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Introduction

The worl dés popul at i
older. Life expectance in the industrzdd
countries, during the 30century has increase
by 50%. For example, life span in the U¢
averaged about 50 years in 1900. By 2(
average lifespan had reached 75 years. Al
percent increase in life expectancy in o
century. An even more dramm@ increase in life
expectancy will be seen in the less economici
developed countries during the*2dentury. In
these areas, it is estimated that life expecta
will increase by 50 percent in fifty years. /
the world ages, the number of peoplathw
ageassociated diseases, cardiovascular dise
cancer and neurodegenerative disease

increase in both absolute and relative terms.

Decades of medical research have led
therapies that decrease the progression
cardiovascular disease and can Less
research has been d
disease (AD) in part because agsociated

"cognitive loss had b

part of aging and t
Now, ageassociated dementia is recognized to
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be caused by a snhalumber of neurodegenerativ
diseases. By far, the most common is AD t
increases rapidly after the age of 65 years of ¢
Thus, 1% of 65 year old persons suffer with /
and this percent increases exponentially so tha
to 50% of 85 year old perssrhaveAD. Today,
there is no therapthat has been proven to affe
the progression of AD.However, evidence it
accumulating that antixidant therapy, by
neutralizing free radicahduced brain damage
has the potential to be an effective therapy
prewvent and/or treat AD.

Aging and free radical
damage in AD

It is now nearly 50 years since Harman propo:
the free radical theory of aging. This hypothe
suggests than an imbalance between free rac
production and destruction leads to aging #mel
disease associated with aging. Free radicals
unstable and highly reactive atoms or molect
with an unpaired electron in their outermost orl
Free radicals oxidize and, thereby, impair |
function of lipids, proteins and DNA. Oxidativ
stress occurs when the free radical overwhe
antioxidant reserve.

It is now clear that several neurodegeneral
diseases are associated with oxidative stress tha
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causes molecular damage.

Reports from many laboratories support the vi
that free radicamediated damage is present in t
brain of patients with AD. Of course, th
association does not distinguish between 1
possibilities: oxidative damage leading to AD
oxidative damage resulting from AD. Thus, t
real question is whether oxidative dage is a
cause or a consequence of AD. If oxidati
damage were a cause, leading to the onset
progression of AD, antxidant therapy by
neutralizing free radical oxidative damage could
a cornerstone of AD therapy.

Two approaches to test the dreadical theory of
AD have been taken. The first has been to t
AD patients or animal models of AD wit
antioxidants in order to neutralize free radici
overproduction. The second has been to inh
production of fregadicals by inactivating the
molecular pathways that produce fexlicals.
Evidence consistent will be reviewed th
freeradical damage occurs in AD and th
re-establishing the balance of free radic
production and destruction will limit th
development and progression of AD.

Free radical damage demonstrated before
and after the development of AD

The brain is particularly vulnerable to free radic
damage because of its low content of-axidants,
high rate of oxygeibased metabolism, the hig
content of polyunsaturated fatacids in the neuror
membranes susceptible to oxidative damage,
the high level of transition metals that catalyze
formation of reactive hydroxyl radicals. Within tt
brain there are regional differences in free radi
damage. For example, therebellum but not the
cortex expresses glutathione transferase prod
glutathione that can neutralize fre
radicatinduction of neurotoxic products of lipi
peroxidation, e.g. -4hydroxyl nonenal and acroleir
This may explain why amyloid plaques, the

hallmark of AD, develop in the cortex but not
the cerebellum.

Evidence of fregadical damage can be detect
before the development of AD. Thus, tl
presence of oxidative stress measured by |
TBARS predicted an increased risk of cogniti
decline in healthy elderly subjects. Furthermao
increased level of oxidative stress was repol
in patients with both mild cognitive impairme!
(MCI) and AD as evidenced by low plasma a
urinary vitamin A, C and E and by increased 8
iso-iPF2alphaVl in the cerebrospinal fluic
(CSF), a sensitive marker of lipid peroxidation
Vvivo.

Furthermore, postortem chemical analysis
the brain in AD reveals damage to lipid
proteins, and DNA. Some products of lip
peroxidation are neurotoxic other digyelic
by-products of lipid peroxidation, includin
malondialdehyde and alplieeta unsaturate:
aldehydes, can react with nucleophil
including sulfhydryl groups of cysteine
histidine, and lysine thereby damaging protei
Freeradicatmediated oxidative damage alsc
damages DNA and is commonly measured by
increase in $hydroxy-2 -Gleoxyguanosine.

Mechanism of free radical damage in
brains of patients with AD

Tyrosine nitration, resulting from the action
inducible nitric oxide synthase (iINOS) ae of
the earliest markers of free radical damage in
AD brain. The brain of AD patients has be
shown to have increased levels of INOS and (
2 enzymes that produce reactive nitrogen
oxygen free radicals, respectively. Of particu
interest isthe recent evidence that deposition
amyloid beta peptide
patients with AD can increase both nitrogen &
oxygen free radicals

with glial cells induces the expression

NADPH oxidase and iNOS. Thsggests that



a vicious circle may develop in AD with fre
radi cal s deposits, which ig turA induc
additional free radical production.

