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Figure 1. The biological benefits of camel whey protein 
We summarized the biological benefits of camel whey protein for improvement of health disorders 
 
 

supplementation with WP reduces inflammation, 
oxidative stress, and blood pressure (13). Research 
showed a decrease in free radicals when diabetic rats 
were supplemented with CWP (3). Another study 
demonstrated that CWP suppresses oxidative stress 
by decreasing hepatic lipid peroxidation and 
increasing GSH levels by activating glutathione-S-
transferase (14). 

Numerous recent studies have examined these 
therapeutic actions, and mounting scientific evidence 
is emerging on the detailed constituents of CWP as 
well as the candidate therapeutic components to 
support the current therapeutic use of CWP (Figure 
1). The following review will summarize current 
knowledge in these areas. 

 
 

Materials and Methods 
The outline of the consensus guideline was the 

result of the considered opinion of the whole panel. The 
final review included the relevant CWP literature as 
searched using several electronic databases, the 
relative weight of the suggestions retained for the 
purpose of biological activities of CWP reflects the 
expert opinion of the panel. The consensus on these 
activities was expressed by the panelists using a 
checklist itemizing the CWP effects considered relevant 
after analysis of the literature. The collective judgment 

of the panel is expressed as a percentage of agreement 
among panelists. The panel decided to use a GRADE 
methodology for defining some treatments and 
biological activities of CWP.  

The following electronic databases (data banks) were 
searched: 

NCBI PubMed (1990 onwards); EMBASE (1990 
onwards); UKCRN (the UK Clinical Research Network 
Portfolio Database); WHO ICTRP (the World Health 
Organization International Clinical Trials Registry 
Platform); ISI Web of Science; Google Scholar.  

Search strategy: search covered published articles 
from January 1990 to August 2016.  References were 
checked and pdf copies were provided. 

 Restrictions: No publication restrictions were 
applied. Authors were required to apply their clinical 
experience to compile a draft list of suitable articles for 
the topic, also using their experience on the 
immunomodulatory effect of CWP against diabetes and 
heat stress published from 2008 until August 2016. 
 

Keywords used in the search 
(Camel whey protein; Camel Milk; Camel milk 

components; Whey protein; Whey protein ingredients; 
Camel milk ingredients; undenatured whey protein)  
AND (immunomodulatory effect; Immune reaction; 
immune mechanism; adaptive immunity; inflammation; 
specific antibody; inflammatory cytokines; tumor 
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CONTRO IL LOGORIO DELLA VITA MODERNA . . . 

The emotional stress 

A well know health risk factor 
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Oxidative stress 

Two key words: oxidation and stress! 
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The MOST COMMON but OLD  
DEFINITION of OXIDATIVE STRESS 

Oxidative stress IS NOT the breakdown of balance 
between oxygen free radicals and antioxidants 

HO• H2O2 LOO• E C LA 

WELLNESS SICKNESS 

electron 

Reactive specie Antioxidant 
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Normally that is not needed (e. g. wisdom  
teeth, tail) is lost during evolution 

Why oxidation? Why have not lost reactive oxidant  
species (ROS)? Defence? The bombardier beetle. 

ROS ROS 

ROS ROS 
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The life is born from a “French kiss”! A redox reaction! 

Nitrates from females to males and testosterone from males  
to females through saliva! Dopamine is necessary! 

HANDS  
UP! 

tory product of mammalian cells. In 1980, Furchgott and
Zawadzki identified an endothelium-derived relaxing factor
that was later recognized as nitric oxide.3–5 Specific nitric
oxide synthases (NOSs) were described that use the N-gua-
nidino nitrogen of L-arginine with molecular oxygen in a
complex five-step oxidation process to generate nitric oxide.6

Previously, Ferid Murad et al. described that organic nitrates,
such as nitroglycerine, induce vasodilation by release of nitric
oxide, activating soluble guanylyl cyclase and subsequent cy-
clic guanosine monophosphate formation.7 These discover-
ies rendered Robert Furchgott, Louis Ignarro, and Ferid Mu-
rad the Nobel Prize in Physiology or Medicine in 1998. It has
now been established that nitric oxide regulates a vast num-
ber of physiologic processes ranging from vasodilation to
memory.6 Nitric oxide signaling is partly regulated by the
short half-life (milliseconds) in biologic systems because it is
rapidly oxidized to nitrite and nitrate. For this reason, these
inorganic anions have been considered merely as stable-end
metabolites from nitric oxide production, and the scientific
interest in these anions has primarily been as markers of NOS
activity.

In 1994, two independent groups demonstrated forma-
tion of nitric oxide that was independent of NOS.8,9 Nitric
oxide gas was generated in the human stomach at high con-
centrations, and this production was dependent on gastric
acidity and involved reduction of salivary-derived nitrite.
Furthermore, nitric oxide generation was greatly enhanced
after intake of nitrate.8 An enterosalivary circulation of in-
gested nitrate exists in which, after absorption in the gastro-
intestinal tract, circulating nitrate is actively secreted in saliva
and oral commensal bacteria reduced nitrate to nitrite.10 A
year later, Zweier et al. demonstrated NOS-independent ni-
tric oxide generation from nitrite in the ischemic heart,
thereby extending the occurrence of nitrite reduction outside
the gastrointestinal tract.11 From that time, a nitrate-nitrite-
nitric oxide pathway has been established in which serial
reduction of nitrate and nitrite generates nitric oxide and
other bioactive nitrogen oxides throughout the body (fig.
1).12–14 This pathway is suggested to be involved in many
important biologic processes, including regulation of blood
flow, cell signaling, and energetic, as well as tissue, responses
to hypoxia.13 In contrast to the classic L-arginine-NOS-nitric
oxide pathway, the nitrate-nitrite-nitric oxide pathway is
greatly enhanced by hypoxia and acidosis and may serve as a
backup system to ensure nitric oxide generation during isch-
emic/hypoxic conditions when the oxygen-dependent NOSs
may be malfunctioning.14,15 The fact that this pathway can
be fueled by exogenous nitrate and nitrite leads to interesting
therapeutic and nutritional implications.16 Our diet is a
main provider of exogenous nitrate, and vegetables are espe-
cially rich in this anion. This has prompted several research-
ers to investigate the possibility that nitrate may be involved
in the well-established beneficial effects of a diet rich in veg-
etables on cardiovascular disease.17

Many of the vast functions of nitric oxide are highly rel-
evant in everyday anesthesiologic and intensive care practice,

including regulation of blood flow,18 platelet function,19

pulmonary function,20 nerve transmission,21 host defense,22

metabolic control,23 anesthetic action,24 and pain.25 This
review will describe the current knowledge of the nitrate-
nitrite-nitric oxide pathway with special focus on relevance
to the anesthesiologist and intensive care physician.

The Classic L-Arginine-NOS-Nitric Oxide
Pathway
The discovery of nitric oxide as a signaling molecule in mam-
mals triggered an enormous scientific interest, and to date,
more than 100,000 articles have been published, within al-
most every field of medical science. Nitric oxide is produced
endogenously in humans from the amino acid L-arginine by
a family of enzymes known as NOSs. The genes for the three
different NOS isoforms—endothelial NOS (eNOS), neuro-
nal NOS, and inducible NOS—are located on different
chromosomes.6 eNOS, also known as NOS3, was first dis-
covered in the vascular endothelium and plays an important
part in regulating vascular tone. Neuronal NOS, also known
as NOS1, was discovered in the brain and participates in
central and peripheral neuronal physiology. Both eNOS and
neuronal NOS are constitutively expressed, and their activa-

Diet

NOS

NO2 -NO2 -

NO

NO3 -

Oxyhemoglobin

Oxidation

Ceruloplasmin
Oxygen

Bacterial nitrate reductases
Mammalian nitrate reductases
(Xanthineoxidase and other?)

Deoxyhemoglobin/myoglobin
Neuroglobin
Xanthine oxidoreductase (XOR)
Respiratory chain enzymes
Endothelial NO synthase
Aldehyde oxidase
Carbonic anhydrase
Protons
VItamin C, polyphenols

Fig. 1. A schematic presentation of a mammalian nitrogen
cycle. Nitric oxide (NO) is generated by nitric oxide synthases
(NOS) in most cells of the body and participates in regulation
of numerous physiologic functions. The bioactivity of nitric
oxide is partly regulated by its rapid oxidation to nitrite (NO2

!)
or, in the presence of oxyhemoglobin, to nitrate (NO3

!).
Nitrate is the predominant nitric oxide oxidation product in
the circulation. In our bodies, nitrate can undergo reduction
to nitrite, and this process is strongly dependent on oral
commensal bacteria but also to some extent by xanthineoxi-
dureductase and possibly other enzymes in tissues. In blood
and tissues, nitrite can be further reduced to nitric oxide and
other bioactive nitrogen oxides. There are several enzymatic
and nonenzymatic routes that can catalyze this reduction,
most of which are greatly enhanced under hypoxic condi-
tions. This mammalian nitrogen cycle can be fueled by the
diet because vegetables contain high amounts of inorganic
nitrate. Modified with permission from reference 15.

Nitrate-Nitrite-Nitric Oxide Pathway

Weitzberg et al. Anesthesiology, V 113 • No 6 • December 2010 1461
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Il SISTEMA REDOX. Il PUNTO di PARTENZA. 

Il SISTEMA REDOX media risposte adattative  
tramite il controllo dell’informazione e delle difese 
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Il SISTEMA REDOX media risposte adattative tramite  
il CONTROLLO DIRETTO dell’ESPRESSIONE del DNA 

Il fattore di trascrizione NRF-2 e l’incredibile 
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Il SISTEMA REDOX controlla  
la LUNGHEZZA dei TELOMERI 

De Vivo et Al. 2015 (modificata e aggiornata da Iorio) 
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Il SISTEMA REDOX controlla  
molte funzioni EPIGENETICHE 

Cyr et Al. Antiox Redox Signal. 2011. 
pression was associated with enhanced apoptosis in colon
cancer in association with enhanced p53 acetylation, provid-
ing a putative mechanism for the tumor-suppressive qualities
of miR-34a (331). EHZ2, on the other hand, is negatively
regulated by miR-101, another tumor suppressor microRNA
(80). In tumors lacking miR-101, EHZ2 is overexpressed,
leading to aberrant patterns of histone methylation that likely
contributes to observed epigenetic plasticity in tumor cells
(316). These findings are critical because they highlight
mechanisms by which malignant cells may coopt the epi-
genetic machinery to promote a more favorably environ-
ment for enhanced tumorigenesis. We anticipate that as
research linking microRNAs and epigenetic targets accumu-
lates, this will prove to be a generalized paradigm applicable
to multiple players in epigenetic regulation. Moreover, as
we will discuss later on, the metabolic derangements in
tumor cells may additionally promote epigenetic distur-
bances, prompting a synergistic disruption of normal epige-
netic regulation.

It is becoming increasingly clear that short ncRNAs may
mediate transcriptional events themselves, in stark contrast
with the classical post-transcriptional regulation of gene ex-

pression via ncRNAs. Multiple groups have demonstrated
that antisense RNA directed against promoter regions, rather
than transcripts, can silence gene expression [reviewed in ref.
(191)]. Critically, this repressive environment can substan-
tially outlast exposure to siRNA. Hawkins et al. demonstrated
that a 1-week induction of shRNA mediates transcriptional
silencing of the human ubiquitin C gene for up to 1 month
(112). This silencing was dependent on the activity of several
repressive epigenetic enzymes, including HDAC1, DNMT1,
and DNMT3a, strongly supporting an epigenetic role in the
establishment of a repressed state (112).

Collectively, these studies have established a role for epi-
genetic machinery in the regulation and maintenance of RNA-
mediated gene silencing. Although the specific nature of the
interactions between RNA and proteins leading to the re-
cruitment and activity of DNMTs, HDACs, HMTs, and other
critical epigenetic regulatory enzymes has yet to be deter-
mined, ncRNA-mediated epigenetic events will likely garner
increasing interest as further research is undertaken. We have
only briefly touched upon these issues here, as an in-depth
description of the field is beyond the scope of this review.
For further reading on the topic of epigenetic mechanisms

FIG. 9. The citric acid cycle
and key metabolic intersec-
tions. The citric acid cycle is a
critical intersection between
catabolic and anabolic pro-
cesses that has many implica-
tions for epigenetic events.
To supplement the basic 8-
reaction cycle, we have in-
cluded the utilization of 2-OG
as a substrate by the 2-OG
and Fe(II)-dependent dioxy-
genases, as well as the ability
of both succinate and fuma-
rate to inhibit these enzymes.
Additionally, superoxide pro-
duced during conditions of
oxidative stress may interfere
with both SDH and aconitase,
leading to different substrate
balances that could affect
downstream processes. SDH,
succinate dehydrogenase.
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developmental programming and in cancer, please refer to
Hitchler and Domann (119, 120).

V. Toward a Global Model for Redox
Epigenetic Maintenance

In the preceding sections, we addressed several key epi-
genetic modifications and the importance of redox processes
for their appropriate maintenance. Importantly, the redox
events described here are not insulated from one another;
indeed, there are strong interactions between the individual
processes that contribute to an overall redox environment
within a cell. This is an important concept considering our
initial definition of epigenetics as a broad mechanism for the
transduction of both genetic and nongenetic events. It also
implies that isolated redox perturbations can have signifi-
cantly broader consequences on epigenetic enzyme func-
tionality in vivo, as the ultimate signal that reaches an
epigenetic enzyme in a cellular environment may be dictated
by multiple redox stimuli that originated from an original
insult. For example, if we consider a situation in which a cell is
experiencing prolonged oxidative stress, we might imagine

that multiple processes are taking place (Fig. 16). One conse-
quence might be a depletion of the cellular GSH pool, which
would perturb cysteine and methionine metabolism, leading
to a reduction in the SAM available for critical methyl-
transferase reactions. Under these same conditions, we might
expect that other antioxidants may be depleted as well. The
depletion of ascorbate in this manner would be associated
with aberrant iron redox metabolism both at the level of the
epigenetic enzymes themselves, and in the maintenance of the
LIP through the action of the IRP regulatory axis. This would
limit the effectiveness of iron-requiring epigenetic enzymes.
Moreover, oxidative stress could potentially affect the en-
zymes of the CAC, leading to aberrant concentrations of
critical intermediates that also have direct effects on epige-
netic enzymes. In such situations, the epigenetic maintenance
systems in cells may be affected on multiple levels, and the
overall redox environment would contribute to epigenetic
instability. Clearly, this would represent a complex network
of redox dysregulation, and in such prolonged cases of
oxidative stress, cellular viability might be compromised
long before epigenetic processes are irreversibly damaged.
However, the modes of redox interactions with epigenetic
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FIG. 16. A global illustra-
tion of oxidative stress and
epigenetics. Oxidative stress
may contribute to epigenetic
perturbation through each of
the means discussed in this
review. The number of ways
in which epigenetics may po-
tentially be affected by me-
tabolism strongly suggests
that study of the overall epi-
genetic status will become in-
creasingly important as we
move toward better under-
standing of disease processes.
Numbers adjacent to individ-
ual sections on the chart indi-
cate the figures that focus
more exclusively on each to-
pic. It is also critical to note
that some of the arrows indi-
cating the trending directions
of individual components
may be reversed under certain
conditions. For example, some
generalized oxidative stress
would move the arrow of the
NADþ=NADH ratio up, not
down as we have suggested.
However, when one considers
specific oxidative stressors
such as alcohol, we can ob-
serve changes in the indicated
directions.
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Il SISTEMA REDOX controlla  
le funzioni del MICROBIOTA 

Jones RM, et Al. Cell Rep. 2015. 12 (8): 1217–1225.  
Iorio EL. Il TAO REDOX. Edizioni EDRA, Milano. 2018.  

