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Aging, Oxidative Stress and 

Alzheimerõs Disease 
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Introduction 

 

The worldôs population is growing, growing 

older. Life expectance in the industrialized 

countries, during the 20
th
 century has increased 

by 50%.   For example, life span in the USA 

averaged about 50 years in 1900. By 2000 

average lifespan had reached 75 years.  A fifty 

percent increase in life expectancy in one 

century. An even more dramatic increase in life 

expectancy will be seen in the less economically 

developed countries during the 21
st
 century.  In 

these areas,  it is estimated that life expectancy 

will increase by 50 percent in fifty years.  As 

the world ages, the number of people with 

age-associated diseases, cardiovascular disease, 

cancer and neurodegenerative disease will 

increase in both absolute and relative terms.  

 

Decades of medical research have led to 

therapies that decrease the progression of 

cardiovascular disease and cancer.  Less 

research has been dedicated to Alzheimerôs 

disease (AD) in part because age-associated 

cognitive loss had been considered a ñnormalò 

part of aging and termed ñsenileò dementia.  

Now, age-associated dementia is recognized to  

be caused by a small number of neurodegenerative 

diseases.  By far, the most common is AD that 

increases rapidly after the age of 65 years of age.  

Thus, 1% of 65 year old persons suffer with AD 

and this percent increases exponentially so that 40 

to 50% of 85 year old persons have AD. Today, 

there is no therapy that has been proven to affect 

the progression of AD. However, evidence is 

accumulating that anti-oxidant therapy, by 

neutralizing free radical-induced brain damage, 

has the potential to be an effective therapy to 

prevent and/or treat AD.   

Aging and free radical  

damage in AD  

 

It is now nearly 50 years since Harman proposed 

the free radical theory of aging.  This hypothesis 

suggests than an imbalance between free radical 

production and destruction leads to aging and the 

disease associated with aging. Free radicals are 

unstable and highly reactive atoms or molecules 

with an unpaired electron in their outermost orbit. 

Free radicals oxidize and,  thereby, impair the 

function of lipids, proteins and DNA. Oxidative 

stress occurs when the free radical overwhelm 

anti-oxidant reserve.  

 

It is now clear that several neurodegenerative 

diseases are associated with oxidative stress that  
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causes molecular damage. 

 

Reports from many laboratories support the view 

that free radical mediated damage is present in the 

brain of patients with AD. Of course, this 

association does not distinguish between two 

possibilities: oxidative damage leading to AD or 

oxidative damage resulting from AD.  Thus, the 

real question is whether oxidative damage is a 

cause or a consequence of AD.  If oxidative 

damage were a cause, leading to the onset and 

progression of AD, anti-oxidant therapy by 

neutralizing free radical oxidative damage could be 

a cornerstone of AD therapy.   

 

Two approaches to test the free radical theory of 

AD have been taken.  The first has been to treat 

AD patients or animal models of AD with 

anti-oxidants in order to neutralize free radicals 

overproduction. The second has been to inhibit 

production of free-radicals by inactivating the 

molecular pathways that produce free-radicals. 

Evidence consistent will be reviewed that 

free-radical damage occurs in AD and that 

re-establishing the balance of free radical 

production and destruction will limit the 

development and progression of AD.   

 

 

Free radical damage demonstrated before 

and after the development of AD  

 

 
 The brain is particularly vulnerable to free radical 

damage because of its low content of anti-oxidants, 

high rate of oxygen-based metabolism, the high 

content of polyunsaturated fatty acids in the neuron 

membranes susceptible to oxidative damage, and 

the high level of transition metals that catalyze the 

formation of reactive hydroxyl radicals. Within the 

brain there are regional differences in free radical 

damage.  For example, the cerebellum but not the 

cortex expresses glutathione transferase produces 

glutathione that can neutralize free 

radical-induction of  neurotoxic products of lipid 

peroxidation, e.g. 4-hydroxyl nonenal and acrolein.  

This may explain why amyloid plaques, the  

 

 

 hallmark of AD, develop in the cortex but not in 

the cerebellum.  

 

Evidence of free-radical damage can be detected 

before the development of AD.  Thus, the 

presence of oxidative stress measured by high 

TBARS predicted an increased risk of cognitive 

decline in healthy elderly subjects. Furthermore, 

increased level of oxidative stress was reported 

in patients with both mild cognitive impairment 

(MCI) and AD as evidenced by low plasma and 

urinary vitamin A, C and E and by increased 8,12 

iso-iPF2alpha-VI  in the cerebrospinal fluid 

(CSF), a sensitive marker of lipid peroxidation in 

vivo.   

 

Furthermore, post-mortem chemical analysis of 

the brain in AD reveals damage to lipids, 

proteins, and DNA. Some products of lipid 

peroxidation are neurotoxic other aldehydic 

by-products of lipid peroxidation, including 

malondialdehyde and alpha-beta unsaturated 

aldehydes, can  react with nucleophiles 

including sulfhydryl groups of cysteine, 

histidine, and lysine thereby damaging proteins.  

Free-radical-mediated oxidative damage also 

damages DNA and is commonly measured by an 

increase in 8-hydroxy-2ô-deoxyguanosine. 