Peripheral markers of free -radical damage
in the brain of patients with AD

The identification of fregadical damage within the
brain of patients with AD is consistent with tt
hypothesis that antixidant therapy has th
potential role in the treatment of AD. However,
brain tissue is not available in living AD patient
surrogate markers of free radidadain damage in
the CSF, blood or urine  must be used to mon
the potential benefits of ambixidant therapies ir
AD patients.

Cerebrospinal fluid (CSF)

Lipid peroxidation leads to isoprostanes.
addition, to elevation of isoprostane levels Ire 1
brain of patients with AD, total isoprostanes he
also been reported to be elevated in plasme
patients with AD. Further studies have shown t
elevations of a specific isoprostane (8,
isoiPE2alphaVl), reflecting brain damage, ar
found in urire, CSF and blood from patients wi
probable AD.

DNA damageresults in strand breaks as well as
increase in oxidatively modified nucleosides. T
most studied evidence of modified nucleosides
the increase in -Bydroxy2 -fleoxyguanosine tha
resuts from hydroxyl attack on deoxyguanosir
Elevation of 8hydroxy2 -@leoxyguanosine level
have been reported in CSF from patients with AC

Blood

Increased levels of DNA strand breaks a
8-hydroxy-2 @leoxyguanosine have bee
documented in blood lyphocytes from patient:
with AD. Such assays are the most conveni
methods to documented free radical damage
patients with AD and to measure the response
antroxidative therapy in AD.
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Means of limiting free radical damage
in patients with AD
and murine models of AD

Epidemiological studies suggest that t
prevalence of AD in chronic users «
nonsteroidal antinflammatory (NSAID) drugs.
One possible explanation for this observatior
the capacity of NSAID to  block
cyclo-oxygenasegenersion of reactive oxidative
molecules. Recently, it has been shown the
subset of NSAIDs can reduce the production
Ab by neur al cells i
related to their capacity to decrease gam
secretase, an enzym
amyloid precursor protein (APP). These drt
can reduce A H#ransgenic anbuse
models of AD.

Studies hage shown that vitamin E decreas
A Binduced neurotoxicity in vitro although

recent study found that vitamin E treatment
patients with mild cognitive impairment (MCI
did not delay the progression of patients w
MCI to AD. However, other studies perted
that the combination of vitamin E and vitamin
given did reduce lipid peroxidation measured
the CSF of patients with AD.

The most dramatic evidence of the benefic
effect that blocking free radical generation
recently been reported. In these studies
APP-tg-mice were bred to nitrioxide synthase
(iNOS)-deficient mice. In this mutant, hume
APP-transgenic and iNOS8eficient mice did not
produce iNOS or tyrosine nitration. Furthermo
in these animal models of AD, cerebral /
pl aque number and A
reduced.

Conclusions

Considerable evidence has been obtained
freeradical damage is evident in patients w
AD. Preliminary evidence suggests tf
antitoxidants that reduce free radical stress
limit oxidative damage and may limit the
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generation of Ab that

the development and/or the progression of #
Finally, animal studies suggest that gene ther
directed at suppressing the expression of INOS |
prevent the genergaes.i on

The availability of means to measure free radi
damage in patients with MCI or AD is no

available. Thus, the two most promisit
therapeutic means of preventing free radi
damagei antiroxidant administration or gen

therapy directed at theneymes responsible for th
synthesis of reactive oxygen or nitrogen speeie
can be documented in patients with MCI or #
using surrogate markers of free radical bri
damage that appear in the CSF and/or the blood
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FERMENTED PAPAYA PREPARATION,
DIETARY ANTIOXIDANTS AND
NEUROPROTECTIVE POTENTIALS

Okezie | Aruoma

Free radicals are formed from molecules

breaking a bound such thaach fragment keep
one electron (free radicals may also be formed
collision of the non radical species by a react
between a radical and a moleculehich must then
result in a radical since the total number of elect
is odd), by cleavage of adial to give anothel
radical and, by oxidation or reduction reactiol
Aerobic organisms, including man, animals, a
plants, are constantly challenged hgactive
nitrogen species (RNS) aneactive oxygen specie
(ROS). These are either synthesized getously,

e.g. in energy metabolism and by the immt
defence system of the body, or produced
reactions to exogenous exposures such as cigar
smoking, imbalanced diet, exhaustive exerci
environmental pollutants and foocbntaminants.
Inflammation, cellular and redox signallin
mechanisms are now widely recognized to p
major roles in the pathophysiology of numerc
disease statdgigure 1).

' Ageing Process,
Parkinson’s : I
disease, Neuro;:ge‘:::;ahw | Cardievasecular
Alzheimer | Dysfunctions
\ &

EXCESS OF FREE RADICALS
AND CELLULAR REDOX

MECHANISMS

Rheumatic & T —
Pulmonary DNA Da Cardiac & Cerebral
Disorders mage Ischemias

Figurel. Some clinical conditions in which roles for free radicals
and cellular redox mechanism have ben implicated.