ROS 

AOX 

Keywords
Nrf2; lactobacillus; Reactive oxygen species; microbiota; cytoprotection; hormesis

Introduction
The prokaryotic microbiota of virtually all metazoans participate in many symbiotic 
functions, including regulation of cellular growth and survival (Neish and Jones, 2014). 
However, the host intrinsic mechanisms that mediate non-immune symbiont-induced effects 
are largely unknown. A well-studied and evolutionarily highly conserved system for 
transducing exogenous stimuli into eukaryotic transcriptional responses is the Nrf2 pathway. 
Nrf2 activation upregulates a regulon of genes including those involved in xenobiotic and 
reactive oxygen species (ROS) detoxification, as well as pro-restitutive function. This 
pathway has attracted considerable attention because small molecule inducers of Nrf2 have 
cytoprotective effects against oxidant and electrophilic environmental stressors (Kobayashi 
et al., 2009). Our research group has recently reported that lactobacilli, which are 
constituents of the microbiota in many metazoans and well-known probiotic agents, are 
highly adapted to induce the generation of physiological levels of ROS in cells of the 
intestinal epithelium and consequent induction of cell proliferation (Jones et al., 2013).

Gut bacteria stimulate reactive oxygen species (ROS) production in epithelial cells by an 
enzymatic mechanism analogous to the pathogen-induced respiratory burst in phagocytes 
(Alam et al., 2013; Jones et al., 2013). Cellular ROS are generated by the catalytic action of 
NADPH oxidases. The first and exemplary member of this family of enzymes, Nox2, was 
characterized in phagocytes, and is well known to function in neutrophil microbicidal ROS 
generation in response to pathogens. Thereafter, isozymes of Nox2 were identified in 
nonphagocytic tissues, including Nox1, which is highly expressed in colonic enterocytes of 
both flies and mice (Lambeth and Neish, 2014). Interestingly, enzymatically generated ROS 

Jones et al. Page 2

Cell Rep. Author manuscript; available in PMC 2016 August 25.
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MICROBIOME, GUT & Co. 
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The redox system is one of the most ancient and efficient 
adaptive system, as results from studies in Plants. 

The redox system mediates stress response and allows 
Plants to dial indirectly with other living organisms 

UV 
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1008 D. W. Lamming, J. G. Wood and D. A. Sinclair
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human consumption. An intriguing prediction of the
hypothesis is that we might one day use xenohormetic
molecules therapeutically, to provoke an artificial sirtuin
response that could provide the same remarkable
health benefits currently reserved for calorie-restricted
animals.
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ecules to stimulate sirtuins during times of stress. Plants have 
retained this ability. Survival pathways in fungi and animals have 
retained the ability to respond to plant stress signalling molecules 
because they provide useful prediction about the state of the environ-
ment and/or food supply. This ability would allow organisms to pre-
pare for and survive adversity when they might otherwise perish 
(Howitz et al., 2003).
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human consumption. An intriguing prediction of the
hypothesis is that we might one day use xenohormetic
molecules therapeutically, to provoke an artificial sirtuin
response that could provide the same remarkable
health benefits currently reserved for calorie-restricted
animals.
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Given the remarkable similaritie
s in cellular structure (morphological and ultra

-structural features),

molecular motilit
y, biochemical physiology, ability

to capture prey by phagocytosis and interactions with

microbial pathogens, here we pose the question whether Acanthamoeba and macrophages are evolution-

ary related. This is discussed in the light of evolution and functional aspects such as the astonishing

resemblance of many bacteria
to infect and multip

ly inside human macrophages and amoebae in analo-

gous ways. Further debate and studies will determine if Acanthamoeba is an evolutionary ancestor of

macrophages. Is this a myth or reality
?

! 2011 Elsevier Inc. All rights reserved.
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Dear Editor,

Acanthamoeba and macrophages share remarkable similaritie
s in

their cellular structure (morphological and ultra
-structural fea-

tures), molecular motilit
y, biochemical physiology, ability

to cap-

ture
prey by phagocytosis

and interactions with
microbial

pathogens (Fig. 1). Is it plausible that Acanthamoeba and macro-

phages are evolutionary related? As opposed to higher animals that

are highly complex, protists (single-celled organisms) are consid-

ered as ‘‘simple’’ organisms but much of complexity
arose early

in

evolution. Amoebae are unicellular protists that separated from

the tree leading to the emergence of metazoan over a billio
n years

ago (Cosson and Soldati, 2008; Khan, 2009). Based on the ribosomal

RNA sequences, it is estim
ated that protists such as amoeba appear

near the base of eukaryotic evolution with
strong similarity

to fungi

and animals. A partia
l genome analysis of Acanthamoeba revealed

that it can eat and reproduce, crawl and phagocytose, form
cysts

to wait out bad conditio
ns, and organize itself internally

much as

a human cell does (Anderson et al., 2005). The human body also in-

cludes cells that can crawl and phagocytose, such as macrophages.

Macrophage-lik
e

phagocytes
occur

throughout the
animal

kingdom, from marine sponges to insects and other lower and high-

er invertebrates/vertebrates (Hanington et al., 2009), suggesting a

common source, earlie
r in the evolution. The ability

of amoebae to

distinguish between self and non-self is a pivotal one and is the root

of the immune system of many species (Janeway et al., 2001).

Recent work has shown that Acanthamoeba is the Trojan horse

of the microbial world. With
no real specificity, it is known to up-

take a variety of microbes including viruses (mimivirus, coxsacki-

eviruses,
adenoviruses,

poliovirus,
echovirus,

enterovirus,

vesicular stomatitis
virus etc.),

bacteria
(Aeromonas, Bacillus,

Bartonella, Burkholderia, Campylobacter, Chlamydophila, Coxiella,

Escherichia
coli, Flavobacterium, Helicobacter, Legionella, Liste

ria,

Staphylococcus, Mycobacterium, Pasteurella, Prevotella, Porphyro-

monas, Pseudomonas, Rickettsia
, Salmonella, Shigella, Vibrio, etc.),

protists (Cryptosporidium, Toxoplasma gondii) and yeast (Cryptococ-

cus, Blastomyces, Sporothrix, Histo
plasma, Streptomyces, Exophiala,

etc.) (reviewed in Khan (2009)). Conversely, macrophage lite
rally

translates to ‘‘big eaters’’. Being phagocytic
cells, they are a major

line of defence against invading microbes. The key property
of

the macrophage is phagocytosis, which is shared with
Acantha-

moeba. Phagocytosis probably appeared early
in evolution (Delves

et al., 2006), evolving first in unicellular eukaryotes.

The astonishing resemblance of many bacteria
to infect and

multip
ly inside human macrophages and amoebae in analogous
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The involvement of transcriptional factors 

Many pathways lead to cancer through  
oxidative stress and inflammation 

Figure 1.
Molecular mechanism of selected transcription factors in cancer. AP-1, activator protein-1;
ARE, antioxidant response element; ARNT, aryl hydrocarbon receptor nuclear translocator;
CK1, casein kinase 1; COX-2, cyclooxygenase-2; CXCR4, C-X-C chemokine receptor type
4; EPO, erythropoietin; ERK, extracellular signal-regulated kinases; ET-1, endothelin-1;
Gli-1 glioma-associated oncogene homologue 1; GSK3, glycogen synthase kinase 3; GST,
glutathione-S-transferase; Hh, hedgehog; HIF-1, hypoxia inducible factor-1; HO-1, heme
oxygenase-1; HRE, hypoxia responsive element; IAPs, inhibitor of apoptosis proteins; IGF-
BP3, insulin-like growth factor-binding protein 3; IKK, inhibitor of κB (IκB) kinase; Jak,
Janus kinase; JNK, c-Jun N-terminal kinases; L, ligands; MAPK, mitogen-activated protein
kinase; MKK, MAPK kinases; MMP, matrix metallopeptidase; NF-κB, nuclear factor-κB;
NQO-1, NAD(P)H:quinone oxidoreductase; NRF2, NF-E2-related factor-2; P,
phosphorylation; PKC, protein kinase C; PPARγ, peroxisome proliferator-activated
receptor; Ptch1, protein patched homologue 1; ROS, reactive oxygen species; Smo,
smoothened; STAT3, signal transducer and activator of transcription 3; TBE, Tcf/β-catenin
binding element; Tcf, T-cell factor; TRE, 12-O-tetradecanoylphorbol-13-acetate (TPA)-
responsive element; uPA, urinary plasminogen activator; VEGF, vascular endothelial
growth factor.
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Primary causes and mechanisms of unsuccessful aging 

Oxidative di-stress can be a possible common 
denominator of different processes leading to aging 
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FUNZIONE OSSIDANTE 

d-ROMs test  250-300 U CARR 

FUNZIONE ANTIOSSIDANTE 

BAP test > 2200 µmol/L 

8-isoprostani <60 pg/mL 

AOPP < 29 µmol/L 

Chemiluminescenza 0.10 – 0.32 cps/cell 

TAS > 1.54 µmol/L 

OXY-Adsorbent test >350 mmol/L 

-SHp test 450-650 µmol/L 

SOD eritrocitaria 750-1150 UI/gHb 

GPx eritrocitaria 38-64 UI/gHb 

GRx eritrocitaria 47-79 U/gHb 

Catalasi eritrocitaria >0.9 MU/gHb 

Valori di riferimento dei più comuni test per la 
valutazione dello stress ossidativo nella pratica clinica 

Iorio EL. Lo stress ossidativo. Trattato Italiano di 
Medicina di Laboratorio. 2009. Piccin, Padova. 
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Statistically significant relationships between  
telomere lenght and age/PCAL/oxidative stress 

Masi et Al. Free Radic Biol Med. 2011. 50: 730–735. 

Telomere lenght vs. PCAL Telomeres lenght vs. d-ROMs Telomere lenght vs. age 
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T/
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T/
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the relationship between clinical attachment levels and LTL could
reflect an early exhaustion of the regenerative ability of the local
gingival tissues. This could be driven by an early senescence of the
various cell lines involved in the tissue turnover. Given the lack of data
regarding the changes in telomere length from normal gingival tissue
we can only suggest that this relationship is representative of a

concomitant and generalized aging process of all different tissues that
are involved in the inflammatory response. Recent evidence, however,
suggests that there could be a synchronization of telomere length
along somatic cells recovered from different tissues [35,36]. Takahashi
et al. did not find a significant correlation between LTL and human
gingival fibroblast telomere lengths [26]. However, this relationship
was explored in patients with aggressive periodontitis, which, based
on our data, might not show shorter LTL. The quantitative PCR-based
assay measures the average telomere length across all leukocytes in
the peripheral blood. Because of the observed difference in the total
leukocyte count between cases and controls in our study, we could
not exclude that different leukocyte subpopulations with shorter
telomeres could have been present in the cases. Nevertheless, a recent
report suggested that aging processes, including oxidative stress and
inflammation, could involve all different subpopulations of white cells
in the peripheral blood as a reflection of their common origin from the
bone marrow hematopoietic stem cells [37]. Finally, the low number
of patients with a diagnosis of aggressive periodontitis could probably
account for the lack of difference observed in the LTL with respect to
the control group. However, it is important to emphasize that our
results do not show a trend of shorter LTL in the subgroup of patients
with aggressive disease and are in agreement with previously
reported data [26].

Conclusions

In conclusion our data suggest that chronic inflammation could be
the main driver of shorter LTL in patients with periodontitis and that
the local and systemic effects of oxidative stress could be considered
the main predictor of the LTL attrition. Moreover, the evidence of
shorter LTL detected in individuals with chronic periodontitis could
provide a possible biological explanation for the reported higher
mortality rate in these patients compared to the general population.
Further research and longitudinal studies, however, are needed to
confirm the prognostic importance of these findings.
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Fig. 2. Scatter plots of leukocyte T/S ratios against (A) D-ROM test serum levels (R=−0.2,
P=0.001) and (B) periodontal clinical attachment levels (R=−0.2, P=0.008), by
Spearman rank correlation test. Controls are drawn as open circles and cases as filled
triangles.

Fig. 3. Scatter plot of predicted T/S ratios based on fully adjusted models (age, gender,
ethnicity, smoking, lipids) by age in cases and controls. Controls are drawn as open circles
and cases as filled triangles. Solid line corresponds to the slope of T/S by age in cases and
dashed line to the slope of T/S by age in controls. P value of the statistical difference in slope
between cases (slope=0.002) and controls (slope=0.035) is 0.001.
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the relationship between clinical attachment levels and LTL could
reflect an early exhaustion of the regenerative ability of the local
gingival tissues. This could be driven by an early senescence of the
various cell lines involved in the tissue turnover. Given the lack of data
regarding the changes in telomere length from normal gingival tissue
we can only suggest that this relationship is representative of a

concomitant and generalized aging process of all different tissues that
are involved in the inflammatory response. Recent evidence, however,
suggests that there could be a synchronization of telomere length
along somatic cells recovered from different tissues [35,36]. Takahashi
et al. did not find a significant correlation between LTL and human
gingival fibroblast telomere lengths [26]. However, this relationship
was explored in patients with aggressive periodontitis, which, based
on our data, might not show shorter LTL. The quantitative PCR-based
assay measures the average telomere length across all leukocytes in
the peripheral blood. Because of the observed difference in the total
leukocyte count between cases and controls in our study, we could
not exclude that different leukocyte subpopulations with shorter
telomeres could have been present in the cases. Nevertheless, a recent
report suggested that aging processes, including oxidative stress and
inflammation, could involve all different subpopulations of white cells
in the peripheral blood as a reflection of their common origin from the
bone marrow hematopoietic stem cells [37]. Finally, the low number
of patients with a diagnosis of aggressive periodontitis could probably
account for the lack of difference observed in the LTL with respect to
the control group. However, it is important to emphasize that our
results do not show a trend of shorter LTL in the subgroup of patients
with aggressive disease and are in agreement with previously
reported data [26].

