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Evolution of living organisms and redox status
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General metabolic pathways
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From oxidative processes to energy and live




Comparison between anaerobiosis and aerobiosis

Citoplasma

2 ATP

Rendimento

2NADH 2 piruvato netto

6 CO,

Mitocondriofz NADH _/i
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6 NADH ——
/ Ciclo
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netto

Much more energy from aerobic oxidative processes




The other face of oxidation




1940-1950

: 1

1954-1955
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Oxygen and living organisms

Prime evidenze sperimentali in animali da laboratorio
sul possibile ruolo tossico dell’iperossia

Disturbi respiratori fino a comparsa di lesioni alveolari
dopo prolungata esposizione ad O, puro

La fibroplasia retrolenticolare € provocata
dall'esposizione dei neonati ad elevata pO,

Molte lesioni in vivo sono provocate
dalle specie reattive dell’'ossigeno

Alcune specie reattive sono utili (fagocitosi)

The discovery of oxygen toxicity
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What is OXIDATIVE STRESS?

The oxidative stress is a particular kind of chemical stress
induced by the presence, in a living organism, of an excess of
oxidant chemical species (OCS) that results from an
increased production of OCS and/or a decreased efficacy of
antioxidant enzymatic and/or non enzymatic defence system.

Protection s Ay . Tissue damage
from diseases Antioxidants II II Free radicals qei .

The breaking of a balance




Ageing and almost 100 diseases
are related to OXIDATIVE STRESS

Alzheimer’s Parkinson’s
disease disease

Atherosclerosis Maculopathy,
cataract

: : Rheumatoid
Kidney diseases arthritis

Pancreatitis and \ Crohn’s
liver diseases disease

Stroke, miocardial Diabetes,
infarction obesity

COPD AGEING Cancer

“The free radical man”




THE INTERNATIONAL OBSERVATORY
OF OXIDATIVE STRESS ACTIVITIES

CONTINUOUS EDUCATION

INFORMATION
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> DATA COLLECTING







The REDOXOMICS. A common trait d’union.

GLYcoMmics [

TRASCRIPTOMICS METABOLOMICS

q4 PROTEOMICS
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AN OXI.GEN LAB VIEW




FAST TEST®: THE LIPIDOMICS ENTERS
IN TO THE POPULATION STUDIES.
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Fig. 1. Gas chromatographic profiles of FAME of plasma (A) and whole blood (B) lipids after direct transmethylation.




From the clinic to the laboratory

Clinical suspect

i |
=

History and clinical visit

Oxidant/antioxidant status evaluation

Generic diagnosis of OXIDATIVE STRESS
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O. S. biochemical assessment
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Normal Abnormal O. S. by abnormal reactivity m m MINER

Metabolism/respiration markers
(BMI, thyroid hormones,LDH,lactate)

Normal LULCIE e O. S. by metabolic/respiratory deficit

Cardiovascular markers
(cholesterol, HCY, nitrates?)

Normal Abnormal O. S. by pO, changes

Toxicity/exposure markers (AST,
ALT, alcohol, drugs, chemicals)

Normal Abnormal O. S. by microsomial induction

O. S. by indefinite causes

FURTHER INVESTIGATIONS
EZIOLOGIC DIAGNOSIS
SPECIFIC TREATMENT

EMPIRIC APPROACH O. S. MONITORING

RECOVERY
O. S. MONITORING
RELAPSES PREVENTION




THE PROJECT FOR SPAIN PHARMACISTS

...

Modulo |l

Conselo Genena
De COLEGIOS OFICIALES
D€ FARMACEUTICOS

El laboratorio
en el estudio
del estrés oxidativo

1. Introduccion

2. Principios y razonamiento de la evaluacion del estrés
oxidativo
3. Tests de valoracion de la capacidad o potencial oxidante

3.1. Tests para la valoracion global
3.2, Tests para la valoracion especifica o selectiva

4, Tests para la valoracion de la capacidad o potencial
antioxidante

4.1. Tests para una valoracion global
4.2, Tests para una valoracion especifica o selectiva

5. La gestion del estrés oxidative en la practica clinica
B. Conclusiones
7. Biblicgrafia esencial

8. Paginas web de interés




Oxidant Chemical Species (OCS). The Free Radicals.