Strategies for the intervention and prevention
cancers, diabetes, cardiovascular  disei
HIV/AIDS and diseases of overt inflammatic

including neurodegenet
and Par ki n)seguirdssan uhdestandir
of the basic molecular mechanism(s)

prophylactic agents (dietary antioxidant factc
from food plants and medicinal plants in tt
context)that may potentiallprevent or reverse th
promotion or progression of the diseas€his is
the starting point in defining the prophylact
potentials of fermented papaya preparation (FF
Intricate and diverse defence systems dristivo.
Indeed as illustratedin Figure 2, antioxide
protection areafforded by the antioxidant enzyme
superoxide dismutase, catalase and glutathi
These are complemented by thlev molecular
weight antioxidants, some endogenously produ
(e.g. glutathione, NADH, caasine, uric acid,
me | at o-iipoin aicd, Wilirubin) and some
derived through dietary intake (ascorbic acid,
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Figure 2 Commplex network of antioxidants [From Aruoma (1994). Nutritio
and health aspects of free radicals and antioxidants. Food and Chaimi
Toxicology 32: 67-685).

tocopherols, ergothioneine, carotenoi
quinones, phenolics etc) and as suggested in
paper, FPP can augment the endogen
antioxidant defences and help to maint:
homeostatsis.

NEURODEGENERATIVE DISORDERS

Approximaely 15% of the population over ac
65 years are afflicted with | z he i mer
(AD) and 1% byPar ki nsonods
Neurodegenerative disorders are associated
various degrees of behavioural impairments t
significantly decrease the qualibf life (Figure
3).

The brain may be particularly vulnerable to RC
in part for the following reasons [1] the bra
consumes approximately 20% of the total bc
oxygen but comprises less than 2% of total b
weight, [2] the brain contains high levels
unsaturated fatty acids, the brain may he
reduced endogenous antioxidants, the brain
limited capacity for regeneration, [3] iro
accumulates in braispecific regions (i.e., red

Figure 3. Communicain networks of the central nervous system. Information,
in the form of nerve impulses, travels to and from the brain along the spini
cord. This allows the brain to monitor and regulate unconscious boc
processes, such as digestion and breathing and terdinate most voluntary
movements of the body. It i§

Iso the site of consciousness, allowing thinking, learning and creativity. Th
the disbalance of the integrated cordination and control, sensory input and
motor motor output can amount to brain dysfnction.

nucleus, substantia nigra pars reticularis, glo
pallidus) and [4]ron-binding proteins (ferritinnay
be relatively deficient in the brain, so the hi
concentrations of ascorbic acid may present
prooxidant environment given the diminishi
antioxidant defences.

Brain function is as important to the adult humans
it is to the newborns. The consequences of perir
brain damage will stay with an individual for the
whole lifespan yet there are no effectivetective or
restorative treatments currently in routine clinic
use. Protecting thérain of human newborns is |
health care priority as no efficient treatment
available today. The pathophysiology of perina
brain lesions is multifactorial, generatjinmore than
one potential target foneuroprotection.One key
safety issue for potential neuroprotective strategie
newborns is the demonstration of the lack
interference with normal brain development.
Emerging experimental data appear to iden
several candidate molecules or regimens for perin
neuroprotection. Thesaclude magnesium sulfate
hypothermia, Topiramate, Tianeptine, BDNM
(brainderived  neurotrophic  factor), IGR
(insulin-like growth factor I) and melatonin.
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| would place FPP as a potential candidate
neuroprotection in the newborn. Indeed as arg
by Gressens and Spedding, there is an un
medical need and much has been learnt rece
from animal studies that point us in the directi
of potertial treatment strategies, yet little hi
made its way into clinical research. The m:
reason for this is the understandable reluctanc
put neonates at risk in clinical trials on untest
drugs. The problem is compounded by the lack
effective treatrant for brain damage in adults
such that the normal progression from adult
paediatric use once safety has been addressed
strategy for neuroprotection in the newborn t
been reviewd by Gressens and Spedding in
article in Drug Discover Today: Térapeutic
Strategiesl: 7782 (2004)].

ALZHEI
PARKI

MERSS ( AD)
NSON&S DI SEAS

The disease AD is a progressive degenera
brain disease and is the commonest cause of
onset dementia. There are deficits in cognit
function that cause amnesigoss of memory),
aphasia (impairment of language), apra
(inability to do motor tasks despite intact mot
function), and agnosia (inability to recognis
despite intact sensory functions). Psychial
symptoms and behavioural disturbances becc
apparat, such as depression, personality char
delusions, hallucinations and misidentificatior
Patients tend to have difficulties with activities
daily living manifest early in the disease, a
affect functions such as handling money, use
the telephae, and driving, and later, difficultie
with dressing, feeding and toileting. Patier
eventually lose interest in their surroundings &
become confined to wheelchair or bed. The fi
stages of the disease, marked by mental empti
and loss of contloof all body functions, may no
occur until 510 years after onset. The maj
microscopic alterations in AD are senile plaqt
(SP) and neurofibrillary tangles (NFT) formatio
selective neuronal loss and shrinkage, neur
thread formation, synapse lpsand amyloid
angiopathy. NFT and SP represent

accumulation of intraneuronal and extracellu
filamentous protein aggregate
Hyperphosphorylated tau is the major protein in

NFT. Amyl oid b pepti
amyloid precursor protein (APP), e major
protein in SP and amyloid angiopathy.