Conclusions

In conclusion our data suggest that chronic inflammation could be
the main driver of shorter LTL in patients with periodontitis and that
the local and systemic effects of oxidative stress could be considered
the main predictor of the LTL attrition. Moreover, the evidence of
shorter LTL detected in individuals with chronic periodontitis could
provide a possible biological explanation for the reported higher
mortality rate in these patients compared to the general population.
Further research and longitudinal studies, however, are needed to
confirm the prognostic importance of these findings.
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in the peripheral blood as a reflection of their common origin from the
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the control group. However, it is important to emphasize that our
results do not show a trend of shorter LTL in the subgroup of patients
with aggressive disease and are in agreement with previously
reported data [26].
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In conclusion our data suggest that chronic inflammation could be
the main driver of shorter LTL in patients with periodontitis and that
the local and systemic effects of oxidative stress could be considered
the main predictor of the LTL attrition. Moreover, the evidence of
shorter LTL detected in individuals with chronic periodontitis could
provide a possible biological explanation for the reported higher
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Fig. 2. Scatter plots of leukocyte T/S ratios against (A) D-ROM test serum levels (R=−0.2,
P=0.001) and (B) periodontal clinical attachment levels (R=−0.2, P=0.008), by
Spearman rank correlation test. Controls are drawn as open circles and cases as filled
triangles.

Fig. 3. Scatter plot of predicted T/S ratios based on fully adjusted models (age, gender,
ethnicity, smoking, lipids) by age in cases and controls. Controls are drawn as open circles
and cases as filled triangles. Solid line corresponds to the slope of T/S by age in cases and
dashed line to the slope of T/S by age in controls. P value of the statistical difference in slope
between cases (slope=0.002) and controls (slope=0.035) is 0.001.
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Reactive species (NO) can be detected in vivo:  
redox mapping of tumours is now available. 

Tumor imaging

Due to their heterogeneous structure, tumors have been
studied since the introduction of EPRI (9, 26). Redox status
and oxygenation are important in designing therapy (espe-
cially radiotherapy) and/or in assessing tumor response to
therapy. Tumors are heterogeneous in both aspects; hence, it is
desirable to obtain spatially resolved images of nitroxide dis-
tribution and clearance simultaneously within the tumor vol-
ume as well as oxygenation, if possible. Various approaches
employing the EPR/MRI combination, or individual technique
and probe selection, have been used (37, 40, 54, 58, 73, 74, 98,
113, 132, 146, 156, 157). An example of tumor heterogeneity
in reduction rates of nitroxide is given in Figure 7. It has been
generally concluded that the reduction of nitroxides in tumors
is faster than in normal tissue, irrespective of whether the re-
duction in tumors implanted in the muscle is compared with
the muscle (54, 58, 73, 74, 146) or when gastric cancer is

compared with normal mucosa (98). Faster bioreduction in
tumors can be a consequence of an increased amount of en-
dogenous reducing agents such as thiols [reduction was slower
in both normal tissue and tumor in animals depleted with thiols
(74, 146)], ascorbate, enzymes (Fig. 7). Chemically, nitroxides
do not react with thiols, but altering the concentration of the
thiol or changing the ratio of redox pairs has an impact on the
clearance of the nitroxide; therefore, in vivo reduction of
nitroxides also depends on the oxygen content and on the
levels of GSH (74). Lack of oxygen, reflecting the well-known
fact that reduction is faster in oxygen-depleted tissues, may
also be responsible and tumors tend to have large hypoxic
regions. Studies of tumors in animals breathing carbogen
showed decreased reduction of nitroxides and decreased re-
duction heterogeneity with increased oxygenation (58), but a
simultaneous study on reduction of nitroxides and direct
oxymetry showed a rather poor correlation between these in
normal air-breathing animals (132).

FIG. 7. EPRI of the thigh of mouse with implanted RIF-1 tumor. Left: Selected EPR images of clearance of 3CP
nitroxide in untreated and BSO-induced (agent for glutathione synthesis) tumors. Middle: Redox mapping of the tumor.
Two dimensional mapping of pseudo-first-order rate constants and frequency plot of 3CP reduction rate constants. Right:
The semilog plot showing the whole tissue clearance of nitroxide in tumors and normal muscle of contra lateral leg. Images
of tumor and muscle used for the measurement of pharmacokinetic data were collected simultaneously on the same animals.
Adapted from Kuppusamy et al.(74). Reprinted with permission of AACR. To see this illustration in color, the reader is
referred to the web version of this article at www.liebertpub.com/ars

FIG. 6. EPRI of rat brain. Left: The dynamic pattern of selected transversal EPR images of rat head 5 mm posterior to
the bregma in the KA-treated and control groups at different times after injection of PCAM nitroxide. Right: Pharmaco-
kinetic curves for brain regions. The cortical half-lives of PCAM in the control and KA groups were 18.0 – 1.2 and
19.2 – 0.7 min, whereas the hippocampal half-lives of PCAM in the control and KA groups were 10.4 – 0.8 and
15.9 – 0.7 min, respectively. Adapted from Yokoyama et al. (153). Reprinted with permission of Elsevier. KA, kainic-acid.
To see this illustration in color, the reader is referred to the web version of this article at www.liebertpub.com/ars
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EPRI of the thigh of mouse with implanted RIF-1 tumour. Left: selected EPR images of 
clearance of 3CP nitroxide in untreated and BSO-induced (agent for glutathione synthesis) tumours. 
Middle: redox mapping of the tumour; two dimensional mapping of pseudo-first-order rate 
constants and frequency plot of 3CP reduction rate constants. Right: the semilog plot showing the 
whole tissue clearance of nitroxide in tumors and normal muscle of contra lateral leg. Images of 
tumour and muscle used for the measurement of pharmacokinetic data were collected 
simultaneously on the same animals. 
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larger and more energy-efficient organisms, the ancient
mechanisms of sulfur metabolism had to face the new chal-
lenge of dealing with rapid oxidation processes superimposed
onto those that controlled electron transfer in all life forms until
then. This model helps to explain why many regulatory path-
ways are connected to fundamental sulfur-mediated electron
transfer processes. As the levels of complexity increased from
unicellular to larger multicellular organisms, the fundamental
principles of regulation were conserved.

In this review, we provide an integrative biology concept
of redox regulation (Fig. 1). We here define the chemical
interaction of RSS, RNS, and ROS among themselves and
with downstream biological targets as the reactive species
interactome (RSI) (Box 1; Table 1). We propose that the RSI
serves an integrative function to sense multiple stressors and
adjust bioenergetic/metabolic needs accordingly by activat-
ing downstream effector pathways to ensure the organism is
able to respond to environmental change and stay fit for
purpose (Box 2 and Fig. 1). Within this model, H2S along
with other thiols is considered an important source of RSS,

which have a critical role in enabling and supporting this
complex cell signaling network.

The current review discusses how (i) the RSI evolved and
contributed to shape evolution; (ii) the chemistry of the RSI is
linked to cysteine-based redox switches/relays, enabling
sensing and transduction of stress signaling for short- and
long-term adaptation; (iii) precursor/cofactor availabilities
due to changes in intermediary metabolism affect the RSI;
(iv) a system-level analysis of these redox signaling elements
can contribute to our understanding of fundamental biology
and (patho)physiology; and how (v) embracing redox biology
in clinical practice and public health can help explain vari-
ability in response and thereby contribute to the development
of more appropriate sensitive and specific and preventive or
therapeutic interventions.

How It All Began: Evolution of the RSI

Life began nearly 4 billion years ago (bya), and *85% of
all ensuing evolution occurred under anoxic or extremely

FIG. 1. Intracellular, extracellular, and interorgan/systemic role of the RSI. Precursors of the RSI are organic and
inorganic substrates and cofactors, including amino acids (e.g., arginine, methionine), vitamins (B6, B12, C), and xanthine,
as well as oxygen, nitrite, polysulfides, thiosulfate, and sulfate, which are transformed by mitochondrial or cytoplasmic
enzymes into ROS, RNS, and RSS. The chemical interactions among ROS, RNS, and RSS lead to formation of a number of
products with different reactivities, stabilities, half-lives, and therefore different lifetimes defined by their physicochemical
properties, covering a wide range of maximal travel distances. A common target of the RSI are cysteine thiols in proteins,
acting as redox switches, able to fine-tune activity of signaling molecules, and leading to short-term responses (e.g., protein
kinases and phosphatases inducing changes in signaling and glucose metabolism) or long-term adaptation (by modifying
redox switches responsible for gene expression regulation, such as the HIF, NFkB, and Keap1/Nrf2 pathways). The RSI
serves also as a local and systemic heterocellular communication system mediated by actions of longer-lasting products of
the RSI (e.g., nitrite, polysulfides) and circulating thiols. The nutritional and physiological status of the organism affects the
RSI by reciprocally regulating precursor availability, metabolism, signaling, and mitochondrial function. RNS, reactive
nitrogen species; ROS, reactive oxygen species; RSS, reactive sulfur species.
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the causality of oxidative modifications versus detrimental outcome in
biological systems. “ROS” is discussed below in detail, while oxidative
stress is usually defined as an imbalance between production of ROS
and antioxidants and the ensuing pathophysiological consequences of
increased, unspecified ROS. If the term oxidative stress is used retro-
spectively via determination of oxidative modifications of proteins,
lipids or DNA, it might instead be oxidative damage. Direct measure-
ments of oxidative stress often use oxidized glutathione as readout, but
Morgan et al. identified immediate glutathione disulfide removal
pathways and antioxidant backup systems that ensured redox home-
ostasis [43]. In some circumstances oxidative stress is correlated with
the presence or upregulation of an enzyme that can (but might not)
generate superoxide or hydrogen peroxide, or the presence of cell types
that produce these species when activated. However, the outcome in
redox biology will always be dependent on the type of oxygen species
generated over a certain time period at a certain location. One example
is wound healing which requires ROS [44], but may progress to fibrosis
when deregulation of the process occurs [45]. Another example is
hypoxic tissue reconstitution facilitated by the neutrophil oxidative
burst [46] versus neutrophil-mediated tissue injury in other circum-
stances [47]. What happens when the predominant superoxide source is
missing is evident in chronic granulomatous disease (CGD), an inher-
ited immunodeficiency caused by inactivating variants of the NOX2
NADPH oxidase complex. CGD patients present not only with life-
threatening infections, but also with hyperinflammation, and Cybb-/-

(Nox2) knockout mice show an increase in proinflammatory mediators
and tissue damage in disease models [48–50].

As Carsten Berndt and Marcus Conrad note, ROS, a widely used
umbrella term, urgently needs specification. Its use is misleading, as
just some of the molecules encompassed under this term are indeed
reactive species. This is especially true for the non-radical species, and
it is another common misunderstanding that all ROS are radicals.
Unlike the hydroxyl radical (HO•) or the superoxide anion radical (O2

•-)
singlet oxygen (1O2) or hydrogen peroxide (H2O2) are not radicals,
which is underlined by the different reactivities (second order rate
constant M−1 s−1) of ROS with a given substrate (methionine) that
range from 2×10−2 (H2O2) to 7x109 (HO•) [51]. Another often
neglected fact is the continuous formation of certain reactive species
by enzymes under physiological conditions. Ero1α, for instance, gen-
erates one H2O2 molecule following each disulfide bridge formed in the
endoplasmic reticulum. Therefore, reactive species cannot be consid-
ered solely a phenomenon of damage and disease. These species formed

under physiological conditions can contribute to diverse cellular
functions. For instance, reversible oxidative posttranscriptional thiol
modifications are important during several processes in cells or even
whole organisms including embryonic development [52,53]. Moreover,
the formation of reactive species at different subcellular sites distin-
guishes between cellular functions, such as stem cell maintenance or
differentiation [54]. Not only posttranslational oxidative modifications,
but also damage by certain types of reactive species can be a trigger for
specific cellular functions: Ferroptosis after lipid peroxidation was
recently shown to specifically impede reprogramming into neurons
[55]. For these reasons, it is impossible to measure “ROS”, to induce
“ROS”, to inhibit “ROS”, or to accumulate “ROS”. Besides scientific
recognition, limited experimental tools are a problem to move research
forward (or back) to the specific investigation of specific species.
Promising in vivo tools are highly sensitive genetically encoded
fluorescence probes [56] and genetic cell and animal models with
targeted deficiencies in professional redox enzymes dealing with a
select subset of distinct reactive species, such as the ferroptosis
regulator glutathione peroxidase 4 [57]. Several research communities
focus or have focused on ROS molecules, e.g. the Oxygen Club of
California, the Society for Free Radical Research (SFRR), and EU-ROS.
Hence, researchers working in the field of redox biology must,
whenever possible, discriminate among the different partially reduced
forms of oxygen being studied as this will allow us to acknowledge their
different chemical features and/or biological functions as well as
ultimately help to provide strong and solid mechanistic data on
important biological processes.