An atom of Neon An atom of Oxygen The hydroxyl radical (HO)
Only paired electrons Two unpaired electrons One unpaired electron

Atom (stable) Oxygen Free Radicals (unstable)

Free Radicals or Radicals, instead of most atoms,
share always one or more unpaired electron(s)




Non-Radical Oxidant Chemical Species

Non-Radical OCS, like hydrogen peroxide,
share always paired electrons




The REDOX process

BRid5Een unpaired electron

y W > i i
A - c & c €h: co
o = B ]

Free radical Target molecule Neutral molecule New radical
(oxidant) (e. g. a double bond C-C) (reduced, stable) (oxidized, oxidant)

REDUCTION

I Gain of electrons

H,0, +R|E-'i"(C:'NIG_* H (5 + HCIO

OXIDAN T I

Loss of electrons T
OXIDATION

The chemical basis of REDOXOMICS




Plasma antioxidant barrier prevents cellular
oxidative damage by blocking OCS in the blood

© JIISANIIN

Sonin

SH Other chemical groups

Thiol groups (-SH) are qualitatively important
components of plasma antioxidant barrier




The production of free radicals from leukocytes

RQOH e > RO/ROC
PLA,
PL/—\AA :

Batteri, LPS, Ig

KILLING

“OH" + OH

Relevance of oxidative stress




Basic cell mechanisms of oxidative tissue damage

O

Hydroxyl radical

External agents
-

Oxidative
damage

0,

/ R,H ROOH =%

Respiration v Rli-ery. /RIS
Oxidative 748 SO @ Endothelial
damage 0 damage

Citoplasm_




Disastrous effects of free radical excess on the cell

Perossidazione
di lipidi

Modificazioni
enzimatiche

Perossidazione ammi
noacidi e proteine
Lesioni del DNA
(Per)ossidazione
di carboidrati

Rottura
di proteine

.-'l." .l hL X a A K 3
.-r__‘l I_I'llr'.‘.' | al E ]
ﬁ'\ w01
Cellula normale - g Celluladope Alterazioni dell’
(senza lesioni) I’'attacco di SCO omeostasi ionica

Every biomolecule can be affected by OCS




Biochemical basis of atheromatous lesion

native @latehts
o LDL\

ox LDL i ox LDL | Monocytes
J NO —
—

Sc B BT ‘?::am:hnger+

Cﬂ.ﬁﬂﬂﬂmuf r-"*wl Aeceptor

The role of dyslipidemia and oxidative stress




The discovery of NITRIC OXIDE as signalling molecule

NORMAL FUNCTIONS ABNORNAL FUNCTIONS

Together with the Nobel Prize, Louis Ignarro.




OXIDATIVE STRESS results by an unbalance
between prooxidant and antioxidant systems

Radiations, drugs, heavy metals Reduced intake
Cigarette smoking, alcohol, pollution and/or reduced synthesis
Inadequate exercise, to be sedentary and/or reduced bioavailability

Infectious and other diseases e/o increased antioxidant consumﬁtion
Oxidant Species 1

% Cell damage é

Tissue damage
Organ damage
Systemic damage

Cardiovascular § Alzheimer’s d. Early Inflammations, Other
diseases Parkinson’s d. aging neoplasm diseases

Oxidant Chemical species can be either the cause
or the effect of OXIDATIVE STRESS




Oxidative stress. The break of a balance.

Increased production of Antioxidant barrier
OCS (1ROS, RNS, RCS, RAS...)® impairment (IC and/or EC AO )

. 5 i 5

1 (Per)oxidation of biomolecules with generation of oxidised byproducts

ROOH, R-NHCI, AGE, IP, 8-OH-dG

1 Oxidised byproducts and/o | concentration/activity of AO
into the tissues and/or extracellular fluids

EARLY AGING AND OXIDATIVE STRESS RELATED DISEASES
stroke, infarction, diabetes, Alzheimer’s and Parkinson’s disesase, cancer

Evaluating to prevent and to monitor (OCS can
be either the cause or the effect of damage)




Table 1. Human dize sses that were found o be associated with inoressed cxidative stress on the basis of {potentiald
biomadeers of cxidative damage.