The AD brain is also characterized by neuror
cell loss and changes in neuronal morpholo
This is reflected by a decreased brain weight .
by atrophy of the cortex. Neuronal loss is m
notable in the ippocampus, frontal, parietal, ar
anterior temporal cortices, amygdala, and

olfactory system. Neuronal cell loss occurs in
nucleus basalis, a large cholinergic system at
base of the forebrain and this may accounts for
severe cholinergic dieiency in the cortex of AD
patients. The cell loss that is likely in the loc
ceruleus may also account for the reduction
brain level of norepinephrine AD patients. Int
hippocampus the most prominent zones that
affected are the CAL regiorhd subiculum, anc
the entorhinal cortex. The entorhinal cort
receives major innervation from the neocort
basal forebrain, and amygdale (see Figure 5).

The large neurons of the entorhinal cortex (la
I1), which project to the subiculum and the dset
gyrus by means of the perforant pathway,

prominent sites of tangle formation in AD. T}
major hippocampal outputi to mammillary
bodies, hypothalamus, and dorsomedial thalar
i arises from axons of the pyramidal cells whi
exit the hippocampus a&i the fornix. Thus,
severe pathology occurs in those neuro
populations that receive input to the hippocam,
or provide hippocampal efferents. The limt
system including the olfactory bulbs, olfacto
cortices, amygdala, cingulate gyrus, a
hypothahmus may also be affected and this n
explain some of the abnormal behaviou
characteristics of some AD patients. Interesting
the vulnerable brain regions in HIV/AIDS
individuals include the denta nucleus in t
cerebellum, the red nucleus and sulssanigra in
the midbrain, the subthalamic nucleus a
thalamic fasciculus in the diencephalons and
globus pallidus and striatum (or neostriatu
which consists of caudate and putamen) in

forebrain. It is easy to see why lesions in th
regionsmay lead to progressive dementia, whi
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 spec
(ROS and RNS respectively) generatday

infiltrated neutrophils into distant organs &
directly as noxious agents reacting with molect
components, thereby enhancing inflammat
processes and therefore influencing cell viabil
ROS and RNS have become potential therape
targets forprophylactic biofactors such as FF
There is no set treatment for the reversing
halting neuronal degeneration in AD. The FL
approved use of cholinesterase inhibitc
(anticholinesterase drugs in clinical practic
donepezil, rivastigmine, and galantae), which
have demonstrate limited palliative value. There
interest in the use of antioxidants (e.g. phenoli
as potential therapeutic strategy. Markers
oxidative stress represent an early indicator
oxidative stress in AD susceptible neuroafien
appearing before any other pathology

detectable, antioxidants therapies are thus
promising avenue for treatment. A study tt
involved the administration over a 2 year period
the trivalent irorchelating agent, desferrioxamin
slowed the linical development of AD. The
therapeutic importance is directed to the remc
of iron and possibly inhibition of ROS formatiol
The beneficial effects of vitamin EX{ocopherol),
selegiline (MAO B inhibitor), andsinkgo biloba
(Egb 761) have been suggested. For exarr
Sano et a | -tocophanoh ahd selagdirt
tested in 324 patients with moderately severe /
There was no significant improvement «
cognitive tests but they did observe significa
delays in the time of the following occurrence
death, institutionalisation, loss of the ability

perform basi@ctivities of daily living, and sever
dementia.

Dementia is a syndromic manifestation typical |
not exclusive of aging, characterized by mem
loss and impairment of at least another cognit
function at such extent to significantly affect da
life style with a progressive loss of autonomy a
the social role. In association to cogniti
functiors impairment, psychopathological al
behavioural disorders often referred to
behavioural and psychological symptoms
dementia can occur before or after clinical
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manifestation of the cognitive disorder. TI
potential relationship between normal coiysit:
function and dementia and how these could eqt
with pathologic burden (Figure 6) such
progressive aging,
Parkinsonés di seases
Current research interest embraces the searcl
neuroprotectants and @goitive enhancers witk
translation research of public health concern. T
is particularly relevant to FPP where curre
research is aimed at establishing the ablity of 1
dietary factor to modulate the potentiagnitive -
decline i n Al zhei merads in
neurodegerative '
conditions as a whole. To this end, the work
Professor Migliore of the University of Pisa h
established a potential link between oxidati
DNA damage and cognitive impairment hence t
biomarker will be used to assess theigbdf FPP
to modulate mild cognitive impairment i
Al zhei mer 6s diseases.
published in Biofactors have shown that FPP (
modulate oxidative injury supporting the view .
its prophylactic potentials in neurodegenerat
diseases andin particular diseases of over,
inflammation. :

A sustained inflammatory reaction is present
acute (e.g. stroke) and chronic (e.g. Alzheime

disease, Parkinson's disease and mult
sclerosis) neurodegenerative disorde
Inflammation, which is fosted by both

residential glial cells and bloedrculating cells,
that infiltrate the diseased brain, probably starts
a time and sitespecific defence mechanism th
could later evolve into a destructive ai
uncontrolled reaction.