2.2. ROS sources and their activation

There are circumstances where the term “ROS” is unavoidable,
mainly due to our inability to exactly measure the species generated in
a spatiotemporal manner or to correctly identify or discriminate
between species responsible for a certain biological event. Sometimes
a mixture of oxygen metabolites is produced as several sources are
stimulated or interact with each other. Thus, ROS sources should not be
considered isolated enzymatic systems, and biological processes may
involve ROS-induced ROS (Andreas Daiber and Matthias Oelze). There
is increasing evidence that they can crosstalk with each other via
reactive oxygen and nitrogen species signaling [35,58]. The theory of
so-called “kindling radicals” or also the “bonfire” hypothesis is based on
the formation of a few primary ROS that “inflame” a cascade of ROS

RONS 
sources

Beneficial redox signaling Detrimental in specific disease

Should be preserved by redox
drugs

Should be specifically inhibited in 
specific disease

Possible strategies: Repair of proteins, source specific inhibitors, ac!vators of
endogenous an!oxidant systems, inhibi!on of toxifiers, cell- ,organelle-, or species-

specific direct RONS scavengers

Requires advanced imaging and biomarkers to verify successful therapy

RONS 
targets

Fig. 1.1. The main concept of our biomedical approach and working scheme within the EU-ROS consortium as explained in detail previously [32].
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The European Cooperation in Science and Technology (COST) provides an ideal 
framework to establish multi- disciplinary research networks. COST Action BM1203 (EU-
ROS) represents a consortium of researchers from different disciplines who are 
dedicated to providing new insights and tools for better understanding redox biology 
and medicine and, in the long run, to finding new therapeutic strategies to target 
dysregulated redox processes in various diseases. This report highlights the major 
achievements of EU-ROS as well as research updates and new perspectives arising 
from its members. The EU-ROS consortium comprised more than 140 active members 
who worked together for four years on the topics briefly described below. The 
formation of reactive oxygen and nitrogen species (RONS) is an established hallmark of 
our aerobic environment and metabolism but RONS also act as messengers via redox 
regulation of essential cellular processes. The fact that many diseases have been found 
to be associated with oxidative stress established the theory of oxidative stress as a 
trigger of diseases that can be corrected by antioxidant therapy. However, while 
experimental studies support this thesis, clinical studies still generate controversial 
results, due to complex pathophysiology of oxidative stress in humans. For future 
improvement of antioxidant therapy and better understanding of redox-associated 
disease progression detailed knowledge on the sources and targets of RONS formation 
and discrimination of their detrimental or beneficial roles is required. In order to 
advance this important area of biology and medicine, highly synergistic approaches 
combining a variety of diverse and contrasting disciplines are needed.  
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Identificazione dei valori di normalità della  
capacità ossidante totale nei cani Labrador 

Pasquini, Iorio et Al. Vet Res Comm. 2008. 32: 137–143. 

An high level of ROS (Reactive Oxygen Species), due to an 
increased production of oxidant species and/or a decreased 
efficacy of antioxidant system, can lead to oxidative stress, an 
emerging health risk factor involved in the aging and in many 
diseases, including inflammatory, infectious and degenerative 
disorders, either in humans or in animals. In the last years some 
assays panels have been developed to globally evaluate the 
oxidative balance by means of the concomitant assessment of 
ROS production and antioxidant system capability. In this report, 
the validation trials of d-ROMs (Reactive Oxygen Metabolites— 
derived compounds) and BAP (Biological Antioxidant Potential) 
tests in canine specie are described and also the specific referral 
ranges are calculated in a Labrador population. The results of 
linearity, precision and accuracy trials show that both tests exhibit 
good to excellent analytical performances. The possibility of 
measuring oxidative stress in vivo with simple, cheap and 
accurate tests, d-ROMs test and BAP test, provides for the 
veterinarians a very suitable tool to monitor oxidative stress and 
to correctly choice of eventual antioxidant supplementations in 
diseases proven related to oxidative stress in animals and 
particularly in dogs. Further studies will be useful to confirm this 
possibility. 

56.4 – 91.4  U CARR (DS 8.78) 
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Established and emerging plasma biomarkers in  
the prediction of first atherothrombotic events 

Riedker et Al. Circulation. 2004. 109: IV6–IV19. 

� In the current Adult Treatment Panel guidelines for 
cardiovascular risk detection, the plasma-based markers 
recommended for use in global risk assessment or in the 
definition of the metabolic syndrome are low-density 
lipoprotein cholesterol (LDL-C), high-density lipoprotein 
cholesterol, and triglycerides.  
� It is widely recognized, however, that more than half 
of all future vascular events occur in individuals without 
overt hyperlipidemia. For example, in a recent large-
scale analysis of >27 000 healthy American women, 
77% of all future events occurred in those with LDL-C 
levels <4.14 mmol/L (<160 mg/dL) and 45% of all 
events occurred in those with LDL-C values<3.36 mmol/
L (<130 mg/dL).  
�Although risk-scoring systems that additionally evaluate 
traditional risk factors such as smoking, hypertension, 
and diabetes greatly improve risk prediction, multiple 
studies demonstrate that 20% to 25% of all future 
events occur in individuals with only 1 of these factors. 
Moreover, the prevalence of traditional risk factors is 
almost as high in those without disease as in affected 
individuals. 

Established and Emerging Plasma Biomarkers in the
Prediction of First Atherothrombotic Events
Paul M Ridker, MD, MPH; Nancy J. Brown, MD; Douglas E. Vaughan, MD;

David G. Harrison, MD; Jawahar L. Mehta, MD, PhD

In the current Adult Treatment Panel guidelines for cardio-vascular risk detection,1 the plasma-based markers recom-
mended for use in global risk assessment or in the definition
of the metabolic syndrome are low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol, and
triglycerides. It is widely recognized, however, that more than
half of all future vascular events occur in individuals without
overt hyperlipidemia. For example, in a recent large-scale
analysis of !27 000 healthy American women, 77% of all
future events occurred in those with LDL-C levels
"4.14 mmol/L ("160 mg/dL) and 45% of all events occurred
in those with LDL-C values"3.36 mmol/L ("130 mg/dL).2
Although risk-scoring systems that additionally evaluate tra-
ditional risk factors such as smoking, hypertension, and
diabetes greatly improve risk prediction, multiple studies
demonstrate that 20% to 25% of all future events occur in
individuals with only 1 of these factors.3 Moreover, the
prevalence of traditional risk factors is almost as high in those
without disease as in affected individuals.4
As our understanding of the pathobiology of atherothrom-

bosis has improved, researchers have attempted to evaluate
the activities of these biological processes by measuring
markers in plasma or urine (ie, biomarkers). Indeed, a series
of candidate biomarkers reflecting inflammation, hemostasis,
thrombosis, and oxidative stress have been evaluated as
potential clinical tools in an effort to improve risk prediction.
To be useful in a clinical setting, the biomarker of interest
must be shown in multiple prospective studies to predict
future cardiovascular events. Retrospective studies are of
limited value because they are prone to bias and cannot
exclude the possibility that the particular biomarker is ele-
vated as a result of, rather than a cause of, disease. To be used
widely, the proposed biomarker should provide independent
information on risk or prognosis beyond that available from
global assessment algorithms such as the Framingham Risk
Score. The biomarker additionally should be easy to measure
in a cost-effective manner in outpatient settings. This typi-
cally requires an inexpensive and standardized commercial
assay with low variability that does not require specialized
plasma collection or assay techniques. Although not a critical
issue for risk prediction, the biomarker will have broader

acceptance if reduction of the biomarker leads to reduced
vascular risk.
Several established and emerging novel biomarkers for

vascular risk meet these criteria (Table 1), although few are
ready for clinical practice. With the exception of high-
sensitivity C-reactive protein (hsCRP), none has demon-
strated additive value over and above Framingham risk
scoring, and few are supported by commercial assays that
achieve appropriate levels of standardization and accuracy for
clinical use. Additionally, no clear evidence exists that
lowering plasma levels of any of these biomarkers, including
hsCRP, lowers vascular risk. However, many of these novel
biomarkers provide important insights into the pathophysiol-
ogy of atherothrombosis and serve as important research
tools.
This overview focuses on established and emerging bi-

omarkers in the prediction of atherothrombotic events in
apparently healthy individuals and thus includes discussion of
markers of inflammation, fibrinolysis, oxidative stress, and
altered lipids (Table 1). It is important to recognize that other
emerging vascular biomarkers, including brain natriuretic
peptide and myeloperoxidase, have shown initial promise in
the setting of acute myocardial ischemia5–7 but have yet to be
evaluated in outpatient screening of healthy individuals.
Other novel markers emerging in primary prevention include
those related to adipocyte function, including adiponectin.8

High-Sensitivity C-Reative Protein
Inflammation characterizes all phases of atherothrombosis
and provides a critical pathophysiologic link between plaque
formation and acute rupture leading to occlusion and infarc-
tion.9 C-reactive protein (CRP) is the best characterized of the
currently available inflammatory biomarkers and has
emerged as a potential marker for cardiovascular risk.10
Composed of 5 23-kDa subunits, CRP is a circulating
pentraxin that plays a major role in the human innate immune
response.11 Although generally considered to be an acute-
phase reactant, CRP is also produced in smooth muscle cells
within human coronary arteries and is expressed preferen-
tially in diseased vessels.12,13 CRP may directly affect expres-
sion of adhesion molecules, impact fibrinolysis, and alter
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High d-ROMs test values are predictive  
for cardiac death and total mortality.  

Vassalle et Al. Int J Cardiol. 2006. 110: 415–416. 

Kaplan–Meier survival curves according 
 to 75th d-ROMs test percentiles 

Cardiac death  Total mortality 

Kaplan–Meier survival curves according 
 to 75th d-ROMs test percentiles 
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Elevati valori di d-ROMs test sono predittivi  
di infarto fatale del miocardio e di ictus 

 Xuan et Al. Eur J Epidemiol. 2018.  
doi: 10.1007/s10654-018-0457  

Oxidative stress contributes to endothelial dysfunction and is 
involved in the pathogenesis of myocardial infarction (MI) and 
stroke. However, associations of biomarkers of oxidative stress 
with MI and stroke have not yet been addressed in large cohort 
studies. A nested case-control design was applied in four 
population-based cohort studies from Germany, Czech Republic, 
Poland and Lithuania. Derivatives of reactive oxygen metabolites 
(d-ROMs) levels, as a proxy for the reactive oxygen species 
burden, and total thiol levels (TTL), as a proxy for the reductive 
capacity, were measured in baseline serum samples of 476 
incident MI cases and 454 incident stroke cases as well as five 
controls per case individually matched by study center, age and 
sex. Statistical analyses were conducted with multi-variable 
adjusted conditional logistic regression models. d-ROMs levels 
were associated with both MI (odds ratio (OR), 1.21 [95% 
confidence interval (CI) 1.05-1.40] for 100 Carr units increase) 
and stroke (OR, 1.17 [95% CI 1.01-1.35] for 100 Carr units 
increase). TTL were only associated with stroke incidence (OR, 
0.79 [95% CI 0.63-0.99] for quartiles 2-4 vs. quartile 1). The 
observed relationships were stronger with fatal than with non-
fatal endpoints; association of TTL with fatal MI was statistically 
significant (OR, 0.69 [95% CI 0.51-0.93] for 100 µmol/L-
increase). This pooled analysis of four large population-based 
cohorts suggests an important contribution of an imbalanced 
redox system to the etiology of mainly fatal MI and stroke events  
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44 Researchers – more than 2,000 subjects monitored  
for 5 years – 10 different European Countries involved 

Leufkens et Al. Am J Epidemiol. 2012. 175: 653–663.  

The European Prospective Investigation Into Cancer and Nutrition (EPIC) was designed to prospectively investigate the relation 
between diet and various lifestyle factors and the risk of cancer. The study was initiated in 1991 and included 521,448 participants, 
approximately 70% women and mostly aged 35–70 years. Participants were recruited at 23 regional or national centres in 10 
European countries (Denmark, France, Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden, and the United Kingdom). 
In the majority of study centres, individuals were selected from the general population of a specific town or province.  

d-ROMs test values (CARR U) 

Multivariate-adjusted continuous incidence rate ratios for colorectal, colon, and rectal cancer according to a 1-SD 
increase in d-ROMs test values, by tertile of follow-up time.  

Abbreviations. CI, confidence interval; IRR, incidence rate ratio; d-ROMs, reactive oxygen metabolites. 
aConditioned on matching factors and adjusted for smoking status/dose/duration, physical activity, educational level, month of blood collection, weight, height, 
waist circumference, intake of red meat, processed meats, alcohol, fruit, vegetables and fish. 
bA 1-unit increase in SD was the same for all cancer sites: 74.4 U/mL. 
cCutoff points for follow-up time were the same for all cancer sites: <2.63 years and <4.81 years. 
dIn the total data set. 
eP for heterogeneity across tertiles, calculated using the heterogeneity statistic derived from the inverse variance method.      
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High d-ROMs test values coupled to high CRP are 
associated with increased risk of colorectal cancer 

Aleksandrova et Al. Eur J Epidemiol.  
2014. 29 (4): 261–275.  

Background & Aims. A number of biomarkers of inflammatory and metabolic 
pathways are individually related to higher risk of colorectal cancer (CRC); 
however, the association between biomarker patterns and CRC incidence has 
not been previously evaluated. Our study investigates the association of 
biomarker patterns with CRC in a prospective nested case–control study within 
the European Prospective Investigation into Cancer and Nutrition (EPIC). 
 

Subjects and Methods. During median follow-up time of 7.0 (3.7–9.4) 
years, 1,260 incident CRC cases occurred and were matched to 1,260 
controls using risk-set sampling. Pre-diagnostic measurements of C-
peptide, glycated hemoglobin, triglycerides (TG), high-density lipoprotein 
cholesterol (HDL-C), C-reactive protein (CRP), d-ROMs test, insulin-like growth 
factor 1, adiponectin, leptin and soluble leptin receptor (sOB-R) were used to 
derive biomarker patterns from principal component analysis (PCA). The 
relation with CRC incidence was assessed using conditional logistic regression 
models. We identified four biomarker patterns ‘HDL-C/Adiponectin fractions’, 
‘ROM/CRP’, ‘TG/C-peptide’ and ‘leptin/sOB-R’ to explain 60 % of the overall 
biomarker variance. 
 

Results. In multivariable-adjusted logistic regression, the ‘HDL-C/Adiponectin 
fractions’, ‘ROM/CRP’ and ‘leptin/sOB-R’ patterns were associated with CRC risk 
[for the highest quartile vs the lowest, incidence rate ratio (IRR) = 0.69, 95 % 
CI 0.51–0.93, P-trend = 0.01; IRR = 1.70, 95 % CI 1.30–2.23, P-
trend = 0.002; and IRR = 0.79, 95 % CI 0.58–1.07; P-trend = 0.05, 
respectively]. In contrast, the ‘TG/C-peptide’ pattern was not associated with 
CRC risk (IRR = 0.75, 95 % CI 0.56–1.00, P-trend = 0.24). After cases within 
the first 2 follow-up years were excluded, the ‘ROM/CRP’ pattern was no 
longer associated with CRC risk, suggesting potential influence of preclinical 
disease on these associations.  
Conclusion. By application of PCA, the study identified ‘HDL-C/Adiponectin 
fractions’, ‘ROM/CRP’ and ‘leptin/sOB-R’ as biomarker patterns representing 
potentially important pathways for CRC development. 

Incidence rate ratios for colorectal cancer and its sub-sites, continuously and 
by tertile of d-ROMs test results.  

d-ROMs test 

HS-CRP 
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D-ROMs test values correlate with the size  
of tumour and its invasivity in colorectal patients 

Inokuma T et Al. Hepatogastroenterol. 2009. 56:343–347.  

