutes of Health, Balti- 
more, MD 21224. 
Glucagon - like peptide - 1 (7-36) amide (GLP-1) may 
represent a novel approach for reversing or halting the 
neurodegenerative processes commonly associated with 
age-related diseases of the central and peripheral ner- 
vous systems. GLP-1 is an endogenous insulinotropic 
peptide that is secreted from the gastrointestinal tract in 
response to the ingestion of food. It enhances pancreatic 

islet beta-cell proliferation, glucose-dependent insulin 
secretion, and lowers blood glucose and food intake in 
patients with type 2 diabetes mellitus. GLP-1 receptors, 
are coupled to the cyclic AMP second messenger path- 
way, and are expressed throughout the brain of rodents 
and humans. GLP-1 and exendin-4; a naturally occur- 
ring, long-acting analog of GLP-1 that binds atthe GLP- 
1 receptor, possess neurotrophic and protective proper- 
ties in cultured neuronal cells, and attenuate the cholin- 
ergic neuron atrophy in the basal forebrain in a well- 
established rodent model of neurodegeneration. 
In line with their insulinotropic and neurotrophic proper- 
ties, we now demonstrate that pharmacological doses 
of GLP-1 and exendin-4 offer significant protection 
against the sensory neuropathy induced by pyridoxine 
(vitamin B6) toxicity. This rodent model of peripheral 
nerve degeneration reflects one aspect of human pe- 
ripheral neuropathies, such as that commonly associ- 
ated with type 2 diabetes mellitus and the numerous 
neuropathies of unknown etiology, for which there is 
currently no effective treatment. 
In addition, we now report that GLP-1 and exendin-4 
exhibit anti-oxidant properties; both peptides dose- 
dependently protect cultured hippocampal neurons 
against death induced by amyloid beta-peptide (A- 
beta) and iron. Moreover, GLP-1 dose-dependently 
reduces endogenous levels of A-beta in mouse brain, 
and lowers secreted and cellular beta-amyloid precur- 
sor protein (beta-APP) levels in cultured neuronal cells. 
These data indicate that GLP-1 can modify APP pro- 
cessing and protect against oxidative injury, two ac- 
tions which suggest a novel therapeutic target for 
intervention in Alzheimers disease (AD). Together with 
the neurotrophic effects of these peptides, which we 
have previously shown to be facilitated through the 
GLP-1 receptor that, unlike TrkA, is not documented to 
be lost in the AD brain, we suggest a novel alternative 
and potentially valuable approach for the treatment of 
central, as well as peripheral nervous system disor- 
ders. 

66. (N) 
THE GENERATION OF MITOCHONDRIAL HSP70 
MICE 
R. Puttaaunta fP~ and T.A. Prolla Genetics Dept., 
University of Wisconsin-Madison, 445 Henry Mall Rm 
118, Madison, WI 53706 
Emerging research indicates that mitochondria play a 
central role in the aging process. The epicenter of 
oxidative damage is the mitochondrion, where radical 
oxygen species (ROS) are created as byproducts of 
energy metabolism. ROS can damage proteins, lipids 
and DNA. Severe damage can lead to mitochondrial 
dysfunction, such as alterations in mitochondria struc- 
ture, membrane potential, release of cytochrome cfrom 
the inner membrane matrix and induction of the apoptotic 
pathway. Cytosolic inducible HSP70 (heat shock pro- 
tein of 70 kDa) has shown a protective role against 
protein damage, oxidative stress, ischemia, apoptosis 
and mitochondrial dysfunction in cell lines, drosophila, 
and/or mice. The HSP70 family is large and highly 
conserved throughout evolution. First discovered as a 
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response to heat shock, HSP70 is now known to have 
multiple functions. Of the human HSP70 family, mito- 
chondrial HSP70 (MTHSP75) is most homologous to 
bacterial HspT0 (DnaK). MTHSP75 is constitutively 
transcribed in the nucleus but localized to the inner 
membrane of the mitochondria, where it serves as an 
ATPase transporter of proteins into the mitochondria. 
Once proteins arrive inside the mitochondria, MTHSP75 
is able to fold them into their proper conformation. It also 
serves as a chaperone of proteins synthesized on mito- 
chondrial ribosomes and can help degrade misfolded 
proteins within the mitochondrion. Under stress, 
MTHSP75 refolds denatured proteins properly and pre- 
vents aggregation. MTHSP75 is also known as glucose 
regulated protein of 75 kD (GRP75). Another grp family 
member, GRP78, is a resident endoplasmic reticulum 
HSP70 family member involved in Ca++ homeostasis. 
GRP75 (MTHSP75) may contain a calcium binding 
domain and also be involved in mitochondrial Ca++ 
homeostasis. By creating a transgenic mouse 
overexpressing human MTHSP75 we are studying the 
role of this protein in protection against protein oxidative 
damage/aging and maintaining the integrity of the mito- 
chondrion. The human MTHSP75 cDNA was cloned 
into the pCAGGS vector. Expression is driven at high 
levels in the heart and muscle, and at lower levels in the 
brain, by the chicken Beta-actin promoter and CMV 
enhancer. Five transgenic mice were generated, two of 
which died after birth prior to weaning. A high copy 
number of MTHSP75 leads to smaller animals and in 
some cases an early death. A low copy number founder 
of MTHSP75 has thus far shown no phenotype varying 
from wildtype C57BI/6 mice. Northern analysis shows 
expression in muscle, heart and brain. Western analy- 
sis and immunohistochemistry confirm these results. 
Electron microscopy has shown that the protein is local- 
izing to the mitochondria. Currently functionality assays 
to demonstrate a possible protection by the MTHSP75 
transgene in cardiomyocyte cell lines to hydrogen per- 
oxide damage are being performed. Further assays will 
be run to test protection of the MTHSP75 transgene 
against varying stressors such as gamma-irradiation 
and paraquat both in cell lines and in vivo. Future 
experiments will include I/R injury stressing experiments 
and aging timepoint microarray analysis of the MTHSP75 
transgenic mice to further analyze for resistance to 
protein oxidative damage, retarding of aging and/or 
resistance to mitochondrial dysfunction under stressful 
conditions. 