Blomarker
fLn]
BE
Esthrra
Brmnesoleresis
Cukanecus Wishmaniass
Clabates melibus
Preaclampsia
HNME
L'n}
Brmnesoleresis
Cardwascuar diseass
COFD
I cogrithve Imeaimmant
[21]
Rzro ke
Aol esis
Cardwascuar disesss
I cogrithve Imeaimmank
Fa-ls0Ps
BACE
Baxs and dwonks doohcllz e
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Bods drast syndroms of skkke call
disaase
&0
Esthrma
Brarosclorosis
Cardopuimorary byrass
Cardwascuar disesss
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COFD
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CrograiE-Jakch dssass
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Cystio Abrosks
Claberies (hypes 1 and 31
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Haart falurs
Hapatio cimhosls
Hurkingten dissass
Hyperdrolesierclomiz
Hyperhormoy shainemia
Ischamiz/Reparfusion Injury
nErsttal ung dseass
MWukiplks stkross
MWynzardal Imfarction
Thasky
Caiscaritrkis
Osiecpoross
Panzrasths
Primary bilary orhosis
Psridic anhrils
Pulrrainiany iy pertansion
Razctive aritriis
RhsumaioH anirks
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3, 40}
7a)
3}
iy
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23, 54}
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Skkke cal dbaass

Spina cord Injury
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Systemio solercsls [sclkercdema)
Unstzbla argina

and/or GEH:GE5E rabo
BACE
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L)
BLE
Esbaerinsis
Rsthma
Arada talarglectazia
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Cardwvascular disesss
Cataract garesls
Clabeies malikus E=oth 1ypes]
HI.posiiie patiants
Hiccathio puimonary Teross
Ischami brain
[20]
Prasclampsia
Respratoy disiress smdrome
Retinopathy of prematurty
RAhsumidol arhritks
Wamsr syndrome
Edhiathbonylaied proieins
C atarat garesis
Cdabaios [types L and 7]
Frieedrabdhi ataxla
HIV nfactions
Hypadipldamia
Reral call carcinoma
Spranoyiosis
Urarmia assoolais=] wkh
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dialy =iz
MO T
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L]
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Cadwvascular disesss
COPD
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Ruhersncain]
{23, 84}
{23, 84}
23}

23, 34,64}
23}
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B0
B}
(B0}
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15}
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Biomarker of oxidative stress and relative diseases

Tabl= 1. Continusd
Blorarkar
Coiecaritrks
Preaolampsia
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Severa bromchopulmoniany dysplasia
In neonatas
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&sthrma
Mraresclarosis
Cardovascular disesss
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Coronary arery dssase
Cystio Abrosis
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O
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Cysto fibrosis
End-siage renal dssase
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FO

Praaplampsia
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Sepsks

Systamic amykosis
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Wamer syredroms




The isoprostanes pathway
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Other common biomarkers of oxidative stress

Lysine

ros
e
Arginine
Crarbaoy methillysire Pertasidine
Advanced glycosilation end-products (AGEs)
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Markers of DNA oxidative damage
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The challenge of imaging (monoclonal
antibodies against 8-OH-dG) (1)

Rat lung slices (atypical dysplasia)




imaging (monocional
t 8-OH-dG) (2)
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The challenge of




Ozone therapy

Archives

of Medical

e s Research
ELSEVIER Archives of Medical Research 38 (2007) 571-57H

OPINION

To What Extent Does Ozone Therapy Need a Real Biochemical Control
System? Assessment and Importance of Oxidative Stress

Frank Antonio Herndndez
Dzane Research Center Habana, Cludad de la Habana, Cuba

Received for publication November 7, 2006; accepted March 20, 2007 (ARCMED-D-06-(0475 ).