 

 

Mechanism of free radical damage in 

brains of patients with AD  

 

 
 Tyrosine nitration, resulting from the action of 

inducible nitric oxide synthase (iNOS) is one of 

the earliest markers of free radical damage in the 

AD brain. The brain of AD patients has been 

shown to have increased levels of iNOS and Cox 

2 enzymes that produce reactive nitrogen or 

oxygen free radicals, respectively.  Of particular 

interest is the recent evidence that deposition of 

amyloid beta peptide (Aɓ) within the brain of 

patients with AD can increase both nitrogen and 

oxygen free radicals in vitro.  Thus, Aɓ cultured 

with glial cells induces the expression of 

NADPH oxidase and iNOS.  This suggests that  
 

 



 

 

 

 

 

 a vicious circle may develop in AD with free 

radicals inducing Aɓ deposits, which in turn induce 

additional free radical production.  

 

 

Peripheral markers of free -radical damage 

in the brain of patients with AD  

 
 The identification of free-radical damage within the 

brain of patients with AD is consistent with the 

hypothesis that anti-oxidant therapy has the 

potential role in the treatment of AD.  However, as 

brain tissue is not available in living AD patients, 

surrogate markers of free radical brain damage in 

the CSF, blood or urine  must be used to monitor 

the potential benefits of anti-oxidant  therapies in 

AD patients.  

 

Cerebrospinal fluid (CSF) 

 
 Lipid peroxidation leads to isoprostanes.  In 

addition, to elevation of isoprostane levels in the 

brain of patients with AD, total isoprostanes have 

also been reported to be elevated in plasma in 

patients with AD.  Further studies have shown that 

elevations of a specific isoprostane (8, 12 

isoiPE2alpha-VI), reflecting brain damage, are 

found in urine, CSF and blood from patients with 

probable AD.   

 

DNA damage results in strand breaks as well as the 

increase in oxidatively modified nucleosides. The 

most studied evidence of modified nucleosides is 

the increase in 8-hydroxy-2ô-deoxyguanosine that 

results from hydroxyl attack on deoxyguanosine.  

Elevation of 8-hydroxy-2ô-deoxyguanosine levels 

have been reported in CSF from patients with AD.    

 
 Blood 

 

Increased levels of DNA strand breaks and 

8-hydroxy-2ô-deoxyguanosine have been 

documented in blood lymphocytes from patients 

with AD.  Such assays are the most convenient 

methods to documented free radical damage in 

patients with AD and to measure the response to 

anti-oxidative therapy in AD.    

 
 

Means of limiting free radical damage  

in patients with AD   

and murine models of AD  

 
 Epidemiological studies suggest that the 

prevalence of AD in chronic users of 

non-steroidal anti-inflammatory (NSAID) drugs.  

One possible explanation for this observation is 

the capacity of NSAID to block 

cyclo-oxygenase-generation of reactive oxidative 

molecules.  Recently, it has been shown that a 

subset of NSAIDs can reduce the production of 

Aɓ by neural cells in vitro.  This effect was 

related to their capacity to decrease gamma 

secretase,  an enzyme that generate Aɓ from the 

amyloid precursor protein (APP).  These drugs 

can reduce Aɓ levels in APP-transgenic mouse 

models of AD.   

 

 Studies have shown that vitamin E decreases 

Aɓ-induced neurotoxicity in vitro although a 

recent study found that vitamin E treatment of 

patients with mild cognitive impairment (MCI) 

did not delay the progression of patients with 

MCI to AD.  However, other studies reported 

that the combination of vitamin E and vitamin C 

given did reduce lipid peroxidation measured in 

the  CSF of patients with AD.   

 

 The most dramatic evidence of the beneficial 

effect that blocking free radical generation has 

recently been reported.  In these studies, 

APP-tg-mice were bred to nitric-oxide synthase 

(iNOS)-deficient mice.  In this mutant, human 

APP-transgenic and iNOS-deficient mice did not 

produce iNOS or tyrosine nitration. Furthermore, 

in these animal models of AD, cerebral Aɓ 

plaque number and Aɓ load was markedly 

reduced.  

 

Conclusions 

 
 Considerable evidence has been obtained that 

free-radical damage is evident in patients with 

AD.  Preliminary evidence suggests that 

anti-oxidants that reduce free radical stress can 

limit oxidative damage and may limit the  



 

 

 

 

 

 

 

generation of Aɓ that would be expected to delay 

the development and/or the progression of AD.  

Finally, animal studies suggest that gene therapy 

directed at suppressing the expression of iNOS may 

prevent the generation of cerebral Aɓ plaques. 

 

The availability of means to measure free radical 

damage in patients with MCI or AD is now 

available.  Thus,  the two most promising 

therapeutic means of preventing free radical 

damage ï anti-oxidant administration  or gene 

therapy directed at the enzymes responsible for the 

synthesis of reactive oxygen or nitrogen species -  

can be documented in patients with MCI or AD 

using surrogate markers of free radical brain 

damage that appear in the CSF and/or the blood.  
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FERMENTED PAPAYA PREPARATION, 

DIETARY ANTIOXIDANTS AND 

NEUROPROTECTIVE POTENTIALS  

  

Okezie I Aruoma  

Free radicals are formed from molecules by 

breaking a bound such that each fragment keeps 

one electron (free radicals may also be formed by 

collision of the non radical species by a reaction 

between a radical and a molecule -which must then 

result in a radical since the total number of electron 

is odd), by cleavage of a radical to give another 

radical and, by oxidation or reduction reactions. 