67. 
INFLUENCE OF AGE AND DIET ON THE DISRUP- 
TION OF FIXED-RATIO RESPONDING IN RATS EX- 
POSED TO 56FE PARTICLES, 
B. M. Rabin (P), B. Shukitt-Hale. J. A. Joseoh. L. L. 
Buhler and D. G. Jenkins Department of Psychology, 
University of Maryland Baltimore County, Baltimore, 
MD 21250 
Exposing rats to S6Fe particles produces =accelerated 
aging", both in terms of dopaminergic function and in 
terms of behavior. Maintaining rats on antioxidant diets 
ameliorates the neurochemical and behavioral effects of 

both aging and irradiation. The present experiment was 
designed to evaluate the interaction between age and 
diet on the disruption of operant responding by exposure 
to S6Fe particles. 
Rats were maintained on either a control diet or diets 
containing 2% blueberry or strawberry extract for two 
months prior and 1 week following exposure to 1.5 Gy 
of 56Fe particles. When tested on an ascending fixed- 
ratio schedule 7 months following exposure (approx. 11 
months old), all radiated rats fed both control or antioxi- 
dant diets showed response patterns similar to that 
ofthe unirradiated animals. When tested 12 months 
following irradiation (approx. 16 months old), the radi- 
ated rats fed the control diet showed a deficit in re- 
sponding at the higher ratios. In contrast, the rats fed 
the strawberry diet, but not the blueberry diet, showed 
no significant differences in the pattern of responding 
compared to the non-irradiated rats. These results 
suggest that maintaining rats On a diet containing 
strawberry extract can prevent changes in fixed-ratio 
responding that occur in older rats following exposure 
to S6Fe particles. 
Supported by NASA Grant NAG9-1190 