Ozone therapy 1s not officially allowed in many countries, but private medical services
are using this therapy worldwide. However, appropriate control systems to assess the ben-
efits and risks of systemic ozone therapy are not alwavs used and in such cases the treat-
ment 1s based on anecdotal reports. Oxidative stress phenomenon 15 becoming
a highlighted biological process for ozone therapy because it is deeply involved in its
mechanism of action. On the contrarv. orone theranv is an efficient reonlator of the ox-

Why and how to monitor oxidative stress



http://www.amazon.com/review/create-review/ref=dp_top_cm_cr_acr_wr_link?ie=UTF8&nodeID=&asin=0934740070

Ozone therapy

Ozone therapy 1s not officially allowed in many countries, but private medical services
are using this therapy worldwide. However, appropriate control systems to assess the ben-
efits and risks of svstemic ozone therapy are not always used and in such cases the treat-
ment 15 based on anecdotal reports. Oxidative stress phenomenon 15 becoming
a highlighted biological process for ozone therapy because 1t 15 deeply involved n its
mechanism of action. On the conftrary, ozone therapy 1s an etficient regulator of the ox-
1dative stress processes. In terms of therapeutic effects, 1t 1s convenient to know the met-
abolic status of the organism to face new oxidative challenges betore and during ozone
therapy applications. Oxidative stress 15 also important because 1t 15 involved as a cause
or effect of many diseases. Since the 1990s, there has been the necessity of developing
reliable systems for measuring oxidative stress in humans. In this sense, we have pro-
posed a system for oxidative stress diagnosis that can serve as a control system for sys-
temic ozone therapy applications. The system is based on the blood measurement of eight
biomarkers (GSH, GPx, GST, 50D, CAT, DC, SREATB, and HPT) and the interpretation
of these values by a computer-developed algorithm yielding four new indices (total anti-
oxidant activity, total prooxidant activity, redox index and grade of oxidative stress). The
system shows the patient’s redox status and estimation of the oxidative stress level, with
this information being relevant regarding implications on dosage and therapeutic effec-
tiveness of ozone therapy. 2007 IMSS. Published by Elsevier Inc.

Key Words: Ozone therapy, Oxidant state, Antioxidant state, Antioxidant enzymes, Oxidative stress,

Why and how to monitor oxidative stress?
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Ozone therapy monitoring

Table 3 Grades of oxidative stress and their clinical memning

Grade Meaning

0 Mo oxidative stress

Light oxidative stress
Maoderate oxidative stress
Severe oxidative stress
Very severe oxidative stress

1
2
2

Tahle 1. Biochemical indices for a proposed svstem for measuring
the oxidative stress stats in humans from a blood sample

Antoxidants Prooxidants

Reduced glutathione (GSH)

Glutathione peroxidase (GFx) Conjugated dienas (CD)

Glutathione S-transferase (GST)  Total hydroperoxides (THP)

Superoxide dismutase (S00D) Thiokarbituric acid reactive substances
(TBARS)

Catalase (CAT)

number of sessions

Figure 5. Response of antioxidant and prooxidant parameters during ozons
major antohemotherapy application in a cardiopathic patient.

Which test?
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Ozone therapy

Table 4. Oxidative stress diagnosis using the computer program
for values obtained with the patient in Figure 5

Total Total Cirade of
Tahle 2. Resulting indices from oxidative stress diagnostic computer Ozone therapy  antioxidant prooxidant Redox oxidative
o gram session number activity (units) activity (units)  index stress

Total antioxidant activity 0 12838 167.96 0,764
Total prooxidant activity 5 12345 17869 0691
Redox index 110 138,92 175.21 0.790
Grade 14 14428 169,70 (.s50

How to manage the results?
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Evaluating to prevent and to monitor

Evaluation of the “attack” Evaluation of the “defenses”

First line tests First line tests
(d-ROMs, MDA) (OXY, TAS, BAP, SHp)