Human lacks the enzyen L-gulonoo-lactone.
oxidase which is necessary for biosynthesis
vitamin C, ascorbate, and therefore must obt
ascorbate from dietary sources. Ascorbate i
watersoluble antioxidant present primarily as
monovalent anion at physiological pt
Ascarbate soluble in the aqueous phase can rec
the tocopheryl radical, formed when vitamin -
scavenges a lipid radical within the membre
(see Figure 2). Plasma ascorbate levels h
been found to be decreased in AD patients
compared to control paties)t in levels
corresponding to dementia.



8/Therapeutique

The synergistic vitamins C and E were chosen i
study in which 400 IU vitamin E and 1000 n
vitamin C were given daily to patients. Tt
combination of vitamin E and C increased vitan
E and C levels in the plag and CSF, making CS
and plasma lipoproteins less susceptible to in v
oxidation. The plasma and CSF of patients gi
only vitamin E were not protected against in vil
oxidation. This study highlights the concept

synergism between antioxidants, this particular
case between vitamin C and E. Aruoma |
advocated that bioactive components in plant fo
could possess that are complementary in
synergistic manner.

Further, QHipoic acid (LA) is a low molecular
weight dithiol antioxidant that is an importa
co-factor in multienzyme complexes in tr
mitochondria. LA is readily available from tfr
diet, absorbed through the gut and easily pa:
through the bloodbrain barrier In addition, LA is
synthesised in the mitochondria of plants. As
antioxidant, LA and its reduced form, dihydrolipo
acid (DHLA) are capable of quenching ROS a
RNS and chelating metals such as'Cé&e”*, Cu*
and ZA". LA has been suggested tadract with
other antioxidants such as glutathione, ubiquir
thioredoxin, vitamin C and indirectly with vitami
E, regenerating them to their reduced forms (
Figure 2). Studies appear to indicate that LA nr
improve behaviour and diminish markers
oxidative stress in rats fed a diet supplemented \
LA. The synergy with FPP treatment can
envisaged.

FLAVONOIDS AND PHENOLIC
COMPOUNDS IN THE TREATMENT OF
NEURODEGENERATIVE DISEASES

The potential neuroprotective effects of phenol
against the neonal deficits associated with agir
or agerelated neurodegenerative diseases is
increasing interest. Cellular studies examining
potential mechanisms of neuroprotection

flavonoids in preventing neuronal cell death cau:
by oxidised lowdensity lipoproteininduced
oxidative stress have identified three differe
mechanisms: Flavonoids can prevent cell de
after glutamate injury by scavenging RO
maintaining the correct GSH levels and inhibiting

cd" influx, which represents the last stap dell
death cascade. These properties, couple with
antrinflammatory properties attributed to son
phenolics, renders this class of compounds suiti
for application where oxidative stress, together w
infammation and antioxidant defence depleti
take place, such as AD.

The ginkgo extracts that are currently used
medicinal purposes contain 24% flavonoids and
terpenoids. The antioxidant effects of flavonoi
combined with the aninflammatory properties o
the terpenoids bilobalide and ggolides A, B, C,
M and J, terpenoids  antagonists
plateletactivating factor (PAF), make these natu
extracts plausible to use in AD, characterized
both oxidative damage and inflammation. Tes
widely advocated as beneficial prophylactic age
from the standpoint that antioxidant phenolics
highly abundant in tea leaves. The main flavonc
present in green tea are catechins, in partic
epigallocatechin gallate (EGCG), in the amount
30-130 mg per cup of tea. Tea catechins h
been show to possess anticarcinogenic, antialler
and antiapoptotic properties. In hippocam,
neurons, tea phenolics show a protective ef
against ischemic insult, while neurotoxicity induc
by A B42), (whose deposition in the bra
accompanies neuronalds in AD, was attenuated |
the presence of EGCG.

Studies involving tea phenolics found th
intracisternal injection of epicatechin improwve
memory impairment induced by intracisterr
glucose oxidase. The flavonoids contained
blueberries, mainly r#hocyanins, have bee
extensively studied in vitro and in vivo to asse
their action in several pathologies. In aged ri
blueberry extracts were effective in reversi
agerelated decline with cognitive, motor ar
neuronal effects. That phenolics camhance rec
blood cell resistance to oxidative stress in vitro ¢
in vivo, supporting the idea of a protective role
these substances in R®%diated, ageelated
neurological decline. I envisage th
co-supplementation with FPP would enhance
thergpeutic window of the use of flavnoids ar
proanthocyanidin oligomers from fruit extracts
disease management.



A compound that is targeted for neuronal protect
should be able to cross the highly selective blood b
barrier. In addition to boostingthe endogenou:s
antioxidant status, dietary phenolics can also poten
cognitive function and memory. Figure 7 shows
strategy to facilitate definition of the prophylact
potentials of diet, nutritional/food supplements &
medicinal plants and herbaxtracts. Such researc
should be complemented with the development

validation of biological markers.

Nitroxyl radicals are very useful as exogenous s
probes for measuring free radical distribution, oxyc¢
concentration, and redox metabolismibyivo ESR in
biological systems. Given that the nitroxyl radicals Ic
their paramagnetism through a redox reaction w
exposed to a reducing agent in biological systems,
signal decay rate of the nitroxyl radical gives evidel
of free radical generiain and changes of redox status
biological systems.