68. 
ROSIGLITAZONE IMPROVES CONTEXTUAL FEAR 
CONDITIONING IN AGED F344 RATS. 
Heather Stellwagen (P), Carmelina Gemma, Matt Fister, 
Michael Mesches, Claire Cartford. Ched Hudson, and 
Paula C. Bickford. Center for Aging and Brain Repair, 
USF COM, and James A, Haley VAMC, Tampa Florida 
33612 
There is a strong evidence from the literature describing 
a significant inflammatory component in aging-related 
disorders. Multiple approaches aimed at decreasing the 
inflammatory response have been proposed. Experi- 
mental, clinical and epidemiological studies have sug- 
gested a beneficial role of non-steroidal anti-inflamma- 
tory drug (NSAID's) in Alzheimer's disease. Growing 
evidence suggests that NSAID's might act via their 
interaction with peroxisome proliferator-activated re- 
ceptors (PPARs) PPARg activation has been shown to 
inhibit the production of proinflammatory and neurotoxic 
products elaborated by b-amyloid-stimulated microglial 
cells and monocytes, as well as the activation of nuclear 
factor kB. However, although PPARs have been shown 
to affects many biological functions little it is know about 
their effects on learning and memory deficits associated 
with aging. In this study we explore the effect of a 
synthetic ligand that acts as PPARg agonist, rosiglitazone, 
on learning and memory processes in aged F344 rats. 
Rosiglitazone was administered via the rat chow at a 
dose of 10 mg/kg/day for 2 months prior to behavioral 
testing. Rats were tested in a contextual fear condition- 
ing paradigm that involves exposing the rat to a mild foot- 
shock on the first day of testing. Forty eight hours later 
rats are then placed back into the same chamber and 
tested for freezing. Young rats show a high degree of 
freezing in this environment as they have a memory for 
the place in which the footshock was administered. 
Aged rats show diminished levels of freezing on this 
task, however aged rats that were on the rosiglitazone 
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diet showed significantly higher freezing demonstrating 
an improvement in memory. 

69. (N) 
WHY IT'S HARDER FOR AN OLD DOG TO LEARN 
NEW TRICKS 
C.M. Studzinski (P~. J.A. Arauio. N.W. Milaram 
Department of Pharmacology, University of Toronto, 
Toronto, Ontario, Canada, M5S 1A8 
Dogs show a pattern of age-dependent cognitive de- 
cline, which is similar in many respects to the pattern 
seen in humans. As dogs age, they are slower to learn 
complex tasks and exhibit deficits in memory storage. 
The present study used measures of within-session 
learning and between-session retention to character- 
ize the effect of age on size discrimination and reversal 
learning in young and old dogs. To quantify within- 
session learning, we calculated mean difference scores 
between the number of correct responses made in the 
first half of a session and the number of correct re- 
sponses made in the second half of the same session. 
Positive scores represent learning occurring within a 
session. To quantify between-session retention, a 
measure of memory, we calculated the mean differ- 
ence between the number of correct responses made 
in the second half of session 'n' and the number of 
correct responses made in the first half of session 'n + 
1'. For this measure, positive scores represent remem- 
bering of information and negative scores represent 
forgetting. 
Age differences occurred on both the size discrimination 
task and the size reversal task; the old dogs showed 
forgetting, whereas the young dogs showed retention. 
Old and young dogs did not differ in the within-session 
learning score but there was a trend towards increased 
within-session learning in the old animals on the size 
discrimination task. Altogether, aged dogs show in- 
creased within-session learning and decreased between- 
session retention scores when compared to young dogs. 
These findings suggest that age-dependent discrimina- 
tion learning deficits reflect impaired retention of previ- 
ous information. The retention measure used in the 
present study is unable to distinguish between consoli- 
dation and retrieval; we cannot conclude, therefore, the 
extent to which deficits in these processes are respon- 
sible for the age-dependent retention impairment noted. 
In contrast, the decreased within-session learning scores 
in young animals reflect the animals' increased ability to 
remember the previously learned information. There- 
fore, the present study suggests that impaired retention 
is responsible for age-dependent deficits in discrimina- 
tion and reversal learning in old dogs. 

70. 
CALORIC RESTRICTION, ANTIOXlDANTTHERAPY, 
OXIDATIVE STRESS AND BRAIN AGING 
N. Sumien (P), R. A. Shetty, L. K. Kwong, K. Heinrich, S. 
Ruppel, A. Lass, B. Koller, P. Morris, R. R. Sohal, and M. 
J. Forster Department of Pharmacology and Neuro- 
science, Institute for Aging and Alzheimer's Disease 
Research, University of North Texas Health Science 
Center, 3500 Camp 