Second line tests Second line tests
(FAT PROFILE®, FAST, IP, 8-OH-dG) g (GPx, SOD, CAT, vitamins, minerals)

Prevention and monitoring of early aging
and oxidative stress-related diseases




The Carratelli’s panel

Evaluation of the “attack” Evaluation of the “defense

13 ”

5 B
d-ROMs test BAP test
5 B

. 2
GLOBAL EVALUATION OF OXIDATIVE STRESS

PREVENTING AND MONITORING
OF OXIDATIVE STRESS-RELATED DISEASES

Evaluating to prevent and to monitor




d-ROMs test

CH,-CH,
Amine base
NOT COLORED

CH,-CH,

Radical cation
COLORED (PINK)

The chemical principle (normal range 250-300 CARR U)




BAP test

The chemical principle (optimal value>2200 umol/L)




Combined evidence of spectrophotometry
and electron spin resonance spectroscopy
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(A) Room temperature time profile of the normalised spectral intensity (+) and of A,,, readings (A) exhibited by the
system DEPPD (3.7 x 10 M)/tBuOOH (3.9 x 10°M)/FeSO, (2.8x10-° M) at room temperature. (B) Time profile of the
A, readinmgs exhibited by the systems DEPPD (3.7 x 10-* M)/{BuOOH (3.9 x 10-M)/FeSQO, (2.8x10° M) (+), DEPPD
(3.7 x 10-® M)/tBUuOOH (2.0 x 10")/FeSO, (2.8x10° M) () and DEPPD (3.7 x 10-* M)/tBuOOH (0.95 x 10-°M)/FeSO,

(2.8x10° M) (A) at room temperature.
tBuOOH: tert-buthylhydroperoxide; DEPPD: N,N-diethylparaphenylendiamine

The DEPPD radical responsible for the ESR spectrum
is also responsible for the absorption at 505 nm




Genetic disorders with brain impairment.
The Oxidative Balance Progeria Study.

Prooxidant status (d-ROMs) Antioxidant status (BAP)
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Significantly increased oxidative
status in Progeria (Iorio, 2007)




The d-ROMs test is a useful test to predict
the first atherothrombotic event

Established and Emerging Plasma Biomarkers in the
Prediction of First Atherothrombotic Events

Paul M Ridker, MD, MPH; Nancy 1 Brown, MD; Douglas B Vaoghan, MDDy
Divid G. Harrison, MI: JTawahar L. Mehia, MD, PhD
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Cardiovascular diseases
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Kaplan—Meier survival curves according to 75t" d-ROMs test percentiles,
considering cardiac death (A) and total mortality (B) as end points.

Predictive role of d-ROMs test




Cardiovascular diseases

Quartile 4
(>56,31 U/g Hb)

Quartile 3
(56,31 — 48,32 Ulg Hb)

— Kaplan—Meier  curves  showing
wxz-ao usi cardiovascular events according to
quartile of GPx-1 activity. The

s UMbers of cardiovascular events
=" were 33, 23, 16 and 11 in quartiles
1, 2, 3, and 4, respectively.
Glutathione Peroxidase activity 1 is

shown in units per gram ol

P<0.001 (by log-rank test) haemoglobin.

1
100 200 300
Weeks of follow-up

Predictive role of GPx




The d-ROMs test

A SIMPLE PROCEDURE FOR SCREENING PURPOSES




THE NEW CARPE DIEM SYSTEM




The model of hyperbaric oxygen therapy (HBO).
Suitability of d-ROMs test.

500 Diabetic feet (n = 4) - Refractory chronic osteomyelitis (n = 4) - Aseptic osteonecrosis (n = 4)
I IBefore HBO p<0,05

400 WM After HBO

First HBO 15 HBO

Significant increase of oxidants after repeated cycles
of hyperbaric oxygen therapy (Benedetti, 2004)




The model of hyperbaric oxygen therapy (HBO).
Suitability of BAP test.