�Elevated oxidative status has been found in many types of 
cancer cells. Recent studies have shown that the enzymatic 
product of thymidine phosphorylase (TP) generated reactive 
oxygen species (ROS) within cancer cells. The aim of this study 
was thus to evaluate the signal transduction pathway and the 
role of ROS in colorectal cancer.  
 
�Blood specimens were obtained from the drainage vein of the 
tumor during operation in 76 patients with colorectal cancer. 
Serum ROS levels were measured using d-ROMs test and serum 
TP levels were examined by a highly sensitive ELISA method.  
 
�There was no significant correlation between serum levels of 
ROS and TP. d-ROMs test levels were elevated in proportion to 
tumor invasion and had a significant positive correlation with 
tumor size (p<0.05). However, they did not increase in patients 
with liver metastasis.  
 
�These findings suggest that ROS are independent of TP-
triggered signaling transduction and are associated with 
increased tumor invasion, but not liver metastasis in patients 
with colorectal cancer. From this point of view, new strategies 
related to ROS may provide improved therapeutic results as well 
as a preventive effect on carcinogenesis of the colorectum. 

TABLE 1  Patient Characteristics

Characteristics No. of patients %
Age (yr) Median 65.3

Range 34-87
Gender Male 47 62

Female 29 38
Tumor site Colon 41 54

Rectum 35 46
Depth of invasion T1 5 7

T2 7 9
T3 55 72
T4 9 12

Tumor size ≤ 40 mm 33 43
> 40 mm 43 57

Lymph nodes (-) 43 57  
metastasis (+) 33 43
Liver metastasis (-) 64 84

(+) 12 16

FIGURE 1 Correlation between the serum thymidine phosphorylase (TP)
levels and the serum derivatives of reactive oxygen metabolites (d-ROM)
levels in venous blood drainage specimens from colorectal cancer
patients.

FIGURE 3 Relationship between the serum derivatives of reactive oxygen
metabolites (d-ROM) levels (A) and the serum thymidine phosphorylase
(TP) levels (B) and depth of invasion of colorectal cancer. Bars represent
the standard deviation.

FIGURE 4 Plot depicting the serum derivatives of reactive oxygen 
metabolites (d-ROM) levels (A) and the serum thymidine phosphorylase
(TP) levels (B) according to presence or absence of liver metastasis.
Points (ll) are the observed serum d-ROM or TP levels in individual
patients. Bars are the mean values for each group.

FIGURE 5 Schematic representation of the roles of thymidine 
phosphorylase (TP) and reactive oxygen species (ROS) in tumorigenesis.

FIGURE 2 Relationship between the serum derivatives of reactive oxygen
metabolites (d-ROM) levels (A) and the serum thymidine phosphorylase
(TP) levels (B) and tumor size. Data points represent the means±stan-
dard deviation. NS, not significant.
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Predictive value of d-ROMs test  
in chronic lymphocytic leukaemia 

D’Arena, Iorio et Al. Eur J Haematol.  
2017. doi: 10.1111/ejh.12918  

Background & Aims. To evaluate the prognostic significance of 
oxidative stress (OS) and antioxidant defense status measurement in 
patients with chronic lymphocytic leukemia (CLL). 
 
Subjects and Methods. d-ROMs test and BAP test were evaluated at 
diagnosis of 165 patients with CLL and correlated with clinical-biological 
features and prognosis. 
 
Results. 
An increased oxidative damage (d-ROMs test) and a reduced 
antioxidant potential (BAP test), were found in CLL patients than 
normal controls (p <0.0001). CLL patients with higher d-ROMs values 
had higher number of circulating white blood cells and lymphocytes, 
and higher values of β2 -microglobulin. Higher d-ROMs values were 
found in female (p=0.0003), in patients with unmutated IgVH 
(p=0.04), unfavourable cytogenetics (p=0.002), and more advanced 
clinical stage (p=0.002). Higher BAP test values were found in patients 
expressing CD49d (p=0.01) and with more advanced clinical stage 
(p=0.004). At a median follow-up of 48 months, CLL patients with d-
ROMs ≥418 CARR U were found to have a shorter time to first 
treatment (TFT) (p=0.0002), and a reduced survival (p=0.006) than 
others. CLL patients with BAP test values ≥2,155 µΜ had a shorter TFT 
(p 0.008) and a shorter survival (p 0.003). 
 
Conclusion. OS can affect CLL patients by concomitantly increasing 
reactive oxygen metabolites production and decreasing antioxidant 
defences. This article is protected by copyright. All rights reserved 
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Valutazione globale del bilancio ossidativo 

Valuta assunzione/assorbimento/bio-
disponibilità antiossidanti (AO) 

NORMALI ALTERATI 

Valuta marker metabolismo/respi-
razione (BMI, o. tiroidei LDH, lattato) 

NORMALI ALTERATI 

Valuta marker cardiovascolari (TG, 
Cho, HDL, LDL, oxLDL,HCY, nitriti) 

NORMALI ALTERATI 

Valuta marker esposizione/tossicità 
(AST, ALT, alcol, farmaci, xenobiotici) 

NORMALI ALTERATI 

S.O. da anomala reattività 

S.O. da deficit metabolico/respiratorio 

S.O. da variazioni eccessive della pO2 

S.O. da induzione microsomiale 

S.O. da cause indefinite 

NOX 

MTH
FR 

CYT 

Approccio empirico 
Ulteriori indagini 

Diagnosi eziologica 

Trattamento specifico 

Monitoraggio stress ossidativo 

Recupero 

Monitoraggio stress ossidativo 

Prevenzione recidive 

OMICHE 

Capacità ossidante 
Valuta marker infiammazione/in-
fezione (VES, PCR, TAS, leucociti) 

Capacità antiossidante 

Valuta AO 
enzimatici 

Valuta AO non-
enzimatici 

SOD 
GT 

Un algoritmo per la gestione dei risultati della  
valutazione globale del bilancio ossidativo 

Iorio et Al. Austral J Cosmet Surg. 2006. 2 (1): 26–30. 

DISPONIBILE IN SOFTWARE 
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The current food education  
is based on negative messages 

Avoid, modify, impoverish . . . foods is common! 
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La componente centrale 

Declino cognitivo e depressione 
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FPurtroppo, noi riproduciamo, inconsapevolmente, 
lo stesso errore quando pensiamo alla nostra salute 
e alla nostra biologia. 
 

FE’ del tutto naturale far sì che la scienza possa 
prevenire o curare specifiche malattie perché sono 
esse, oggi, a uccidere la maggior parte delle 
persone nel mondo. Secondo le stime dell’OMS nel 
decennio 2005-2015 sono deceduti 76 milioni di 
uomini a causa di patologie croniche. Alla luce di ciò 
è facile comprendere perché è molto più prudente 
investire tempo, energie e risorse nella ricerca sulle 
malattie. Se miglioriamo le nostre conoscenze sui 
fattori genetici e ambientali coinvolte nella 
cancerogenesi, per esempio, saremo in grado di 
ridurre, trattare o probabilmente eliminare il cancro 
come causa di morte. 
 

FTuttavia, dati alla mano, l’eliminazione di tutti i tipi 
di cancro aumenterebbe l’aspettativa di vita di 3 
anni al massimo negli USA! 

The discourse of Colin Farrelly to create Positive Biology 
Institutes versus Centers for Diseases Control (CDC)  

Farrelly C. J R Soc Med. 2012. 105: 412–415. 
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Why the National Institutes of
Health should create an institute of
positive biology

Colin Farrelly
Queen’s University – Political Studies, Kingston, Ontario, K7L 3N6, Canada

Email: farrelly@queensu.ca

The National Institutes of Health (NIH) is the
largest source of funding for medical research in
the world. With an annual budget currently over
$31 billion, the NIH awards more than 50,000
competitive grants to thousands of researchers
working in the USA and around the world. The
NIH is composed of 27 distinct institutes and
centers, many of which are institutes for specific
diseases, such as the National Cancer Institute
(NCI), the National Institute on Alcohol Abuse
and Alcoholism (NIAAA), the National Institute
of Allergy and Infectious Diseases (NIAID) and
the National Institute of Neurological Disorders
and Stroke (NINDS), just to name a few.

With so many institutes dedicated to the study
of specific diseases and disorders, one might draw
the conclusion that well-ordered science and medi-
cine mandates that the bulk of our energies and
resources be invested in trying to answer the fun-
damental question ‘what causes pathology?’.
Elsewhere1 I have called this intellectual presup-
position the paradigm of ‘negative biology’, and
this paradigm dominates the medical sciences,
including the design of the NIH. In this essay,
I argue that we need to supplement the disease-
specific approach of negative biology with an
ambitious commitment to the study of what can
be called ‘positive biology’. Rather than focusing
on understanding the proximate causes of
disease, positive biology seeks instead to under-
stand the proximate and evolutionary causes of
exemplary positive phenotypes – such as excep-
tional healthy ageing, play and happiness,
resilience, and optimism. To help make the aspira-
tions of positive biology both coherent and con-
crete, I detail how the creation of a new NIH
Institute – the Institute of Positive Biology (or
IPB) – could help promote the health, happiness
and prosperity of today’s populations.

Why the current focus on
pathology?

The lion’s share of the public funding for health
research the NIH allocates is invested in the
study of pathology rather than the study of
‘health’ per se. The vast majority of the 233 listed
research topics on the NIH’s ‘Estimates of
Funding for Various Research, Condition, and
Disease Categories (RCDC)’ involve research into
specific diseases.2 The estimated investment, for
the year 2013, in disease research includes $5.4
billion for cancer, $3.9 billion for infectious
disease, $3.9 billion for brain disorders, $3.5
billion for rare diseases, $3 billion for HIV/AIDS
and $2 billion for cardiovascular disease. Some
funded research areas are not explicitly disease
focused. These include women’s health ($3.9
billion), ageing ($2.6 billion), nutrition ($1.4
billion) and health disparities ($2.7). Yet even
within these areas of research the focus on pathol-
ogy research is significant. The creation of a new
Institute of Positive Biology could help expand
the NIH’s focus beyond the confines of negative
biology.

Why is medical research dominated by the
study of pathology? A complete explanation
would no doubt identify many distinct factors,
but I believe that two important factors are
worth noting here which can help us appreciate
whywe need to go beyond the aspirations of nega-
tive biology. The first factor is that humans are sus-
ceptible to ‘observation biases’. We are more likely
to observe human tragedy and suffering than we
are human health and happiness. When driving
we slow down to closely observe car accidents,
but we seldom observe the fact that most drivers
on the road avoid accidents and safely arrive at
their destinations. The image of the carnage of a
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ESSAY

L’eliminazione di tutti i ti
pi di cancro 

aumenterebbe l’aspettativa di vita di 

3 anni al massimo negli USA!	
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What are the primary causes and the mechanisms of 
successful aging? Delayers, survivors, and escapers. 

Farrelly C. J R Soc Med. 2012. 105: 412–415. 

Starting intellectual assumptions  
FThere is diverse variation in the genotypes which 
influence desired phenotypes, such as health. The 
evolutionary and life history of different species helps 
explain this variation and the different biological trade 
offs that determine age of reproduction, body size, 
senescence, complexity of the brain, etc.  
 

What needs to be explained?  
FThe proximate and ultimate causes of exceptional 
health, positive emotions and happiness, high cognitive 
ability, etc.  

PEOPLES WHO NEVER DEVELOPED  
SPECFIC DISEASE! 

 
Which kinds of interventions ought to be 

pursued?  
FInterventions that increase the opportunities for 
health, happiness and wellbeing.  

Positive biology 
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The positive beauty 

Quale modello? 
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The positive sexuality 

Quale modello? 
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Searching for “positive models” of fertility:the the wife of 
Feodor Vassilyev (b. 1707–c.1782), from Shuya, Russia.  

In 27 confinements she gave birth to 16 pairs of twins, 7 
sets of triplets and 4 sets of quadruplets: total 69 (+18). 
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Positive Biology The last challenge  
of integrative medicine.  

FROM POSITIVE BIOLOGY TO POSITIVE BIOLOGY? 

Understanding the person unicity in order to 
bui ld new sustainable personal ized 
opportunities of health, happiness, and 
wellbeing.  
 

CIMI 2019. UBERLANDIA.  
2019, NOVEMBER 21 to 24. 
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CIMI 2019. Speaker’s panel. 

The last challenge of integrative medicine.  
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CIMI 2019 

Overview 
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Insieme al prof. Yamakado la coppia reale giapponese. 

Il secondo congresso mondiale Ningen Dock 
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Il secondo congresso mondiale Ningen Dock 

Tokyo. 3-4 settembre 2009. 
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From my personal experience 

To the institution of the World  
Academy of Integrative Medicine 
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Il mio reportage da Okinawa 

Naha, Okinawa. Luglio 2015. 
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Microbial proportion 
changes in  

adhesion/colonization  

Production of active 
metabolites 
  changes in 
bioavailability 

EARLY AGING, INFLAMMATORY, METABOLIC AND DEGENERATIVE DISORDERS. 

AA PG 

CK 

ANTIOXIDANT  
RESPONSE (AREs) 

GUT MICROBIOTA 

Curcumin stimulates Nrf-2 (control of oxidation and 
toxicity) and inhibits NFkb (control of inflammation) 

Savikin et Al. J Med Food. 2014. 17 (5): 582–587.  

Chelating  
action 

CURCUMIN 

OXY-INFLAMMATION 

STRESSORS  

Nrf-2 
keap1 

Nrf-2 

OXIDATIVE DI-STRESS LOW-G-INFLAMMATION 

RCS 

ROS RNS 

keap1 

ARE 

NFkB 
I-kB 

I-kB 

NFKbR 

PROINFLAMMATORY 
RESPONSE 
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The term "nutraceutical" turns 30 years old 

Stephen De Felice (Foundation  
for Innovation in Medicine) 

A food or part of food or nutrient, which provides 
health benefits, including the prevention and 
treatment of a disease. Frequent synonym: 
"functional food". 

Stephen De Felice, Founder and Director of the 
Foundation for Innovation in Medicine, coined 
the term "nutraceutical" (1989) 30 years ago. 
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No fighting, but modulation. The potential usefulness  
of redox physiological modulators in eye diseases. 

The RIGHT AOX, at the RIGHT PLACE, at the RIGHT TIME. 
Because many variables, more knowledge is mandatory! 