Bowie, Fort Worth, TX 76107 
Previous studies in our laboratory on the effects of in old 
mice have demonstrated that short-term caloric restric- 
tion can reverse oxidative damage accumulation and 
improve psychomotor performance of old mice. Based 
on these observations, we decided (i) to further investi- 
gate the effects of short-term caloric restriction on the 
levels of oxidative damage in mitochondria, (ii) to deter- 
mine whether short-term antioxidant therapy would ex- 
hibit the same effects as caloric restriction. Vitamin E, a- 
lipoic acid and coenzyme Q10 (CoQ10) were studied 
alone or in combination in C57BL/6 mice and in Sprague- 
Dawley rats. The results indicated a significant aug- 
mentation of the endogenous levels of the antioxidants 
in various tissue homogenates and mitochondria in both 
species. The different treatments with antioxidants ex- 
hibited no effect on oxidative stress measurements. On 
the other hand, short-term caloric restriction demon- 
strated a significant decrease of protein oxidative dam- 
age in brain mitochondria. Behavioral assessments 
revealed a significant improvement in the discriminative 
avoidance task for the supplementation combining a- 
tocopherol and CoQIO, whereas other treatments did 
not have effects on discriminative avoidance or on other 
cognitive and psychomotor tasks. Thus, individually, 
the various antioxidant treatments led to significant 
increases of their endogenous concentrations in old 
mice, but failed to improve the cognitive and psychomo- 
tor functions of these animals and did not reverse the 
accumulation of oxidative damage. However, the im- 
provement in cognition found in the ~.-tccopherol + 
CoQIO study suggested the possibility of a synergistic 
action of the antioxidants to improve brain function 
during aging. 

71. 
INTERMITTENT FASTING AND DIETARY 
SUPLLEMENTATION WITH 2-DEOXY-D-GLUCOSE 
IMPROVE CARDIOVASCULAR AND NEUROENDO- 
CRINE RESPONSES TO STRESS 
R. Wan ~P). S. Camandola. and M. P. Mattson Labo- 
ratory of Neurosciences, National Institute on Aging 
Gerontology Research Center, 5600 Nathan Shock 
Drive, Baltimore, MD 21224. 
The present study examined the effects of reduced 
levels of energy intake and bioavailability on cardiovas- 
cular and neuroendocrine responses to stress. Energy 
restriction was induced by either intermittent fasting (IF, 
every other day feeding regimen) or dietary supple- 
mentation with the non-metabolic glucose analogue, 2- 
deoxy-D-glucose (2-DG), for 6 months. Adult male 
Sprague-Dawley rats were implanted with radiotelem- 
etry probes that allow monitoring of arterial blood pres- 
sure (BP), heart rate (HR), core body temperature (BT), 
and general activity (GA). Blood samples from animals 
were analyzed to determine the effects of the diets on 
stress-responsive neuroendocrine systems and glu- 
cose metabolism. IF rats exhibited significant de- 
creases in basal HR and BP, which were evident on 
both fasting and non-fasting days. Basal BT was 
decreased on fasting days, but not on non-fasting 
days. 2-DG rats showed significant decrease in basal 
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BP with minimal influences on other physiological pa- 
rameters. In response to a single 1 h immobilization 
stress, the magnitudes of stress-induced increases in 
HR, BP, and GA in IF rats were significantly reduced 
compared to those in ad libitum (AL) control rats. In 
response to repeated daily immobilization stress ses- 
sions, IF rats exhibited not only a significant reduction 
of magnitude in stress-induced physiological responses 
but also a fast adaptation during and post-stress peri- 
ods. In response to a cold water swim stress, IF rats 
exhibited a full behavioral response and a reduced 
magnitude of cardiovascular responses. The effects of 
2-DG on physiological responses to various stresses 
were intermediate to those of groups IF and AL. The 
effects of IF and 2-DG on hormonal alterations were 
similar: the basal levels of glucose and insulin were 
decreased, whereas ACTH and corticosterone were 
increased compared to AL rats. Immobilization and 
cold Water swim stresses generally increased levels of 
ACTH, corticosterone and epinephrine, except that the 
levels of those hormones were decreased after expo- 
sure to repeated immobilization in diet-restricted rats, 
particularly in the IF rats. These findings suggest that 
energy restriction induces a mild stress response which 
may optimize a number of functions over a long period. 
We conclude that improvements in cardiovascular risk 
factors and cardiovascular and neuroendocrine stress 
adaptation occur in response to energy-resticted diets. 