Aerobic organisms, including man, animals, and 

plants, are constantly challenged by reactive 

nitrogen species (RNS) and reactive oxygen species 

(ROS). These are either synthesized endogenously,  

 

e.g. in energy metabolism and by the immune 

defence system of the body, or produced as 

reactions to exogenous exposures such as cigarettes 

smoking, imbalanced diet, exhaustive exercise, 

environmental pollutants and food contaminants. 

Inflammation, cellular and redox signalling 

mechanisms are now widely recognized to play 

major roles in the pathophysiology of numerous 

disease states (Figure 1).  

 

 

 

 

Figure1. Some clinical conditions in which roles for free radicals 

and cellular redox mechanism have ben implicated.  

 

 

Strategies for the intervention and prevention of 

cancers, diabetes, cardiovascular disease, 

HIV/AIDS and diseases of overt inflammation 

including neurodegenerative diseases (Alzheimerôs 

and Parkinsonôs disease) requires an understanding 

of the basic molecular mechanism(s) by 

prophylactic agents (dietary antioxidant factors 

from food plants and medicinal plants in this 

context) that may potentially prevent or reverse the 

promotion or progression of the diseases. This is 

the starting point in defining the prophylactic 

potentials of fermented papaya preparation (FPP). 

Intricate and diverse defence systems exist in vivo. 

Indeed as illustratedin Figure 2, antioxidant 

protection are afforded by the antioxidant enzymes 

superoxide dismutase, catalase and glutathione. 

These are complemented by the low molecular 

weight antioxidants, some endogenously produced 

(e.g. glutathione, NADH, carnosine, uric acid, 

melatonin, Ŭ-lipoic aicd, bilirubin) and some 

derived through dietary intake (ascorbic acid,  

 



 

Figure 2 Commplex network of antioxidants [From Aruoma (1994). Nutrition 
and health aspects of free radicals and antioxidants. Food and Chemical 
Toxicology 32: 671-685).  

 

 

 

 
tocopherols, ergothioneine, carotenoids, 

quinones, phenolics etc) and as suggested in this 

paper, FPP can augment the endogenous 

antioxidant defences and help to maintain 

homeostatsis. 

 

NEURODEGENERATIVE DISORDERS  

Approximately 15% of the population over age 

65 years are afflicted with Alzheimerôs disease 

(AD) and 1% by Parkinsonôs disease (PD). 

Neurodegenerative disorders are associated with 

various degrees of behavioural impairments that 

significantly decrease the quality of life (Figure 

3). 

 

The brain may be particularly vulnerable to ROS, 

in part for the following reasons [1] the brain 

consumes approximately 20% of the total body 

oxygen but comprises less than 2% of total body 

weight, [2] the brain contains high levels of 

unsaturated fatty acids, the brain may have 

reduced endogenous antioxidants, the brain has 

limited capacity for regeneration, [3] iron 

accumulates in brain-specific regions (i.e., red  

 

nucleus, substantia nigra pars reticularis, globus 

pallidus) and [4] iron-binding proteins (ferritin) may 

be relatively deficient in the brain, so the high 

concentrations of ascorbic acid may present a 

prooxidant environment given the diminished 

antioxidant defences. 

 

Brain function is as important to the adult humans as 

it is to the newborns. The consequences of perinatal 

brain damage will stay with an individual for their 

whole lifespan yet there are no effective protective or 

restorative treatments currently in routine clinical 

use. Protecting the brain of human newborns is a 

health care priority as no efficient treatment is 

available today. The pathophysiology of perinatal 

brain lesions is multifactorial, generating more than 

one potential target for neuroprotection. One key 

safety issue for potential neuroprotective strategies in 

newborns is the demonstration of the lack of 

interference with normal brain development. 

Emerging experimental data appear to identify 

several candidate molecules or regimens for perinatal 

neuroprotection. These include magnesium sulfate, 

hypothermia, Topiramate, Tianeptine, BDNF 

(brain-derived neurotrophic factor), IGF-1 

(insulin-like growth factor I) and melatonin.  

 

Figure 3. Communication networks of the central nervous system. Information, 
in the form of nerve impulses, travels to and from the brain along the spinal 
cord. This allows the brain to monitor and regulate unconscious body 
processes, such as digestion and breathing and to coordinate most voluntary 
movements of the body. It is 7 
lso the site of consciousness, allowing thinking, learning and creativity. Thus 
the disbalance of the integrated co-ordination and control, sensory input and 
motor motor output can amount to brain dysfunction. 



 

I would place FPP as a potential candidate for 

neuroprotection in the newborn. Indeed as argued 

by Gressens and Spedding, there is an unmet 

medical need and much has been learnt recently 

from animal studies that point us in the direction 

of potential treatment strategies, yet little has 

made its way into clinical research. The main 

reason for this is the understandable reluctance to 

put neonates at risk in clinical trials on untested 

drugs. The problem is compounded by the lack of 

effective treatment for brain damage in adults, 

such that the normal progression from adult to 

paediatric use once safety has been addressed. The 

strategy for neuroprotection in the newborn has 

been reviewd by Gressens and Spedding in an 

article in Drug Discover Today: Therapeutic 

Strategies 1: 77-82 (2004)]. 

ALZHEIMERõS (AD) AND 

PARKINSONõS DISEASE (PD) 

The disease AD is a progressive degenerative 

brain disease and is the commonest cause of adult 

onset dementia. There are deficits in cognitive 

function that cause amnesia (loss of memory), 

aphasia (impairment of language), apraxia 

(inability to do motor tasks despite intact motor 

function), and agnosia (inability to recognise, 

despite intact sensory functions). Psychiatric 

symptoms and behavioural disturbances become 

apparent, such as depression, personality change, 

delusions, hallucinations and misidentifications.  