P<0.05 P<0.05 I IBefore

B aster

First Session Second Session

Significant increase of BAP test values after two session of hyperbaric
oxygen therapy (n=9, means * SE, one-way repeated-measures ANOVA
followed by Dunnett’s test) (modified by Kongoji et al, 2007).




The model of SCUBA divers.
Suitability of BAP test.

P<0.05

Before diving After diving

Significant increase of BAP test values after diving (n=10, means *
SE, one-way repeated-measures ANOVA followed by Dunnett’s test)
(modified by Yamami et al, 2007).




Ozone therapy

Ozone as an oxidant and its influence on free radical activity and
antioxidant levels in the human environment in disease and haalth

Thomas Marshall-Manifold
Wimbledon Clinic of Matural Medicine, Londan, UK.

Abstract

A nurmbsr of free radical species fulfil physiologically mportant roles
within the body, for example, superodde and nitric oxide funclion as
second messengers. However, free radical levels in the body must be
carefully controled as they are highly reactive and can causs tissus
destruction.

Anticxidants help regulate and contrad the levels of free radicals at the
required physiological concentrations. When the production of free
radicals and their removal by the antioxidant system  becomes
unkalanced, tissue damage and diseass can coour,

The use of czone as a therapautic modality to counteract the disease
process in the body would seem 1o be paradosical at the least, czone
E=ing an oddant, and by definition a procurar of free radical activity.

This papsr reports the sffect of czone on both free radicd and
anticxidant levels in the bleod of subjects both in disease and health
b=fore, during, and after czone therapy

TheWimbledon’s Study




Ozone therapy
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Ozone therapy

Week 2 1 hour 1 hour 24 hours
T days before ceone | after ozone | after ozone
later

Fatien AT U Carr 257 ULCarr | 282 U Carr

Egi;?nl Ara U Carr | 285 UCarr | 252 U . Carr

Eﬂﬂi;;nl araU . Carr | 302 UCarr | 251 U Carr

E;Enlenl 410U . Carr | 290 ULCarr | 211 W Carr
Q.

TheWimbledon’s Study




Ozone therapy

YR our our 24 hours
T days before czone | after czone | after ozone
later

MNo. 1

324 U.Carr | 300 LLCarr
[

350 U .Carr | 307 LLCarr
I3

367 U.Carr 329 L. Carr
M.

TheWimbledon’s Study




Ozone therapy

eAlthough the trends observed in this limited study
suggest the beneficial effect of ozone on the immune
system further research on a wider scale especially on
the observation of the transient rise in free radical
activity 24 hours following ozone application would be
welcome.

eAs there is the possibility, that in patients suffering
from autoimmune conditions, free radical activity may
not always fall following this observed 24 hour transient
rise.

eOne precaution to eliminate this risk would be to
prescribe high antioxidant medication for 24 to 48 hours
following ozone treatment.

TheWimbledon’s Study




Ozone therapy

African Journal of Biotachnology Vol 7 (14), pp. 2472-2477, 18 July, 2008
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Full Length Research Paper

The protective effect of plasma antioxidants during
ozone autohemotherapy

L.H du Plessis'*, F.H. van der Westhuizen® and H.F. Kotzé?

'School of Pharmacy, Subject Group Pharmaceutics, North-West University, Private Bag X6001, Potchefstroom, 2520,
South Africa.
23chool for Biochemistry, North-West University, Private Bag X6001, Potchefstroom 2520, South Africa.

Accepted 5 Novembsr, 2007

Qzone (Qy) therapy forms part of a group of complementary and alternative medical therapies and is
gaining more and more interest worldwide. There is, however, some concern regarding Os-toxicity and
uncertainty about the effectiveness of Oxtherapy. In this study we investigated the possible protective
effects of the plasma antioxidant defense system during OxAHT. Venous blood from six apparently
healthy human donors was collected. In one part of the study a precise volume of blood was mixed
with an equal volume of 040, gas mixture containing 20 or 80 pg/ml Q4 for 20 min. In the other part, the
plasmawas washed out, the cells resuspended in a buffered phosphate solution and treated with same
concentrations of O, Control samples was not treated or treated with O, Ozone-AHT caused increased
plasma hydroperoxide levels and glutathione ratio. Antioxidant enzyme (catalase, glutathione
reductase, glutathione peroxidase) activity of peripheral blood mononuclear cells (PEMC) decreased,
whereas superoxide dismutase levels increased slightly. Plasma antioxidant capacity decreased.
These effects were more evident in the absence of plasma antioxidants. Therefore the damaging
effects of O, were quenched by the antioxidants present in plasma.