72. 
EFFECTS OF AGING AND CALORIE RESTRICTION 
ON OBJECT DISCRIMINATION AND REVERSAL 
LEARNING IN RHESUS AND SQUIRREL MONKEYS 
Jennifer Youngl(p), Anne Janas 2, Julie Mattison 2, Mark 
Lane 2, George Roth 2, Donald Ingram 2 ~Charles River 
Laboratories, 9000 Rockville Pike, Bldg 14A, Bethesda, 
MD 20892; 2Laboratory of Experimental Gerontology, 
Intramural Research Program, National Institute on 
Aging (NIA), NIH, 5600 Nathan Shock Drive, Baltimore, 
MD 21224 
Beginning in 1987 the NIA has conducted a longitudinal 
study of aging and calorie restriction (CR) in two nonhu- 
man primate species (Macaca mulatta) and squirrel 
monkeys (SamirisciureusandSamiriboliviensis). CR 
is the only intervention consistently demonstrated to 
increase lifespan, reduce the incidence and onset of 
age-related chronic disease, increase protection against 
stress and toxicity, and attenuate age-related decline in 
many physiological functions in laboratory animals. 
Evidence emerging from the NIA study and a similar 
study at the University of Wisconsin has suggested that 
CR can also retard many aspects of aging in species 
closely related to humans. Control monkeys in the NIA 
study have been provided a highly nutritious diet while 
monkeys on CR have had their intake of this diet 
reduced 30 percent from the level of comparable aged 
controls. Monkeys were introduced to the study at 
different stages in the lifespan, including juvenile, adult, 
and aged groups of monkeys. A major objective in the 
NIA study is to assess the effects of long-term CR on 
brain and behavioral function. To this end, we present 
results outlining age and CR effects on performance in 

two simple learning tasks, two-object discrimination (2- 
OD) and two-object reversal (2-OR). The objects are 
presented on a tray attached to the home cage of the 
monkeys. To make a response, the monkey must 
reach out of the cage to displace an object on the tray 
and retrieve a food reward located under the object 
designated as the correct object. If the monkey dis- 
placed the wrong object, then it was not permitted to 
retrieve the reward. In 2-OR testing, the reward was 
placed under the object that had not been rewarded in 
2-OD testing. Performance was measured as the 
number of errors made prior to achieving a criterion. In 
two rounds of 2-OD and 2-OR testing using different 
objects for each round, a significant age-related decline 
(10-31 years) in performance was observed in both 
male and female rhesus monkeys in the control group 
except in first round of 2-OD testing in females. During 
one round of testing, the performance of control male 
squirrel monkeys in the 2-OD showed a nonsignificant 
age-related increase across a narrow age range (17-24 
years) but showed nonsignificant decrease with age in 
the 2-OR test. When monkeys of comparable ages in 
the control and CR groups were compared in perfor- 
mance, we found no significant effects of diet in either 
species. The learning tasks described here are initial 
steps in a training program progressing toward a more 
complex task, the delayed matching-to-sample task 
(DMS) for assessment of memory. The lack of diet 
effects on performance in these simple learning tasks 
will permit assessment of memory that should prove 
unconfounded by any diet effects on noncognitive per- 
formance variables, including motivation for food. 

73. 
CELL CYCLE ACTIVATION MEDIATES NEURONAL 
DEATH INDUCED BY DNA DAMAGE. 
I. I. Kruman 1, R. P. Wersto ~, R. G. Cutler 1, R. Emokpae 1 
and M. P. MattsonL 
Laboratory of Neurosciences and 2Reseamh Resources 

Branch, National Institute on Aging Gerontology Re- 
search Center, Baltimore, MD 21224, 
Increasing evidence indicates that neurodegeneration 
involves the activation of cell cycle machinery in 
postmitotic neurons. Recently, evidence of DNA 
replication in neurons in the brains of patients with 
Alzheimer's disease and in cultured cortical neurons 
exposed to amyloid b-peptide has been reported. 
However, the role of cell cycle-associated events in 
neuronal apoptosis is still unclear. We therefore tested 
the hypothesis that cell cycle activation and DNA rep- 
lication are critical components of the mechanism in- 
volved in DNA damage-induced neuronal cell death. 
Different DNA damaging compounds (etoposide, meth- 
otrexate and homocysteine) induced DNA replication in 
cortical neurons which preceded cell death. In con- 
trast, staurosporine and colchicine induced neither 
DNA damage nor cell cycle activation in the neurons, 
although both agents induced apoptosis. Caffeine, a 
blocker of ataxia telangiectasia mutated (ATM), a proxi- 
mal component of DNA damage induced cell cycle 
check point pathways, blocked both apoptosis and cell 
cycle activation in neurons exposed to DNA damaging 
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agents. Caffeine did not prevent apoptosis induced by 
staurosporine or colchicine. Our data suggest that the 
cell cycle activation is an obligatory step in the apoptotic 
pathway activated by DNA damage in postmitotic neu- 
rons. 
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