Patients tend to have difficulties with activities of 

daily living manifest early in the disease, and 

affect functions such as handling money, use of 

the telephone, and driving, and later, difficulties 

with dressing, feeding and toileting.  Patients 

eventually lose interest in their surroundings and 

become confined to wheelchair or bed. The final 

stages of the disease, marked by mental emptiness 

and loss of control of all body functions, may not 

occur until 5-10 years after onset. The major 

microscopic alterations in AD are senile plaques 

(SP) and neurofibrillary tangles (NFT) formation, 

selective neuronal loss and shrinkage, neuropil 

thread formation, synapse loss, and amyloid 

angiopathy. NFT and SP represent an 

accumulation of intraneuronal and extracellular 

filamentous protein aggregates. 

Hyperphosphorylated tau is the major protein in  

NFT. Amyloid ɓ peptide, derived from the 

amyloid precursor protein (APP), is the major 

protein in SP and amyloid angiopathy. 

The AD brain is also characterized by neuronal 

cell loss and changes in neuronal morphology. 

This is reflected by a decreased brain weight and 

by atrophy of the cortex. Neuronal loss is most 

notable in the hippocampus, frontal, parietal, and 

anterior temporal cortices, amygdala, and the 

olfactory system. Neuronal cell loss occurs in the 

nucleus basalis, a large cholinergic system at the 

base of the forebrain and this may accounts for the 

severe cholinergic deficiency in the cortex of AD 

patients.  The cell loss that is likely in the locus 

ceruleus may also account for the reduction in 

brain level of norepinephrine AD patients.  In the 

hippocampus the most prominent zones that are 

affected are the CA1 region, the subiculum, and 

the entorhinal cortex. The entorhinal cortex 

receives major innervation from the neocortex, 

basal forebrain, and amygdale (see Figure 5).   

The large neurons of the entorhinal cortex (layer 

II), which project to the subiculum and the dentate 

gyrus by means of the perforant pathway, are 

prominent sites of tangle formation in AD. The 

major hippocampal output ï to mammillary 

bodies, hypothalamus, and dorsomedial thalamus 

ï arises from axons of the pyramidal cells which 

exit the hippocampus via the fornix.  Thus, 

severe pathology occurs in those neuronal 

populations that receive input to the hippocampus 

or provide hippocampal efferents.  The limbic 

system including the olfactory bulbs, olfactory 

cortices, amygdala, cingulate gyrus, and 

hypothalamus may also be affected and this may 

explain some of the abnormal behavioural 

characteristics of some AD patients. Interestingly, 

the vulnerable brain regions in HIV/AIDS 

individuals include the denta nucleus in the 

cerebellum, the red nucleus and substantia nigra in 

the mid-brain, the subthalamic nucleus and 

thalamic fasciculus in the diencephalons and the 

globus pallidus and striatum (or neostriatum, 

which consists of caudate and putamen) in the 

forebrain. It is easy to see why lesions in these 

regions may lead to progressive dementia, which 

is similar to what is observed in AD and PD.  

 



 

ANTIOXIDANTS AS PROPHYLACTIC 

AGENTS IN THE MANAGEMENT OF 

NEURODEGENERATIVE DISEASES  

Given that reactive oxygen and nitrogen species 

(ROS and RNS respectively) generated by 

infiltrated neutrophils into distant organs act 

directly as noxious agents reacting with molecular 

components, thereby enhancing inflammatory 

processes and therefore influencing cell viability, 

ROS and RNS have become potential therapeutic 

targets for prophylactic biofactors such as FPP. 

There is no set treatment for the reversing or 

halting neuronal degeneration in AD. The FDA 

approved use of cholinesterase inhibitors 

(anticholinesterase drugs in clinical practice- 

donepezil, rivastigmine, and galantamine), which 

have demonstrate limited palliative value. There is 

interest in the use of antioxidants (e.g. phenolics) 

as potential therapeutic strategy.  Markers of 

oxidative stress represent an early indicator of 

oxidative stress in AD susceptible neurons, often 

appearing before any other pathology is 

detectable, antioxidants therapies are thus a 

promising avenue for treatment.  A study that 

involved the administration over a 2 year period of 

the trivalent iron-chelating agent, desferrioxamine, 

slowed the clinical development of AD. The 

therapeutic importance is directed to the removal 

of iron and possibly inhibition of ROS formation. 

The beneficial effects of vitamin E (Ŭ-tocopherol), 

selegiline (MAO B inhibitor), and Ginkgo biloba 

(Egb 761) have been suggested. For example, 

Sano et al found that Ŭ-tocopherol and selegiline 

tested in 324 patients with moderately severe AD. 

There was no significant improvement on 

cognitive tests but they did observe significant 

delays in the time of the following occurrences: 

death, institutionalisation, loss of the ability to 

perform basic activities of daily living, and severe 

dementia.  

 

Dementia is a syndromic manifestation typical but 

not exclusive of aging, characterized by memory 

loss and impairment of at least another cognitive 

function at such extent to significantly affect daily 

life style with a progressive loss of autonomy and 

the social role. In association to cognitive 

functions impairment, psychopathological and 

behavioural disorders often referred to as 

behavioural and psychological symptoms in 

dementia can occur before or after clinical 

manifestation of the cognitive disorder. The 

potential relationship between normal cognitive 

function and dementia and how these could equate 

with pathologic burden (Figure 6) such as 

progressive aging, Alzheimerôs disease, 

Parkinsonôs diseases and stroke is projected.  