REDOX 
modulator	

Reactive	
specie	

Dosis 

Bioavailability 

Structure/function 

Network 

Power 

Specificity 

Evidence 

Pharmaceutical form 

Administration route 

Reactivity 

Site of production 

Conditions of reactions 

Inhibiting factors 

Genetic control 

Favouring factors 

Epigenetic control 

Chemical nature 

Concentration 
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I 4 domini della Nutraceutica 

L’impegno della Società Italiana di Nutraceutica 

La Società Italiana di Nutraceutica nasce 
nell’aprile 2009 come associazione senza 
fgini di lucro, con lo scopo di promuovere 
ricerche e studi in ambito nutraceutico. La 
Nutraceutica studia gli estratti di piante, 
animali, microrganismi e minerali, impiegati 
come nutrienti isolati, integratori o diete 
specifiche. I nutraceutici deterinano effetti 
benefici per la salute, in particolare per la 
prevenzione e il trattamento delle malattie 
croniche; questi effetti deno essere 
d imos t ra t i con appropr i a t i s tud i , 
sperimentali e clinici. 
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Soft caps of omega-3 oils melting plastic  
and oxidised extra-virgin olive oil? 

A very serious concern for our health!  

Ethylesters 
(estraction?) 

Methylesters 
(deodorification?) 

High lipophilic/aggressive compounds 

Acidity: < 0.8 % 
Peroxide value: 
 <20 mcq/O2/kg  
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La Nutraceutica.  Perché la NATURA è  
PLEIOTROPA, ECLETTICA e RIDONDANTE. 

L’anello di congiunzione fra nutrizione e farmacologia 
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Nutraceuticals and cardio-protection 

The emerging role of polyphenols 
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The Relationship Between Urinary Total 
Polyphenols and the Frailty Phenotype in a 
Community-Dwelling Older Population: The 
InCHIANTI Study
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Abstract

Background. Frailty, an age-related state of increased vulnerability, is associated with a higher risk 
of multiple adverse events. Studies have suggested that the quality of dietary intake may affect 
the development of frailty. We hypothesized that frailty in older subjects would be associated with 
dietary total polyphenols (DTP) intake and its biomarker, urinary total polyphenols (UTP).
Methods. The Invecchiare in Chianti (InCHIANTI) Study is a prospective cohort study set in the Chianti 
area (Italy). We used data at baseline from 811 participants aged 65 years and older. UTP was determined 
using the Folin–Ciocalteu assay after solid-phase extraction. DTP was estimated using a validated Food 
Frequency Questionnaire and our own polyphenol database. The frailty, prefrailty, and nonfrailty states 
were defined according to the Fried and colleagues’ criteria. Multinomial logistic regressions adjusted 
for potential confounders were used to assess the relationship between polyphenols and frailty.
Results. Both DTP and UTP concentrations progressively decrease from nonfrail to frail 
participants. Participants in the highest UTP tertile compared to those in the lowest tertile were 
significantly less likely to be both frail (odds ratio [OR] = 0.36 [0.14–0.88], p = .025) and prefrail 
(OR = 0.64 [0.42–0.98], p = .038). Exhaustion and slowness were the only individual frailty criteria 
significantly associated with UTP tertiles. No significant association was observed between frailty 
and DTP, after adjustment for covariates.
Conclusions. High concentrations of UTP were associated with lower prevalence of frailty and 
prefrailty in an older community-dwelling population. A polyphenol-rich diet may protect against 
frailty in older persons. Our findings should be confirmed in longitudinal studies.

Key Words: Frailty—Nutrition—Biomarkers—Polyphenols —Elderly people—InCHIANTI.

Elevati livelli di polifenoli urinari risultano associati  
ad una minore fragilità negli anziani del Chianti 

Urpi-Sarda M, et al. J Gerontol Medical  
Sciences. 2015. 70 (9): 1141–1147.  
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Resveratrol increase life-span in Nothobranchius furzeri 

Valenzano & Cellerino. Cell Cycle. 2006. 5(10): 1027-32.   

control 
resveratrol 
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Ozone treatment of grapes during withering for 
amarone wine: A multimodal imaging and 
spectroscopic analysis. Cisterna B, et al. Microsc 
Microanal. 2018. 
The production of Amarone wine is governed by a 
disciplinary guideline to preserve its typical features; 
however, postharvest infections by the fungus Botrytis 
cinerea (B. cinerea) not only represent a phytosanitary 
problem but also cause a significant loss of product. In 
this study, we tested a treatment with mild ozoniztion 
on grapes for Amarone wine production during 
withering in the fruttaio (the environment imposed by 
the disciplinary guideline) and evaluated the impact on 
berry features by a multimodal imaging approach. The 
results indicate that short and repeated treatments with 
low O3 concentrations speed up the naturally occurring 
berry withering, probably inducing a reorganization of 
the epicuticular wax layer, and inhibit the development 
of B. cinerea, blocking the fungus in an intermediate 
vegetative stage. This pilot study will pave the way to 
long-term research on Amarone wine obtained from O3-
treated grapes. 

AMARONE VALPOLICELLA 

Are you ready to do a study? 
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Pomegranate Ellagic acid Urolithin A 

Gut Microbiota 

Gut microbiota metabolism of polyphenols 

Generation of Urolithin A from pomegranade ellagic acid 



Eugenio Luigi Iorio © 2019–2020 www.osservatoriostressossidativo.com 

Soy 

GUT MICROBIOTA 
PROBIOTICS 

GENISTIN 
(inactive isoflavone) 

DAIDZIN 
(inactive isoflavone) 

b-glucosidases b-glucosidases 

GENISTEIN 
(active isoflavone) 

DAIDZEIN 
(active isoflavone) 

EQUOL 
 

only in 30/40% 
of population 

 

Impact of bacteria on polyphenol metabolism 

The soy fermentation process 
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Biological gases and gas(nutra)ceuticals provide an  
excellent example of REDOX regulator molecules 

The oldest and best conserved signalling mechanism 
(diffusion, enough shelf-life, interaction with biotargets)   

sulfur-bonded sulfur (144); e.g., polysulfides, polythionates,
thiosulfate, thiosulfonates, and elemental sulfur. Compounds
containing reduced divalent (!2) or oxidized hexavalent (þ6)
forms are defined as ‘‘stable’’ because the sulfur atoms are not
liberated by simple chemical treatment with acid or dithio-
threitol. The stable form includes organic sulfur present in the
divalent state, including cysteine and methionine. By contrast,
other forms of sulfur compounds are defined as ‘‘labile,’’ be-
cause H2S is liberated by simple chemical treatment (323). The
ion-sulfur (FeS) complex is an example of the acid-labile form,
which releases H2S under acidic conditions, whereas poly-
sulfide (R-Sn-R where n #3) is an example of a bound-sulfane
sulfur form, which releases H2S under reducing conditions
(156, 323).

The nonenzymatic production of H2S from the organic
polysulfides found in garlic has been suggested as a potential
source in the circulation (22, 271), suggesting that stored
forms of H2S are physiologically significant. The existence of
labile-sulfur fractions not only elaborates the biology of H2S,
but also complicates detection of endogenous levels of H2S in
the tissue. This issue is discussed later (Section IV.B.3).

What are the mechanisms of H2S catabolism in the body?
In a pioneering study, Haggard (110) reached the conclu-
sion that sulfide is rapidly metabolized, based on his
demonstration that a quick bolus injection of Na2S in the
dog was lethal, whereas a slow rate of injection caused no
harm. However, the catabolic pathway(s) whereby endog-
enous H2S is metabolized appear to be more ambiguous
than those of CO or NO (181). Although several systems for
breaking down, scavenging, and sequestering H2S have
been identified, most data were obtained by using exoge-
nous H2S (187).

The first pathway of H2S catabolism is its oxidation. Studies
using an organ-perfusion model indicated that H2S was oxi-
dized in mitochondria to thiosulfate (S2O3

2-), sulfite (SO3
2-),

and sulfate (SO4
2-) (20, 144, 181, 247), and then excreted in the

urine (63). Sulfate (SO4
2-) is the major end product of H2S

(181). The initial oxidation to thiosulfate is most likely a
nonenzymatic step. Conversions of thiosulfate to sulfite and
sulfite to sulfate are catalyzed by thiosulfate:cyanide sulfur-
transferase (TST) (241) and sulfite oxidase (SO), respectively.
The second pathway of H2S metabolism is the thiol S-
methyltransferase (TSMT)-mediated methylation of H2S to
yield monomethylsulfide and dimethylsulfide (97). The third
pathway involves the binding of H2S to methemoglobin to
form sulfhemoglobin. Additionally, H2S can react with NO
(350). It has also been reported that H2S can diffuse across the
alveolar membrane (83, 132, 209).

IV. Determinants of the Effective Gas
Concentrations at the Target

A. General considerations

To understand how gases are functioning in physiological
processes, it is important to know how much gas is actually
being delivered to a given target. Three major determinants of
the effective gas concentration are (a) the physiochemical
properties of the gas itself (258); (b) the properties of the local
environment, including the surrounding media through
which a gas travels including viscosity, temperature, and
tissue composition (117, 167); and (c) scavenging systems,
including chemical reactions that consume the gas. Here we
attempt to compare and contrast factors affecting gas-transport
efficiency, while referring the reader to excellent books and
reviews on the transport properties of O2 (167, 346), CO (332),
and NO (38, 39, 56). Although physical (203, 216), biochemical
and physiological (144) properties of H2S have been well
studied, experimental and mathematical modeling of H2S
transport properties in vivo is limited.

Table 2. Physicochemical Properties of O2, CO, NO, and H2S

Property O2 CO NO H2 S

Molar mass (g=mol) 32.00 28.01 30.01 34.08
Dipole moment (D, debye) 0 (367) 0.11 (367) 0.16 (367) 0.97 (183)
Solubility (g=100g H2O=208C) 0.0043 (183) 0.0028 (183) 0.0062 (183) 0.40 (183)
Solubility, Mole fraction (x10!5 H2O=208C) 2.29 (18) 1.77 (47) 3.47 (368) 185 (92)
Diffusion coefficient in H2O (x10!5 cm2s!1 208C) 2.30 (356) 2.03 (355) 2.07 (355) 1.75 (308)
1st inonization energy (eV) 12.07 (367) 14.01 (367) 9.26 (367) 10.46 (183)
Affinity for metal ions þ(367) þþ(367) þþþ(367) N=A

Numbers in parentheses denote references.

FIG. 4. Catabolism of H2S and oxidation states of the
sulfur atoms of various compounds. The sulfur atom of H2S
(reduced divalent) is oxidized in mitochondria to a fully
oxidized state as a sulfate (hexavalent). The reduced sulfur
atoms can be stored as labile sulfur species that can be re-
leased as H2S in response to a signal. Dotted lines, Different
catabolic pathways. *Sulfane sulfur. TST¼ thiosulfate:
cyanide sulfurtransferase; SO¼sulfite oxidase; TSMT¼
thiol S-methyltransferase. Adapted by permission from
Elsevier Ltd: Lloyd, Trends Microbiol 14: 456–462, 2006 (185).

162 KAJIMURA ET AL.
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Gas(nutra)ceuticals are foods or parts of foods or nutrients, 
which provides health benefits, including the prevention and 
treatment of a disease, and which main mechanism of action is 
related to the generation or a significant change of the biological 
activity of a gas. Most of them modulates the action of hydrogen, 
oxygen, ozone, nitric oxide, carbon monoxide, carbon dioxide, 
hydrogen sulphide, and sulphur dioxide, alone or in combination.     
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The oxidative stress measurement in the clinical practice. 
A minimally invasive tool to monitor the health status. 

To identify and to correct early biochemical change that are 
predictive of future function losses and to monitor therapies 

OS evaluation, may be after body temperature, 
blood pressure and pH measurement, is  the 
most easy, minimally invasive and cost/benefit 
suitable tool to monitor periodically the health 
status of exercising people. 

The oxidative stress evaluation in exercising 
peoples as well as in athletes can provide the 
opportunity: 
 

F to identify an otherwise unidentifiable 
condition of oxidative stress (because to feel 
healthy does not mean to be healthy) as a 
preventive and predictive measure; 
F to make suggestions aimed to change or 
improve muscle performance with diet and 
supplement and to monitor the efficacy of these 
changes; 
 

In order: 
✓To improve muscle performance and recovery
✓to to prevent early aging and oxidative stress 
related diseases (>100). most of which are 
initially asymptomatic and often related to 
lifestyle, like cardiovascular diseases and cancer, 
and therefore modifiable. 
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Corticotherapy  drammatically reduces d-ROMs test 
values levels in patients with leukemia/lymphomas 

Dionisio C, Pozzi D, Lisi A, Santoro N, Settimo G  
Report of C.N.R. Bologna Research Area 
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Increased d-ROMs test values after cancer chemotherapy. 

La Torre et Al. Minerva Medica. 1996. 86: 1–4. 
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Laryngeal carcinoma: decreased d-ROMs test values  
and increased antioxidant capacity after surgery. 

Corsi et Al. Clin Chem Lab Med. 2006. 
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Radio-iodine-therapy impairs redox function 

Ballardin et Al. Int J Rad Biol. 2004. 80 (3): 209–216. 

Purpose. To evaluate genetic damage and oxidative stress following a single therapeutic dose of 131I in 
Graves’ disease patients monitored up to 180 days after treatment. 
Materials and methods. Genetic damage induction was estimated as the increase in micronuclei in 
peripheral lymphocytes of patients. As indicators of radiogenic oxidative stress, vitamin E and lipoperoxide 
levels were assessed in the plasma of patients, as well as the release of plasmic clastogenic factors 
measured by the induction of micronuclei in vitro in peripheral lymphocytes of a healthy donor. 
Results. Vitamin E depletion lasted at least 3 days and the basal level was restored within 7 days. No 
statistically significant variations were observed in lipoperoxide plasma levels. A sharp increase of 
micronuclei in the peripheral lymphocytes of patients was correlated (p<0.001) with the release of 
clastogenic factor in the plasma. The highest micronucleus value was negatively correlated (p<0.03) with 
the lowest vitamin E level observed in each patient. 
Conclusions. Micronuclei induction was the direct consequence not only of the energy deposition of 131I 
on the genetic material, but also of oxidative stress, likely via the release of clastogenic factor. 
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Oxidative and genotoxic damage after radio-iodine therapy of
Graves’ hyperthyroidism

M. BALLARDIN{, R. BARSACCHI{, L. BODEI§, N. CARACCIO}, R. CRISTOFANI,,
F. DI MARTINO{{, M. FERDEGHINI{{, C. KUSMIC§§, G. MADEDDU}},
F. MONZANI}, A. M. ROSSI{, I. SBRANA{, A. SPANU}}, C. TRAINO{{ and
R. BARALE{*

(Received 7 March 2003; accepted 6 January 2004)

Abstract.
Purpose: To evaluate genetic damage and oxidative stress following a single therapeutic dose of 131I in Graves’ disease patients monitored
up to 180 days after treatment.
Materials and methods: Genetic damage induction was estimated as the increase in micronuclei in peripheral lymphocytes of patients. As
indicators of radiogenic oxidative stress, vitamin E and lipoperoxide levels were assessed in the plasma of patients, as well as the release of
plasmic clastogenic factors measured by the induction of micronuclei in vitro in peripheral lymphocytes of a healthy donor.
Results: Vitamin E depletion lasted at least 3 days and the basal level was restored within 7 days. No statistically significant variations were
observed in lipoperoxide plasma levels. A sharp increase of micronuclei in the peripheral lymphocytes of patients was correlated (pv0.001)
with the release of clastogenic factor in the plasma. The highest micronucleus value was negatively correlated (pv0.03) with the lowest
vitamin E level observed in each patient.
Conclusions: Micronuclei induction was the direct consequence not only of the energy deposition of 131I on the genetic material, but also of
oxidative stress, likely via the release of clastogenic factor.