-0.2

decay rate constant (/min)

FPP-SHR SHR

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 overtinflammation.  [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 technic
involving the blood brain barrier (BBBpermeable
nitroxyl spn probe
3-methoxycarbonyP,2,5,5tetramethylpyrrolidinel-ox
yl (MC-PROXYL) for the assessment of oxidati
stress in the brain. The spontaneously hypertensivi
(SHR), a model of essential hypertension, has se\
characteristics of increased oxidatsteess. The ability
of FPP to modulate oxidative stress in the brain
spontaneously hypertensive rats (SHR) has L
assessed using the MRROXYL -L-band ESR
technique (Figure 8)Thus FPP has promise as
neuroprotective agent. Profesor MasaiChiangil Lee
and his colleagues at theanagawa Dental College
Kanagawa, Japan, are actively engaged in rese
using this technology to delineate the effect of FPF
the brain.

Mitogenactivated protein kinases (MAPKSs) are
family of serine/threonine proteikinases that mediat
fundamental biological processes and cellular respol
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to external stress signals. Increased activity
MAPK, in particular p38 MAPK, and thei
involvement in the regulation of the synthesis
inflammation mediators at the leved transcription
and translation, make them potential targets
antiinflammatory therapeutics.

The major enzymes belonging to this family are -
extracellular signal regulating kinase 1/2 (ERK1/:
or p44/42 MAPK), eJun Nterminal kinase (IJNK),
and p8 MAPK, which are activated in response
a variety of extracellular stimuli. p44/42 MAPK |
predominantly activated by mitogens through
Ras/Raf/IMEK signalling cascade leading to c
growth and survival. The JNK and p38 MAPK a
preferentially activat®@ by preinflammatory
cytokines and oxidative stress resulting in ¢
differentiation and apoptosis. The inflammatis
mechani sms in Al zhei me
been postulated to be regulated in part by activa
of the p38 pathway. The potenta FPP to regulate
the phosphorylation status of ERK 1/2, Akt, a
p38 has been analyzed by Western blot analy
FPP showed the potential to modulate
H,O.-induced ERK, Akt and p38 activation wit
the reduction of p38 phosphorylation induced
H,O, being more pronounced. However, the
studies are continuing in order to clarify ti
concentration dependence of the effect of FPP.
of MAPK inhibitors emerges as an attracti
strategy because they are capable of reducing
the synthesis of pramflammatory cytokines ani
their signalling. FPP is particularly attractive as
can be administered orally, and has no toxicity.

The outcome of ongoing clinical trials with FF
will help to unequivocally endorse the clinic
benefits in patients with chraninflammatory and
neuroinflammatory diseases and for t
management of degenerative aging, he
maintaining the fountains of youth in the old
population.
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«INFLAMMAGING »
and Redox regulation : FPP role

Intervention of F.Marotta

Al nfl ammaging and r

Aging and chraic diseases have both oxidative a
inflammatory manifestations which we have

counteract in order to avoid their deleterio
consequences at a cellular and molecular le
These manifestations are widely linked leading t
real auto amplification vicious circle. This
relationship had lead Professor C.Franceschi
propose in 1995 a immurgenescence theory bas
on a study about Italian centenarians. Aging
distinguished by a particular chronic inflammatc
status which he pmapots
status which appear to be under genetic control
to the prejudice of longevity.

Human immunesenescence is characterized

complex modifications where clonal immunil
decreasenvhen innate ancestral immunity is wide
preserved. Immuninflammatory response tc
continuous different environmental stresses leac
production  of numerous  mediators ik
pro-inflammatory cytokines as well as production
reactive  oxygen  species which  ha
auto-stimulating properties.

In many chronic inflammatoryysdromes , it is
proved that oxidative stress by oxidative media
production either due to a diminution «
antioxidative systems and /or due to a lack
essential antioxidative nutriments, is a fac
generating or at least contributing to maiatece
of immune and inflammatory response wi
dysfunction or destruction of cells.

Inflammaging observed during aging is al
responsible of a positive regulation of wic
responses to molecular and cellular level stres
which lead to  molecular and cdln injure
accumulation.

Redox regulation control of organism is essentia
limit deleterious effects in chronic diseases as v
asin aging.

We will review 3 studies realized with FPP whi
have shown protection potential of this for
supplement indifferent therapeutic schemas ev
by patients suffering from hepatitis C or fi
prevention of oxidative damages by elde
people in good health.

FPP Effects on inflammatory and oxidative
damage in post hepatitis C cirrhosis

Introduction

The liver isone ofthe most susceptible organs
oxidativerelated cellular damage and DN
mutagenesis and oxidative stress has b
implicated as a causative factor in alcoholic
non alcoholic liver disease. In alcoholism there
an understandable link with ethol metabolism
due to the production of ROS such as supero:
and hydroxyl radicals. For non alcoholic livi
disease, a complex interplay between malnutriti
trace elements abnormalities, glutathione deple
and several viruselated cellular injugs are
indicated ( 1 ). A key factor causing oxidative DN
damage is formation of hydroxyl radicals which c
alter purine and pyrimidine bases and react v
deoxyribose damaging the phosphodiester D
structure. Oxidativeanodification of pyrimidine
and/a purine bases occurs through addition
hydroxyl radicals to t
C5 and C6 of pyrimidines and to C4 and C8 of"
purines. Stable oxidative damage products sucl
8-OHdG are molecular markers of pathology ( z
Oxidative DNA damage, namely -8HdG
generation, has been indicated as an early eve
HCV infection and a marker of liver damage
patients. Persistent genomic changes are fac
giving rise to carcinogenesis, as has also b
suggested in patients undergoing afic
hemodialysis ( 3).