 

Current research interest embraces the search for 

neuroprotectants and cognitive enhancers with 

translation research of public health concern. This 

is particularly relevant to FPP where current 

research is aimed at establishing the ablity of this 

dietary factor to modulate the potential cognitive 

decline in Alzheimerôs disease and in 

neurodegerative  

conditions as a whole. To this end, the work of 

Professor Migliore of the University of Pisa has 

established a potential link between oxidative 

DNA damage and cognitive impairment hence this 

biomarker will be used to assess the ability of FPP 

to modulate mild cognitive impairment in 

Alzheimerôs diseases. Aruoma et al in a paper 

published in Biofactors have shown that FPP can 

modulate oxidative injury supporting the view of 

its prophylactic potentials in neurodegenerative 

diseases and in particular diseases of overt 

inflammation. 

 

A sustained inflammatory reaction is present in 

acute (e.g. stroke) and chronic (e.g. Alzheimer's 

disease, Parkinson's disease and multiple 

sclerosis) neurodegenerative disorders. 

Inflammation, which is fostered by both 

residential glial cells and blood-circulating cells 

that infiltrate the diseased brain, probably starts as 

a time- and site-specific defence mechanism that 

could later evolve into a destructive and 

uncontrolled reaction.  

 

Human lacks the enzyme L-gulono-ɔ-lactone 

oxidase which is necessary for biosynthesis of 

vitamin C, ascorbate, and therefore must obtain 

ascorbate from dietary sources.  Ascorbate is a 

water-soluble antioxidant present primarily as a 

monovalent anion at physiological pH.  

Ascorbate soluble in the aqueous phase can reduce 

the tocopheryl radical, formed when vitamin E 

scavenges a lipid radical within the membrane 

(see Figure 2).  Plasma ascorbate levels have 

been found to be decreased in AD patients as 

compared to control patients, in levels 

corresponding to dementia.  

 



 

Ca
2+

 influx, which represents the last step in cell 

death cascade. These properties, couple with the 

anti-inflammatory properties attributed to some 

phenolics, renders this class of compounds suitable 

for application where oxidative stress, together with 

inflammation and antioxidant defence depletion 

take place, such as AD. 

 

The ginkgo extracts that are currently used for 

medicinal purposes contain 24% flavonoids and 6% 

terpenoids. The antioxidant effects of flavonoids 

combined with the anti-inflammatory properties of 

the terpenoids bilobalide and ginkgolides A, B, C, 

M and J, terpenoids antagonists of 

platelet-activating factor (PAF), make these natural 

extracts plausible to use in AD, characterized by 

both oxidative damage and inflammation.  Tea is 

widely advocated as beneficial prophylactic agents 

from the standpoint that antioxidant phenolics are 

highly abundant in tea leaves. The main flavonoids 

present in green tea are catechins, in particular 

epigallocatechin gallate (EGCG), in the amount of 

30-130 mg per cup of tea.  Tea catechins have 

been shown to possess anticarcinogenic, antiallergic 

and antiapoptotic properties. In hippocampal 

neurons, tea phenolics show a protective effect 

against ischemic insult, while neurotoxicity induced 

by Aɓ (1-42), whose deposition in the brain 

accompanies neuronal loss in AD, was attenuated in 

the presence of EGCG.    

Studies involving tea phenolics found that 

intracisternal injection of epicatechin improved 

memory impairment induced by intracisternal 

glucose oxidase. The flavonoids contained in 

blueberries, mainly anthocyanins, have been 

extensively studied in vitro and in vivo to assess 

their action in several pathologies.  In aged rats, 

blueberry extracts were effective in reversing 

age-related decline with cognitive, motor and 

neuronal effects.  That phenolics can enhance red 

blood cell resistance to oxidative stress in vitro and 

in vivo, supporting the idea of a protective role of 

these substances in ROS-mediated, age-related 

neurological decline. I envisage that 

co-supplementation with FPP would enhance the 

therapeutic window of the use of flavnoids and 

proanthocyanidin oligomers from fruit extracts in 

disease management.  

 

The synergistic vitamins C and E were chosen in a 

study in which 400 IU vitamin E and 1000 mg 

vitamin C were given daily to patients. The 

combination of vitamin E and C increased vitamin 

E and C levels in the plasma and CSF, making CSF 

and plasma lipoproteins less susceptible to in vitro 

oxidation.  The plasma and CSF of patients given 

only vitamin E were not protected against in vitro 

oxidation. This study highlights the concept of 

synergism between antioxidants, in this particular 

case between vitamin C and E. Aruoma has 

advocated that bioactive components in plant foods 

could possess that are complementary in a 

synergistic manner.  

 

Further, Ŭ-lipoic acid (LA) is a low molecular 

weight dithiol antioxidant that is an important 

co-factor in multienzyme complexes in the 

mitochondria.  LA is readily available from the 

diet, absorbed through the gut and easily passes 

through the blood-brain barrier.  In addition, LA is 

synthesised in the mitochondria of plants.  As an 

antioxidant, LA and its reduced form, dihydrolipoic 

acid (DHLA) are capable of quenching ROS and 

RNS and chelating metals such as Cd
2+

, Fe
3+

, Cu
2+

 

and Zn
2+

. LA has been suggested to interact with 

other antioxidants such as glutathione, ubiquinol, 

thioredoxin, vitamin C and indirectly with vitamin 

E, regenerating them to their reduced forms (see 

Figure 2). Studies appear to indicate that LA may 

improve behaviour and diminish markers of 

oxidative stress in rats fed a diet supplemented with 

LA. The synergy with FPP treatment can be 

envisaged. 