1. Introduction

Radio-iodine therapy is considered reasonably safe
for thyroid cancer patients and it is becoming the
treatment of choice for recurrent hyperthyroidism,
which frequently involves young adults (Pauwels et al.
2000). In a long-term follow-up study of hyperthyroid
patients, no increased incidence of infertility, mis-
carriage or congenital aberrations was found in
women treated with radio-iodine (Safa et al. 1975,
Sarkar et al. 1976).

To date, no increased mortality due to secondary
malignancies has been reported, provided that
radioprotection standards are fulfilled during and
after therapy (Hoffman et al. 1982, Goldman et al.

1988, Hall et al. 1992, 1993). Nevertheless M’Kacher
et al. (1996, 1997, 1998) described increased chro-
mosomal abnormalities in peripheral lymphocytes
of thyroid cancer patients treated with 131I, although
these cytogenetic effects were not detectable anymore
6 months after irradiation.

On the other hand, clastogenic effects and
oxidative stress are well-known consequences of
radiation exposure (Halliwell and Aruoma 1991,
Daniniak and Tann 1995, Shackelford et al. 1999).
In addition, Emerit et al. (1994) showed that low
molecular weight substances are released in the
plasma and sustain the cascade production of free
radicals, thus maintaining and amplifying the damage
itself. Emerit et al. and Ballardin et al. (2002) found
that plasma ultrafiltrates obtained from radiation-
exposed patients can induce in vitro chromosomal
damage and, therefore, are called clastogenic factors
(CF). Little is known about the oxidant/antioxidant
balance, the production of CF and the induction of
genotoxic damage in patients receiving radio-iodine
(Wolfram et al. 2002).

The micronucleus (MN) assay has been optimized
as a reliable biological dosimeter (Fenech and Morley
1986), since it can detect both structural and
numerical chromosome abnormalities after thera-
peutic exposure to radiation (Gutierrez et al. 1999).
Given the efficacy and increasing use of radio-iodine
therapy, especially in young patients, it is important
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up to 180 days after treatment.
Materials and methods: Genetic damage induction was estimated as the increase in micronuclei in peripheral lymphocytes of patients. As
indicators of radiogenic oxidative stress, vitamin E and lipoperoxide levels were assessed in the plasma of patients, as well as the release of
plasmic clastogenic factors measured by the induction of micronuclei in vitro in peripheral lymphocytes of a healthy donor.
Results: Vitamin E depletion lasted at least 3 days and the basal level was restored within 7 days. No statistically significant variations were
observed in lipoperoxide plasma levels. A sharp increase of micronuclei in the peripheral lymphocytes of patients was correlated (pv0.001)
with the release of clastogenic factor in the plasma. The highest micronucleus value was negatively correlated (pv0.03) with the lowest
vitamin E level observed in each patient.
Conclusions: Micronuclei induction was the direct consequence not only of the energy deposition of 131I on the genetic material, but also of
oxidative stress, likely via the release of clastogenic factor.
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for thyroid cancer patients and it is becoming the
treatment of choice for recurrent hyperthyroidism,
which frequently involves young adults (Pauwels et al.
2000). In a long-term follow-up study of hyperthyroid
patients, no increased incidence of infertility, mis-
carriage or congenital aberrations was found in
women treated with radio-iodine (Safa et al. 1975,
Sarkar et al. 1976).

To date, no increased mortality due to secondary
malignancies has been reported, provided that
radioprotection standards are fulfilled during and
after therapy (Hoffman et al. 1982, Goldman et al.

1988, Hall et al. 1992, 1993). Nevertheless M’Kacher
et al. (1996, 1997, 1998) described increased chro-
mosomal abnormalities in peripheral lymphocytes
of thyroid cancer patients treated with 131I, although
these cytogenetic effects were not detectable anymore
6 months after irradiation.

On the other hand, clastogenic effects and
oxidative stress are well-known consequences of
radiation exposure (Halliwell and Aruoma 1991,
Daniniak and Tann 1995, Shackelford et al. 1999).
In addition, Emerit et al. (1994) showed that low
molecular weight substances are released in the
plasma and sustain the cascade production of free
radicals, thus maintaining and amplifying the damage
itself. Emerit et al. and Ballardin et al. (2002) found
that plasma ultrafiltrates obtained from radiation-
exposed patients can induce in vitro chromosomal
damage and, therefore, are called clastogenic factors
(CF). Little is known about the oxidant/antioxidant
balance, the production of CF and the induction of
genotoxic damage in patients receiving radio-iodine
(Wolfram et al. 2002).

The micronucleus (MN) assay has been optimized
as a reliable biological dosimeter (Fenech and Morley
1986), since it can detect both structural and
numerical chromosome abnormalities after thera-
peutic exposure to radiation (Gutierrez et al. 1999).
Given the efficacy and increasing use of radio-iodine
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Uncontrolled/chronic hypoxia is the leading cause of 
tissues function/structure impairment 

Improving oxygen bioavailability is mandatory in order  
to prevent oxidative stress and its unwanted side effects! 
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Base1 Acid2 

OXYS = ACID 
Aristoteles (384–322 b. C.) 

Oxidants and acids: overlapping concepts. 
According to Aristotelis OXYS = ACID  

Going towards a new paradigma of cell biology: 
oxidative stress +  acidosis = electrophilic stress. 

OXIDANT 

REDUCTION 

Electrons extraction 

HCl + H2O2                HClO + H2O 

OXIDATION 

Electrons loss 

REDUCING 

-1 -1 +1 -2 -2 

MYELOPEROXIDASE 

1. Oxidants extract electron(s) from reducing species 

2. Acids (according to Lewis Lewis) extract a couple of electron from a base 
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The evolutionarily conserved soluble adenylyl cyclase (sAC, adcy10) was recently identified
as a unique source of cAMP in the cytoplasm and the nucleus. Its activity is regulated
by bicarbonate and fine-tuned by calcium. As such, and in conjunction with carbonic
anhydrase (CA), sAC constitutes an HCO−

3 /CO−
2 /pH sensor. In both alpha-intercalated cells

of the collecting duct and the clear cells of the epididymis, sAC is expressed at significant
level and involved in pH homeostasis via apical recruitment of vacuolar H+-ATPase
(VHA) in a PKA-dependent manner. In addition to maintenance of pH homeostasis, sAC
is also involved in metabolic regulation such as coupling of Krebs cycle to oxidative
phosphorylation via bicarbonate/CO2 sensing. Additionally, sAC also regulates CFTR
channel and plays an important role in regulation of barrier function and apoptosis.
These observations suggest that sAC, via bicarbonate-sensing, plays an important role
in maintaining homeostatic status of cells against fluctuations in their microenvironment.

Keywords: soluble adenylyl cyclase, carbonic anhydrase, vacuolar-ATPase, protein kinase A, pH regulation,
apoptosis, barrier function

INTRODUCTION
Regulation of intracellular pH (pHi) plays an important role
in maintaining physiologic processes in living cells because
most enzymes function properly only under a narrow win-
dow of pH. The cytoplasm is constantly acidified by cellu-
lar metabolism and the negative resting membrane potential
also favors influx of protons; this poses a constant challenge
to the maintanence of cytosolic pH. Homeostasis of intracel-
lular pH depends on the buffering capacity of intracellular
bicarbonate concentration, other weak acids/bases and macro-
molecules on one hand. On the other hand, a spectrum of
membrane transporters (ion channels and pumps) responds
instantaneously to fluctuation of pHi and extracellular pH (pHo)
in order to actively maintain pHi homeostasis (Roos and Boron,
1981; Boron, 2004). In eukaryotic cells, the endomembrane
system is also equipped with channels and pumps to main-
tain a different pH inside individual compartments for optimal
functioning. Much has been explored as to how the cellu-
lar machinery reacts during the fluctuation of intracellular or
extracellular pH; however, the mechanism by which cells sense
the fluctuation of pH in order to react accordingly remains
uncertain.

Strictly speaking, almost every cellular protein is sensitive to
pH; however, to fulfill the role as a pH sensor, the candidate
must be capable of detecting pH changes within the physi-
ologically relevant range and initiating a signaling cascade to
its effector to maintain homeostasis. For proper functioning,
cells would ideally sense the changes of intracellular pH as a
result of cellular metabolism or changes in extracellular pH.
Whereas unicellular organisms dissipate their metabolic waste by

diffusion and transport into their immediate environment, pH
homeostasis in multi-cellular organisms relies on the circulation
system and organs specialized in acid/base regulation. The logic
of pH homeostasis is therefore different in these specialized
organs.

A few notable examples would be the alpha-intercalated
cells in the kidney, clear cells in the epididymis and the
gill of dogfish shark. In these acid/base-regulating organs,
specialized cells maintain not only the homeostasis of their
own intracellular pH, but also the extracellular pH. In order
to react timely to acute changes in extracellular pH and
therefore intracellular pH, the sensor would be expected to
exert its downstream effector in an extremely rapid fash-
ion such as tuning the activity of existing effectors by
post-translational modification, inserting the ready-made effec-
tors or remove the counteractive ones by endocytosis, or
coupling ion channels or pumps for higher efficiency. For
chronic changes, the signaling may involve also transcriptional
regulation.

Many potential acid/base sensors have been proposed with
special attention paid to the kidney for its indispensable
role in pH homeostasis. Potential candidates proposed thus
far include acid/base-sensing receptors (GPR4, InsR-RR), pH-
sensitive kinases with NHE3 as downstream effector (Pyk2/ETB),
vacuolar H+-ATPase (V-ATPase) in endosome, pH-sensitive ion
channels (ASICs, TASK, ROMK), and soluble adenylyl cyclase
(sAC, ADCY10) (Brown and Wagner, 2012). In this review, we
focus on recent evidence how sAC could serve as an intracel-
lular pH sensor and how it maintains pH homeostasis, mainly
through the V-ATPase. In addition, we highlight other (proposed)
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several studies reporting that the prevalence of acne varies
significantly between different populations and is substantially
lower in non-Westernized populations that follow traditional
diets,45 a common factor among these traditional diets being
a low glycaemic load.46 Various studies have provided evidence
that high-glycaemic-load diets are implicated in the aetiology of
acne through their capacity to stimulate insulin, androgen
bioavailability and insulin-like growth factor-1 (IGF-1) activity,
whereas the beneficial effects of low-glycaemic-load diets, apart
from weight and blood glucose levels, also include improved skin
quality.44 The clinical and experimental evidence does in fact
suggest ways in which insulin can increase androgen production
and affect via induction of steroidogenic enzymes,47 the secretion
by the pituitary gland of gonadotropin-releasing hormone and
the production of sex hormone-binding globulin.48 Insulin is also
able to reduce serum levels of IGF-binding protein-1 increasing
the effect of IGF-1.49 These insulin-mediated actions can therefore
influence diverse factors that underlie the development of acne
such as:

(a) The increased proliferation of basal keratinocytes within the
pilosebaceous ducts.

(b) An abnormal desquamation of the follicular epithelium.
(c) Increased androgen-mediated sebum production.
(d) Colonization of the stratum corneum by Propionibacterium

acnes and consequent inflammation.46

In summary, there is persuasive, although not yet conclusive,
clinical and physiological evidence that the ketogenic diet could
be effective in reducing the severity and progression of acne and
randomized clinical trials will be required to resolve the issue.11

Cancer. Carcinogenesis is a complex process involving multiple
sequential mutations, which occur randomly in the DNA of normal
cells over many years, even decades, until finally specific genes are
mutated and cell growth becomes out of control resulting in the
full neoplastic phenotype and often metastasis. There is evidence
that hyperinsulinaemia, hyperglycaemia and chronic inflammation

may affect the neoplastic process through various pathways,
including the insulin/IGF-1 pathway, and most cancer cells express
insulin and IGF-1 receptors. Insulin has been shown to stimulate
mitogenesis (even in cells lacking IGF-1 receptors)50 and it may
also contribute by stimulating multiple cancer mechanisms,
including proliferation, protection from apoptotic stimuli,
invasion and metastasis.51 The IFG1/insulin pathway may also
enhance the promotion and progression of many types of cancer
cells and facilitate cancer diffusion through angiogenesis.52 Insulin
may act directly, but also indirectly through IGF-1, as it reduces
hepatic IGF-binding protein-1 and -2 production,53 thereby
increasing the levels of circulating, free active IGF-1, which may
have a role in cancerogenesis due to its mitogenic and
antiapoptotic activity.53 Considering the obvious relationship
between carbohydrates and insulin (and IGF-1) a connection
between carbohydrate and cancer is a possible consequence, and
some links have been recognized since the 1920s when the Russo-
German physician Dr A Braunstein observed that glycosuria falls
off notably in diabetic patients who developed cancer.54 Later
Warburg et al.55 of the Kaiser Wilheim Institute fur biologie
described what was later known as the Warburg effect—where
energy is predominantly generated by a high rate of glycolysis
followed by lactic acid fermentation in the cytosol, even in the
presence of plentiful oxygen.51,55 The Warburg effect has been
confirmed in many studies and today is a well-established
hallmark of many types of cancers, and rapidly growing tumour
cells typically have glycolytic rates up to 200 times higher
than those of their normal tissues of origin.56 As stated above,
the stimulus of the insulin/IGF-1 pathway is involved in cancer
development, but also mitochondrial damage or dysfunction may
have a role.18,57,58 Dysfunctional mitochondria may upregulate
some oncogenes of the phosphatidylinositol 3-kinase/Akt
mammalian target of rapamycin signalling pathway.58 Akt, a
downstream of insulin signalling,59 is involved in changes in
tumour cell metabolism and increases resistance to apoptosis; it
also decreases b-oxidation and increases lipid synthesis in the
cytosol.60 Hence, it seems a reasonable possibility that a very-low-
carbohydrate diet could help to reduce the progression of some
types of cancer, although at present the evidence is preliminary.61

Figure 1. Suggested mechanisms for the therapeutic action of ketogenic diets in pathologies for which there exists strong (a) and emerging
(b) evidence.