Experimental studies
geneticallymodified

antioxidant/immunestimulating and
NO-modulating fermented papaya preparation wi

using a nc



TABLFAU L.
Fermented Papaya preparation composition.

FPP/100 g Composidon. (Japan Food Res. Lab, Tokyo, 2000)
Aminoacids composition
Carbohydrares 30,7 g Arginine 16 mg
Moist Bog Lysine fmg
Proteins 03 g Hysudine 5 mg
Fars ahsent Phenvlalanine 11 mg
Ashes olg Tyrosine 9mg
Fibres Absent Leudne 18 mg
Vitamin B6 17 meg Isoleucine 9mg
Pholic acid 2 meg Methionine 5 mg
Niacin 240 meg Valine 13 mg
Iron 0,29 mg Alamine 12 myg
Calcium 2.5 mg Clycine 11 mg
Potassium 16.9 myg Proline Bmg
Magnesium 4,6 mg Cluthamic acid 57 mg
Copper 14 meg Serine 11 myg
Zinc 75 meg Treonine Bmg
Aspartic acid 27 mg

Trypophane 2mg

described ( 46 ). Fermented papay
preparations were found to posses hig
protective atioxidant properties despite beir
devoid of any antioxidant vitamin as such-10)
(table 1).Such studies have been followed
clinical investigations ( 15 ). In particular,
recent gastroenterology studies ( 15 ) he
demonstrated that FPP was albde significantly
decrease the oxidative stress in gastric muc
affected by longstanding chronic atrophic gastr
associated with metaplasia and importantly to ¢
the mucosal concentration ofBHdG. Moreover,
it has been shown in patients with H@Alated
chronic liver disease that high TNFlevels are
associated with the degree and progressior
inflammation ( 16 ) while the concentration of tl
soluble TNF p75 receptor seems to be linkec
mortality ( 17 ).

Design of study

The aim of the presit investigation was to tes
supplementation with vitamin E or the ferment
papaya preparation in a group of patients w
established HCYelated liver cirrhosis.

The study group consisted of fifty patients (
males/21 females, mean age 62, age radgésh

Therapeutique/11

with Child A-C, genotype 1 HCVelated cirrhosis
without having a history of ethanol consumption
the past 10 years. All patients had abnormal £
levels but less than 80IU/L Patients were randol
allocated into 2 groups (25 patients each), iptesty
matched with dietary intake, serum irc
concentration and iron dietary intake (medi:
8.6mg/day, range: 6.90.4mg/day) and body mas
index. At bedtime, they were supplemented (gr¢
A) with alphatocopherol 900IU/day for 6 month
or (group B) 9¢day of a FPP (ImmuAge®, made
under ISO 9001 (production quality) and ISO 14C
(environmental protection) Osato Resea
Institute, Gifu, Japan).

Patients have each month dosage of: re
status( glutathione, oxidized glutathione, GF
MDA), alphatocopherol, 80HAG in circulating
leukocytes, DNA and cytokines level in serum.

Results of study

No significant weight change was observed. GS
serum level in patients with cirrhosis wi
comparable to healthy subjects (table 2) ¢
remained unchanged by mlementationHowever,
as compared to healthy controls, reduced GSH
glutathione peroxidase was significantly lower
cirrhotic patients (p<0.05) and were compara
improved by either FPP or Vitamin E regime
(p<0.05).

In patients with cirrhosis,esum MDA levels were
significantly higher (p<0.01 vs healthy control) al
supplementation brought about a comparable pa
improvement (p<0.05 vs baseline values).

As compared to controls, patients with liver cirrho
showed significantly higher accunatiion of 8SOHdG
in circulating leukocytes (p<0.01, fig. 1). Th
impairment remained unchanged kytocopherol
supplementation while it was partially ar
significantly improved in the FRBupplementec
group (p<0.05). Leukocyte DNA damage showet
correlation only with the age of patients, as
independent variable (table 3). Furthermore, patie
with liver cirrhosis showed an elevated serum le
of TNFa and of its soluble p75 receptor (p<0.001
healthy controls, fig. 2),

While vitamin E supplementatiogiid not affect this
abnormality, FPP supplementation significan
lowered their values (p<0.05).
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TABLEAU II.
Redox status in patients with HCV-related cirrhosis: effect of Vitamin E or FPP.
Contral Vit. E-supplemented FPP - Supplemented
Cirrhotics Cirrhotics
Supplementation
Entry Level After 6 mo. Entry Level After 6 mo.
GSH (uM) 972 + 52 561 + 34 THE + 6O * 521 + B4 TIR£72*
GSSG (uM) 2048 WB+d W +h* 20+ 4 EVES -
GSH/GSSG rado 435 21,6 9.1+ I8 26,4*
MDA (uM) L1+038 32+06 1,7+02%* 83.4+05 19+02%*
e-tncopherol (pmol/T) 292+12 14407 218+08* 15,6 + 06 159+08*

* p < 0105 as compared o vit. Esupplemented group.