 

FLAVONOIDS AND PHENOLIC 

COMPOUNDS IN THE TREATMENT OF 

NEURODEGENERATIVE DISEASES  

 
The potential neuroprotective effects of phenolics 

against the neuronal deficits associated with aging 

or age-related neurodegenerative diseases is of 

increasing interest.  Cellular studies examining the 

potential mechanisms of neuroprotection by 

flavonoids in preventing neuronal cell death caused 

by oxidised low-density lipoprotein-induced 

oxidative stress have identified three different 

mechanisms: Flavonoids can prevent cell death 

after glutamate injury by scavenging ROS, 

maintaining the correct GSH levels and inhibiting  

 

 



 

A compound that is targeted for neuronal protection 

should be able to cross the highly selective blood brain 

barrier. In addition to boosting the endogenous 

antioxidant status, dietary phenolics can also potentiate 

cognitive function and memory. Figure 7 shows a 

strategy to facilitate definition of the prophylactic 

potentials of diet, nutritional/food supplements and 

medicinal plants and herbal extracts. Such research 

should be complemented with the development and 

validation of biological markers.  
Nitroxyl radicals are very useful as exogenous spin 

probes for measuring free radical distribution, oxygen 

concentration, and redox metabolism by in vivo ESR in 

biological systems. Given that the nitroxyl radicals lose 

their paramagnetism through a redox reaction when 

exposed to a reducing agent in biological systems, the 

signal decay rate of the nitroxyl radical gives evidence 

of free radical generation and changes of redox status in 

biological systems. 
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Supplementation of SHR rats with FPP significantly inhibited the 

increased decay rate constants of MC - PROXYL in the isolated SHR 

brain, suggesting that FPP reduced the o xidative stress in the SHR 

brain. FPP can modulate oxidative injury supporting the view that 

prophylactic potentials in neurodegenerative diseases and in 

particular diseases of overt inflammation. [From Aruoma et al (2006). 

Molecular effects of fermented p apaya preparation on oxidative 

damage, MAP Kinase activation and modulation of the 

bezo[a]pyrene mediated genotoxicity . Biofactors (in press)]  

 

 

This has led to the description of the technique 

involving the blood brain barrier (BBB)-permeable 

nitroxyl spin probe 

3-methoxycarbonyl-2,2,5,5-tetramethylpyrrolidine-1-ox

yl (MC-PROXYL) for the assessment of oxidative 

stress in the brain. The spontaneously hypertensive rat 

(SHR), a model of essential hypertension, has several 

characteristics of increased oxidative stress. The ability 

of FPP to modulate oxidative stress in the brain of 

spontaneously hypertensive rats (SHR) has been 

assessed using the MC-PROXYL -L-band ESR 

technique (Figure 8). Thus FPP has promise as a 

neuroprotective agent. Profesor Masaichi-Chang-il Lee 

and his colleagues at the Kanagawa Dental College, 

Kanagawa, Japan, are actively engaged in research 

using this technology to delineate the effect of FPP in 

the brain. 

Mitogen-activated protein kinases (MAPKs) are a 

family of serine/threonine protein kinases that mediate 

fundamental biological processes and cellular responses  

to external stress signals. Increased activity of 

MAPK, in particular p38 MAPK, and their 

involvement in the regulation of the synthesis of 

inflammation mediators at the level of transcription 

and translation, make them potential targets for 

anti-inflammatory therapeutics.  

The major enzymes belonging to this family are the 

extracellular signal regulating kinase 1/2 (ERK1/2 
or p44/42 MAPK), c-Jun N-terminal kinase (JNK), 

and p38 MAPK, which are activated in response to 

a variety of extracellular stimuli. p44/42 MAPK is 

predominantly activated by mitogens through a 

Ras/Raf/MEK signalling cascade leading to cell 

growth and survival. The JNK and p38 MAPK are 

preferentially activated by pro-inflammatory 

cytokines and oxidative stress resulting in cell 

differentiation and apoptosis. The inflammation 

mechanisms in Alzheimerôs disease and stroke have 

been postulated to be regulated in part by activation 

of the p38 pathway. The potential of FPP to regulate 

the phosphorylation status of ERK 1/2, Akt, and 

p38 has been analyzed by Western blot analysis. 

FPP showed the potential to modulate the 

H2O2-induced ERK, Akt and p38 activation with 

the reduction of p38 phosphorylation induced by 

H2O2 being more pronounced. However, these 

studies are continuing in order to clarify the 

concentration dependence of the effect of FPP. Use 

of MAPK inhibitors emerges as an attractive 

strategy because they are capable of reducing both 

the synthesis of pro-inflammatory cytokines and 

their signalling. FPP is particularly attractive as it 

can be administered orally, and has no toxicity.  

 

The outcome of ongoing clinical trials with FPP 

will help to unequivocally endorse the clinical 

benefits in patients with chronic inflammatory and 

neuroinflammatory diseases and for the 

management of degenerative aging, hence 

maintaining the fountains of youth in the older 

population. 
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« INFLAMMAGING  »  

and Redox regulation  : FPP role  

 
Intervention of F.Marotta  

 

ñInflammaging and redox regulationò 

 

Aging and chronic diseases have both oxidative and 

inflammatory manifestations which we have to 

counteract in order to avoid their deleterious 

consequences at a cellular and molecular level. 