Therapeutic uses of ketogenic diets
A Paoli et al

792

European Journal of Clinical Nutrition (2013) 789 – 796 & 2013 Macmillan Publishers Limited

Potential therapeutical role of ketogenic diet 

Paoli et Al. Eur J Clin Nutr. 2013. 67: 789–796. 

STRONG EVIDENCE EMERGING EVIDENCE 



Eugenio Luigi Iorio © 2019–2020 www.osservatoriostressossidativo.com 

Hypoxia leads to acidosis and acidosis leads 
to oxidative di-stress that can be measured 

Hypoxia, acidosis and oxidative di-stress impact oxida-
tion-reduction potential (ORP) that can be measured too. 

pO2 

pH 

RxS 

HYPOXIA ACIDOSIS 

OXIDATIVE 
DI-STRESS HP10, and median pO2. Hypoxia subvolume is another metric

for hypoxia quantification defined as the total tumor volume
multiplied by the hypoxic fraction. The stratification of pa-
tients into hypoxic or normoxic subgroups requires defining a
hypoxic threshold. Figure 5B illustrates a defined hypoxia
threshold of a large patient population (262). While there is no
standard threshold commonly accepted for defining hypoxia,
researchers reported using median HP2.5 (236) or HP2.5 > 19%
(108, 201) as hypoxic cut-offs to identify patient groups, as
these values are linked to poor treatment outcomes.

Oxygen electrodes have several limitations that impede
their routine use in clinical practice. Most notably, the method
is highly invasive, making repeated measurements extremely
rare. The machine itself requires a technically skilled user, and
inter-operator variability can be significant. The construction
of three-dimensional (3D) oxygen maps is using electrodes
difficult, despite a spatial resolution of 50–100 cells, pre-
venting electrode-based therapy planning. The probe does not
discriminate between viable and necrotic tissue; thus, it
overestimates hypoxia when necrotic areas are sampled (277).
Polarographic electrodes function poorly when patients are
administered halogenated anesthetics (such as halothane),
giving rise to inaccurate oxygen measurements (64, 248).

2. Phosphorescence quenching—alternative direct pO2

measurement. Phosphorescence quenching relies on the
interaction of oxygen molecules with phosphorescent dyes.

When illuminated with a short flash of light, the dyes emit
their own light and the intensity of this emission decays ex-
ponentially at a rate proportional to the local oxygen con-
centration. Using precalibrated parameters that include the
rate of decay in the absence of oxygen and the Stern–Volmer
constant, the rate of decay translates into tissue oxygenation.
Unlike other oxygen-sensing techniques, the oxygen feed-
back is independent of tracer concentration, because phos-
phorescence lifetime is analyzed rather than signal intensity.
Another key advantage of this methodology is its high tem-
poral resolution that provides a real-time tissue oxygenation
profile which is not easily obtainable with other methods.

The two basic phosphorescent quenching methods em-
ployed for the in vivo assessment of oxygen concentration
rely on either molecular reporters or physical needle probes.
Molecular reporters are largely based on various palladium-
containing porphyrins with preclinical investigations starting
in 1986 (238, 273). An early in vivo investigation of phos-
phorescence quenching examined the behavior of an intra-
venously administered porphyrin solution in a perfused rat
liver subjected to either normoxic or anoxic conditions. The
phosphorescence quenching in the liver increased fourfold
under anoxic conditions with a response time of approxi-
mately milliseconds, indicating that the discrimination of
oxygen levels was possible using this modality.

Dendrimerized palladium porphyrins, Oxyphor R2 and
G2, were later developed for mapping oxygen concentrations
in murine tumor models at oxygen levels below 10 mmHg
(76) using either basic oxygen contour plots or reconstructed
oxygen histograms (301). From a preclinical validation
study, the Oxyphor G2 signal differentiated well-oxygenated
malignant melanomas (37.8 – 5.1 mmHg) from both moder-
ately oxygenated renal cell carcinomas (24.8 – 17.9 mmHg)
and hypoxic Lewis lung carcinomas (1.8 – 1.1 mmHg). The
assessment of hypoxia was confirmed by tumor histology,
pentafluorinated etanidazole (EF5) binding, and tumor blood
flow by contrast-enhanced ultrasound suggesting that Oyx-
phor G2 provides critical tissue oxygenation information in
tumors. Recently, new Oxyphor derivatives were developed
to tolerate a variety physiological environments (289). This
new generation of the ‘‘protected’’ dendritic probes operate
in either albumin-rich (blood plasma) or albumin-free (in-
terstitial space) environments over a range of physiological
oxygen concentrations with excellent submillimeter spatial
and subsecond temporal resolution (85).

Recently, phosphorescent molecules embedded into a so-
lid support within physical needle probes enable tissue oxy-
gen measurements, albeit invasively. These instruments
monitor regional pO2 concentrations in brain tissue (63) and
surface accessible tumors (110).

3. Electron paramagnetic resonance. The method re-
quires an injection of an exogenous probe bearing an un-
paired electron that is selective in its interaction with oxygen
(97). Recently, implantable and metabolically inert para-
magnetic lithium phthalocyanine crystals have been utilized
as oxygen-sensitive electron paramagnetic resonance (EPR)
probes to monitor changes in tissue hypoxia (140). The width
of the spectral band corresponding to the probe signal cor-
relates with oxygen concentration. Similar to oxygen elec-
trodes, EPR imaging data provide quantitative pO2 values.
With EPR, repeated measurements of absolute pO2 from the

FIG. 4. Hypoxia imaging methods and the type of in-
formation provided by each modality. BOLD MRI, blood
oxygen level-dependent magnetic resonance imaging; DCE-
MRI, dynamic contrast-enhanced magnetic resonance im-
aging; EPR, electron paramagnetic resonance; HIF-1a,
hypoxia-inducible factor 1a; NIRS, near-infrared spectros-
copy; OMRI, Overhauser-enhanced MRI; PALI, photo-
acoustic lifetime imaging; PAT, photoacoustic tomography;
PET, positron emission tomography; PIMO, pimonidazole.
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Liquid Biopsy: Current Status and Future 
Perspectives

Oncol Res Treat 2017;40:404–408 405

Circulating Tumor Cells

Circulating tumor cells (CTCs) were first described in the mid 
of the 19th century by the Australian pathologist Ashworth, who 
discovered cells similar to those of the tumor in a patient’s blood 
after death [9]. Up to now, a mass of studies has been published on 
CTCs and their clinical relevance, and a huge scientific research 
field on that topic has evolved [10]. CTCs are of particular interest 
because these cells succeeded in extravasating from the tumor into 
the circulation and might potentially intravasate into distant tis-
sues to form overt metastases. A deep analysis of these metastasis-
initiating cells [11] might help to decipher the molecular processes 
of the metastatic cascade [12]. A crucial step for intravasation and 
survival in the bloodstream for a cell is to gain plasticity and motil-
ity, which involves the process of epithelial-mesenchymal transi-
tion (EMT). During EMT, the epithelial cell adhesion molecule 
(EpCAM) may be downregulated. As it is widely used as a marker 
to enrich CTCs, there is a need for techniques that also accurately 
capture the more mesenchymal fraction of CTCs. Several ap-
proaches have been made to address this issue and some of them 
have even been tested in first clinical studies [13].

A variety of techniques for analyzing CTCs in blood have been 
developed over the last few years and are discussed in detail else-
where [14]. The purposes that CTC detection and characterization 
can fulfill in oncology are diverse. Importantly, CTC positivity is a 
prognostic marker for disease outcome in different carcinomas, 
and identifies patients with minimal residual disease who are at 
risk of recurrence [15–17]. Moreover, CTC analyses might serve to 
guide treatment decisions by predicting the response to pharma-
ceutical agents in individual patients based on their particular mo-
lecular disease signature, e.g. the expression of the androgen recep-
tor variant V7 (AR-V7) in castration-resistant prostate cancer 

(CRPC) [18]. During the course of therapy, CTC detection can be 
used as a surrogate marker for response, e.g. in CRPC [19] and 
breast cancer [20]. Interestingly, Yu and colleagues [21] found a 
dynamic predominance of either epithelial or mesenchymal-like 
CTCs in times of treatment response or progression, respectively, 
in metastatic breast cancer patients. Additionally, they observed 
the presence of CTC clusters. For scientific interest, in-depth anal-
yses of CTC characteristics on DNA, RNA and protein levels will 
help in understanding the biology of the metastatic process and de-
ciphering therapy-resistance mechanisms. To facilitate functional 
studies, a higher number of cells is imperative. So far, cell lines 
from CTCs, e.g. of colon [22] and breast cancer [23] patients, as 
well as xenografts from CTCs of breast and lung cancer patients 
[11, 24, 25], have been successfully established and might be ap-
plied for in vitro and in vivo drug testing.

Circulating Cell-Free Nucleic Acids

Apoptotic and necrotic tumor cells are known to discharge cell-
free nucleic acid fragments (cfDNA, cfRNA and cfmiRNA) into the 
bloodstream of cancer patients. Moreover, active secretion of 
cfDNA in exosomes as well as the release of digested fragments by 
macrophages after phagocytosis of apoptotic and necrotic cells 
have been suggested [26]. Although most circulating DNA is be-
lieved to originate from non-malignant cells, an increased level of 
cfDNA was found in the blood of late stage cancer patients [27]. 
Circulating tumor DNA (ctDNA) cannot be specifically isolated 
from the pool of total cfDNA, but the detection of tumor-specific 
mutations indicate its presence [5]. In addition to the primary 
tumor, micro-metastatic deposits or CTCs can also potentially 
contribute to the release of ctDNA, so that it reflects all subclones 
present in a single patient [26]. 

In general, cfDNA can be analyzed from plasma by targeted or 
untargeted approaches, as discussed elsewhere [28, 29]. The tar-
geted approaches involve the detection of known genetic changes, 
e.g. ‘druggable’ mutations, with impact on therapy decisions [30]. 

Interestingly, the study of Murtaza and colleagues [31] revealed 
the acquisition of secondary drug resistance during disease course 
by monitoring clonal evolution in 6 advanced cancer patients for 
1–2  years. Douillard et al. [32] showed that cfDNA has clinical 
utility in determining the epidermal growth factor receptor 
(EGFR) mutational status in non-small cell lung cancer (NSCLC), 
and can represent a substitute for tissue biopsies when these are 
not available. In 2016, the detection of EGFR gene mutations in 
cfDNA using the Cobas EGFR Mutation Test v2 achieved FDA 
approval as a companion diagnostic for Erlotinib, becoming the 
first blood-based biopsy test approved for implementation in clin-
ical decisions [33].

The primary tumor analysis is still the gold standard in NSCLC 
diagnostics of EGFR (and other) mutations because of the lower 
sensitivity of ctDNA analyses. However, it has been recommended 
(e.g. by the FDA) that the blood could be analyzed first to reduce 
the number of invasive biopsies in cancer patients. 

Circulating tumor cells
Æ DNA, RNA, proteins

Exosomes
Æ DNA, RNA, miRNA, 

proteins

Cell-free nucleic acids
Æ DNA, RNA, miRNA

Tumor-educated platelets
Æ RNA

Fig. 1. Liquid biopsy provides a variety of clinically informative components. 
Blood samples can be analyzed for circulating tumor cells (CTCs), cell-free 
 nucleic acids, exosomes and tumor-educated platelets (TEPs) with each of them 
providing valuable molecular information on the genome, transcriptome and/
or proteome level.

The last challenge to cancer heterogeneity 

The Liquid Biopsy 
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L’orchestra 

Nelle mani giuste 
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L’orchestra 

Gli strumenti adatti 
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L’unione 

Fa la forza 
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Going back from clinical practice to basic research 

Clinical studies and meta-analysis are not the BIBLE 

Updated model of evidence-based practice that emphasizes the 
individual patient’s unique presentation as a key consideration, 
with the clinician’s expertise represented as the ability to 
effectively integrate the 3 components [adapted from Evidence-
Based Medicine, Clinical expertise in the era of evidence-based 
medicine and patient choice. By Haynes RB, et Al. 2002. 7 (2): 
36–38.] 

Circular representation of equally important and complementary 
sources of research for guiding clinical practice which has been 
proposed as an alternative to the widely recognised hierarchy of 
research evidence pyramid [Adapted from Walach et Al] 
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Liberi . . . dai radicali liberi! 

La prima campagna educativa  
istituzionale sullo stress ossidativo 
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Vatican City. Saint Peter’s square.  
14 September, 2005. 

A wood oven for the emeritus Pope Benedict XVI 
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From integral antioxidant pizza . . .  
to the anti-wrinkle pizza! 

Potentially usefull for cyclists too! 
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Oltre un millennio fa 

I precetti della Scuola Medica Salernitana 

Si vis incolumem,  
si vis te reddere sanum,  

curas tolle graves 
irasci crede profanum 

parce mero, coenato parum 
non sit tibi vanum  
surgere post epulas 

somnum fuge meridianum.  
Non mictum retine,  

nec comprime fortiter anum.  
Haec bene si serves,  

tu longo tempore vives.  
Si tibi deficiant Medici,  

medici tibi fiant haec tria: 
mens laeta, requies,  

moderata diaeta. 
 

[Regimen Sanitatis –  
Schola Medica Salernitana,  

IX sec. d. C.] 
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Molto prima 

Le credenze popolari 

Si vis incolumem,  
si vis te reddere sanum,  

curas tolle graves 
irasci crede profanum 

parce mero, coenato parum 
non sit tibi vanum  
surgere post epulas 

somnum fuge meridianum.  
Non mictum retine,  

nec comprime fortiter anum.  
Haec bene si serves,  

tu longo tempore vives.  
Si tibi deficiant Medici,  

medici tibi fiant haec tria: 
mens laeta, requies,  

moderata diaeta. 
 

[Regimen Sanitatis –  
Schola Medica Salernitana,  

IX sec. d. C.] Per gentile concessione del Collega Carlo Maggio 
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La Medicina Integrata per i pazienti con patologia 
oncologica e malattia cronica debilitante immunomediata. 

Ospedale Gallino, Ambulatorio Medicina Integrata 
Antonio Lanza. Genova. 11 gennaio 2020. 

Grazie per l’attenzione! 
 

Un ringraziamento particolare al dr. Edoardo Rossi 

Redox	Research	Center	(Tokyo,	Japan)	