TABLEALU 111
Correlation between DNA damage in leukocytes,
plasma antioxidants concentration, serum iron level and climical
parameters (r : correlation coefficient).

B-OHAG in circuladng leukocytes
GEH - 19
CSH-Px (ng/ml) -0,12
GSSG (uM) - 0,07
MDA + 0,81
a-tocopherol (uM) +027
BMI —014
Iron + 0,19
Age (years) + 0, 46%
Child-Pugh score poinis +0,23
Duration of discase (years) + 0,07
*p <005
120 124 T =
* i *
100 * 10 m.:lc .:Ii
4 ]
a0
€0 § .‘ :
§ L ,
40 4 §
20 3 I D
1]
0 - TMFo TNFoRIL  THE«  TNFeRIl TNEa  TNFaRIl
Control vit. E FPP Control WE FPP
* p<0.001 vs confral §p<005vs vit E group and conrol * p<0.001 vs contral §p<005vsvit E group and coniral

Figure 1. — Concentration of BOHACG in circalating leukocytes: effect of  Figure 2. - Concentration of TNF-2 (pg/ml) and TNF-2 receptor type 1T
nuiraceutical mtervention. (ng/ml): effect of nutraceutical intervention.

Discussion stress (20-22 ), can lead to DNA damag:

Indeed, hepatocellular carcinoma frequer

Oxidative Stress, DNA damage and Liver develops in patients with chronic hepatitis a
Disease. liver cirrhosis and is considered as a part of
In the course of liver disease, chror hatural history and as an unavoidable ev

inflammatory events ( 18,19 ) and oxidative occurring at a rate of 10/10.000ses.



Many observations indicate a direct correlati
between in vivo 8-OHdG accumulation anc
carcinogenesis ( 23 ). Hence measuring 80+
may be a useful biomarker for detecting liver injL
of environmental origin ( 24 ) and in natcoholic
fatty liver disease ( 25 ). On the other hand, it t
been shown that, impaired redox status ever
symptomfree HCV may represent a negati
prognostic factor ( 26 ). However, an abnorme
high MDA has been linked with chromosom
breakage factors which has a puial

carcinogenetic role ( 27 ). Interestingly, unlil
vitamin E, FPP significantly reduced leukocy
80HdG concentration. Farinati et al. ( 28 ) F
found that there is a significant correlation betwe
80HdG content of circulating leukocytes wi
levek in liver tissue and the same research gr
has also suggested that 8B0OHdG level in leukoc
is a reliable marker of the severity of liver disez
(1) At the end of the study, FF
supplementation remarkably decreased leukot
80HdG concentrationfaver 40%. This effect
was much greater than the 21% decrease of uril
80HdG excretion observed in human subjects &
quitting smoking and which did not show furth
improvement at the end of the 26 week period
smoking cessation ( 29 ).

Inflamma tory Cytokine Responses.

It has been demonstrated in the course
HCV-related liver disease that hepatocellu
damage may be triggered by a number
immunological reactions occurringt the cell
surface ( 30 ) and TNF among them which. elic
further oxidative damagéhe actions of TNfa are
mediated by two separate TNF receptors, receg
1 (p55) and 2 (p75) (TNFR1 and TNFR2) ( 31
Quite recently there have been several rep
suggesting a role ofotuble tumor necrosis facta
receptors in HC\felated liver diseases parallelir
its severity and histological activity ( &3 ). In
particular, the concentration of the soluble p:
receptor correlates with disease progression
mortality ( 17, 35 ). In our study, despite only
marginal hypertrasaminsaemia, TNR and
TNFR2 receptor were significantly elevatedBoth
antioxidant regimens comparably decrea:
TNF-a levels while TNFR2 was significanth
lowered only with FPP supplementation.

Another interfering factor might also be iron stat
and iron is likely to be involved in the HC\
infection-hepatocarcinogenesis transformatic
Indeed, it is likely that inflammatomelated
cytokines, includingTNF-a, induced by hepatic
inflammation would stimulate iron uptake v
up-regulation of transferrineceptor expression il
hepatocytes ( 36 ). In this regard, t
cytokinemitigating properties of FPP might be |
potential benefit in such clinical setting.

Conclusion

Despite the therapeutic armamentarium has &
enriched by new effective antiviratirugs and
regimens in the last years, there are a substa
percentage of neresponders whose cirrhoti
transformation cannot be prevented. Moreo\
patients with established H@¥lated cirrhosis are
often not eligible for antiviral treatmen
Although the ultimate therapeutic target is

eradicate HCV, antioxidant therapy might offer
worthwhile adjunctive tool, especially in lostigrm

management of patients when several, yet to
fully unfolded, metabolisutritional abnormalities
occur ( 37 ). hdeed, it has been suggested that
generation of ROS even at such low levels wh
are unable to bring about overt parenchymal i
death, when chronically occurring for long tim
canlead to accumulation ofF®HdG in DNA ( 38)
and such genomic abnoafities have beer
described even at a stage of chronic hepa
(28,39,40)
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