These manifestations are widely  linked leading to a 

real  auto amplification vicious circle. This 

relationship had lead Professor C.Franceschi to 

propose in 1995 a immuno-senescence theory based 

on a study about Italian centenarians. Aging is 

distinguished by  a particular chronic inflammatory 

status which he propose to name ñInflammagingò, 

status which appear to be under genetic control and 

to the prejudice of longevity. 

Human immune-senescence is characterized by  

complex modifications where clonal immunity 

decrease when innate ancestral immunity is widely 

preserved. Immuno-inflammatory response  to 

continuous different environmental stresses lead to 

production of numerous mediators like 

pro-inflammatory cytokines as well as production of 

reactive oxygen species  which have 

auto-stimulating properties. 

In many chronic inflammatory syndromes , it is 

proved that oxidative stress by oxidative mediator  

production  either due to a diminution of 

antioxidative systems and /or  due to  a lack of 

essential antioxidative nutriments, is a factor 

generating  or at least contributing  to maintenance 

of immune and inflammatory response with 

dysfunction or destruction of cells. 

Inflammaging observed during aging is also 

responsible of a positive regulation of wide 

responses to molecular and cellular level stresses 

which lead to  molecular and cellular injure 

accumulation. 

Redox regulation control of organism is essential to 

limit deleterious effects  in chronic diseases as well 

as in aging. 

 

We will review  3 studies realized with FPP which 

have shown protection potential of this food 

supplement in different therapeutic schemas even 

by patients suffering from hepatitis C or for 

prevention of oxidative damages  by elderly 

people in good health. 

 

FPP Effects on inflammatory and oxidative 

damage in post hepatitis C cirrhosis  

 
Introduction  

The liver is one of
 
the most susceptible organs to 

oxidative-related cellular damage and DNA 

mutagenesis and oxidative stress has been 

implicated as a causative factor in alcoholic and 

non alcoholic liver disease.  In alcoholism there is 

an understandable link with ethanol metabolism 

due to the production of ROS such as superoxide 

and hydroxyl radicals.  For non alcoholic liver 

disease, a complex interplay between malnutrition, 

trace elements abnormalities, glutathione depletion 

and several virus-related cellular injuries are 

indicated ( 1 ). A key factor causing oxidative DNA 

damage is formation of hydroxyl radicals which can 

alter purine and pyrimidine bases and react with 

deoxyribose damaging the phosphodiester DNA 

structure. Oxidative-modification of pyrimidine 

and/or purine bases occurs through addition of 

hydroxyl radicals to the ˊ bonds of the bases, to the 

C5 and C6 of pyrimidines and to C4 and C8 of the 

purines. Stable oxidative damage products such as 

8-OHdG are molecular markers of pathology ( 2 ).  

Oxidative DNA damage, namely 8-OHdG 

generation, has been indicated as an early event in 

HCV infection and a marker of liver damage in 

patients. Persistent genomic changes are factors 

giving rise to carcinogenesis, as has also been 

suggested in patients undergoing chronic 

hemodialysis ( 3 ).  

Experimental studies using a non 

genetically-modified 

antioxidant/immuno-stimulating and 

NO-modulating fermented papaya preparation was  



 

described ( 4-6 ).    Fermented papaya 

preparations were found to posses highly 

protective antioxidant properties despite being 

devoid of any antioxidant vitamin as such ( 7-10 ) 

(table 1).Such studies have been followed by 

clinical investigations ( 11-15 ). In particular, 

recent gastroenterology studies ( 15 ) have 

demonstrated that FPP was able to significantly 

decrease the oxidative stress in gastric mucosa 

affected by longstanding chronic atrophic gastritis 

associated with metaplasia and importantly to curb 

the mucosal concentration of 8-OHdG. Moreover, 

it has been shown in patients with HCV-related 

chronic liver disease that high TNF-a levels are 

associated with the degree and progression of 

inflammation ( 16 ) while the concentration of the 

soluble TNF p75 receptor  seems to be linked to 

mortality ( 17 ). 

 

Design of study  

 
The aim of the present investigation was to test 

supplementation with vitamin E or the fermented 

papaya preparation in a group of patients with 

established HCV-related liver cirrhosis. 

The study group consisted of fifty patients (29 

males/21 females, mean age 62, age range 54-75) 

with Child A-C, genotype 1 HCV-related cirrhosis 

without having a history of ethanol consumption for 

the past 10 years. All patients had abnormal ALT 

levels but less than 80IU/L Patients were randomly 

allocated into 2 groups (25 patients each), previously 

matched with dietary intake, serum iron 

concentration and iron dietary intake (median: 

8.6mg/day, range: 6.9ï10.4mg/day) and body mass 

index.  At bedtime, they were supplemented (group 

A)  with alpha-tocopherol 900IU/day for 6 months 

or (group B) 9g/day of a FPP (Immun-Age®, made 

under ISO 9001 (production quality) and ISO 14001 

(environmental protection)  Osato Research 

Institute, Gifu, Japan).  

Patients have each month dosage of: redox 

status( glutathione, oxidized glutathione, GPx, 

MDA), alpha-tocopherol, 8OHdG in circulating 

leukocytes, DNA and cytokines level in serum. 

 

Results of study  

 
No significant weight change was observed.  GSSG 

serum level in patients with cirrhosis was 

comparable to healthy subjects (table 2) and 

remained unchanged by supplementation. However, 

as compared to healthy controls, reduced GSH and 

glutathione peroxidase was significantly lower in 

cirrhotic patients (p<0.05) and were comparably 

improved by either FPP or Vitamin E regimens 

(p<0.05). 

 In patients with cirrhosis, serum MDA levels were 

significantly higher (p<0.01 vs healthy control) and 

supplementation brought about a comparable partial 

improvement (p<0.05 vs baseline values). 

As compared to controls, patients with liver cirrhosis 

showed significantly higher accumulation of 8OHdG 

in circulating leukocytes (p<0.01, fig. 1). This 

impairment remained unchanged by a-tocopherol 

supplementation while it was partially and 

significantly improved in the FPP-supplemented 

group (p<0.05). Leukocyte DNA damage showed a 

correlation only with the age of patients, as an 

independent variable (table 3). Furthermore, patients 

with liver cirrhosis showed an elevated serum level 

of TNF-a and of its soluble p75 receptor (p<0.001 vs 

healthy controls, fig. 2), 

While vitamin E supplementation did not affect this 

abnormality, FPP supplementation significantly 

lowered their values (p<0.05). 

 



 

Discussion 

 
Oxidative Stress, DNA damage and Liver 

Disease.  

In the course of liver disease, chronic 

inflammatory events ( 18,19 ) and oxidative  

stress ( 20-22 ), can lead to DNA damage. 

Indeed, hepatocellular carcinoma frequently 

develops in patients with chronic hepatitis and 

liver cirrhosis and is considered as a part of the 

natural history and as an unavoidable event 

occurring at a rate of 10/10.000 cases. 



 

Many observations indicate a direct correlation 

between in vivo 8-OHdG accumulation and 

carcinogenesis ( 23 ). Hence measuring 8OHdG 

may be a useful biomarker for detecting liver injury 

of environmental origin ( 24 ) and in non-alcoholic 

fatty liver disease ( 25 ). On the other hand, it has 

been shown that, impaired redox status even in 

symptom-free HCV may represent a negative 

prognostic factor ( 26 ).  However, an abnormally 

high MDA has been linked with chromosomal 

breakage factors which has a potential 

carcinogenetic role ( 27 ). Interestingly, unlike 

vitamin E, FPP significantly reduced leukocyte 

8OHdG concentration.  Farinati et al. ( 28 ) has 

found that there is a significant correlation between 

8OHdG content of circulating leukocytes with 

levels in liver tissue and the same research group 

has also suggested that 8OHdG level in leukocytes 

is a reliable marker of the severity of liver disease 

( 1 ).  At the end of the study, FFP 

supplementation remarkably decreased leukocyte 

8OHdG  concentration of over 40%.  This effect 

was much greater than the 21% decrease of urinary 

80HdG excretion observed in human subjects after 

quitting smoking and which did not show further 

improvement at the end of the 26 week period of 

smoking cessation ( 29 ).  

 

Inflamma tory Cytokine Responses.  

 
It has been demonstrated in the course of 

HCV-related liver disease that hepatocellular
 

damage may be triggered by a number of 

immunological reactions occurring
 

at the cell 

surface ( 30 ) and TNF among them which. elicits 

further oxidative damage.
 
The actions of TNF-a are 

mediated by two separate TNF receptors, receptors
 

1 (p55) and 2 (p75) (TNFR1 and TNFR2)  ( 31 ).  

Quite recently there have been several reports 

suggesting a role of soluble tumor necrosis factor 

receptors in HCV-related liver diseases paralleling 

its severity and histological activity ( 32-34 ).  In 

particular, the concentration of the soluble p75 

receptor correlates with disease progression and 

mortality ( 17, 35 ). In our study, despite only a 

marginal hypertransaminsaemia, TNF-a and 

TNFR2 receptor were significantly elevated.  Both 

antioxidant regimens comparably  decreased 

TNF-a levels while TNFR2 was significantly 

lowered only with FPP supplementation. 

 

Another interfering factor might also be iron status 

and iron is likely to be involved in the HCV 

infection-hepatocarcinogenesis transformation. 

Indeed, it is likely that inflammatory-related 

cytokines, including
 
TNF-a, induced by hepatic 

inflammation would stimulate iron uptake via 

up-regulation of transferrin
 
receptor expression in 

hepatocytes ( 36 ).  In this regard, the 

cytokine-mitigating properties of FPP might be of 

potential benefit in such clinical setting.  

 

Conclusion 

 

Despite the therapeutic armamentarium has been 

enriched by new effective antiviral drugs and 

regimens in the last years, there are a substantial 

percentage of non-responders whose cirrhotic 

transformation cannot be prevented. Moreover, 

patients with established HCV-related cirrhosis are 

often not eligible for antiviral treatment.  

Although the ultimate therapeutic target is to 

eradicate HCV, antioxidant therapy might offer a 

worthwhile adjunctive tool, especially in long-term 

management of patients when several, yet to be 

fully unfolded, metabolic-nutritional abnormalities 

occur ( 37 ). Indeed, it has been suggested that the 

generation of ROS even at such low levels which 

are unable to bring about overt parenchymal cell 

death, when chronically occurring for long time, 

can
 
lead to accumulation of 8-OHdG in DNA ( 38 ) 

and such genomic abnormalities have been 

described even at a stage of chronic hepatitis 

( 28,39,40) 
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