The protective effects of plasma antioxidants
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Ozone therapy
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Figure 1. Cheracerization of the osddative stress siahes afler
treatment. A) Lewvels of hydropsroxides messumed in the two
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Ozone therapy
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Ozone therapy
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Epithelial cancers
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A multi-step process (Go et al.)




Cellular response to oxidation




The paradox of oxidant chemical species (1)

Reactive Oxygen Species: A Breath of Life or Death?
John P. Fruehauf and Frank L. Meyskens, Jr.

Abstract New insights into cancer cell - specific biological pathways are urgently needed to promote
development of rationally targeted therapeutics. Reactive oxygen species (ROS) and their role in
cancer cell response to growth factor signaling and hypoxia are emerging as verdant areas of
exploration on the road to discovering cancer’s Achilles heel. One of the distinguishing and near-
universal hallmarks of cancer growth is hypoxia. Unregulated cellular proliferation leads to forma-
tion of cellular masses that extend beyond the resting vasculature, resulting in oxygen and nutrient
deprivation. The resulting hypoxia triggers a number of cntical adaptations that enable cancer cell
survival, including apoptosis suppression, altered glucose metabolism, and an angiogenic pheno-
type. lronically, recent investigations suggest that oxygen depletion stimulates mitochondria to
elaborate increased ROS, with subsequent activation of signaling pathways, such as hypoxia
inducible factor 1w, that promote cancer cell survival and tumor growth. Because mitochondria
are key organelles involved in chemotherapy-induced apoptosis induction, the relationship
between mitochondria, ROS signaling, and activation of survival pathways under hypoxic condi-
tions has been the subject of increased study. Insights into mechanisms involved in ROS signaling
may offer novel avenues to facilitate discovery of cancer-specific therapies. Preclinical and clinical
evaluation of agents that modify ROS signaling in cancer offers a novel avenue for intervention.
This review will cover recent work in ROS-mediated signaling in cancer cells and its potential as a
target for developmental therapeutics.




Cancer chemoprevention by ROS?

Free Radical Biclogy & Medicine 45 (2008) 97-110
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Cancer chemopreventive agents block the transformation of normmal cells andfor suppress the promotion of
premalignant cells to malignant cells, Certain agents may achieve these objectives by modulating xenobiotic
hiotransformation, protecting cellular elements from oxidative damage, or promoting a more differentiated
phenotype in target cells. Conversely, various cancer chemopreventive agents can encourage apoptosis in
premalignant and malignant cells in vivo andfor in vitro, which is conceivably another anticancer
mechanism. Furthermore, it is evident that many of these apoptogenic agents function as prooxidants in
vitro, The constitutive intracellular redox environment dictates a cell's response to an agent that alters this
environment. Thus, it is highly probable that normal cells, through adaption, could acquire resistance to
transformation via exposure to a chemopreventive agent that promotes oxidative stress or disrupts the
normal redox tone of these cells. In contrast, transformed cells, which typically endure an oxidizing
intracellular environment, would ultimately succumb to apoptosis due to an uncontrollable production of
reactive oxygen species caused by the same agent. Here, we provide evidence to support the hypothesis that
reactive oxygen species and cellular redox tone are exploitable targets in cancer chemoprevention via the
stimulation of cytoprotection in normal cells andfor the induction of apoptosis in transformed cells,

© 2008 Elsevier Inc, All rights reserved,




The paradox of oxidant chemical species (2)
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Chemopreventive -induced oxidative stress
may enhance cell elimination

>

Chemopreventative Agent-induced B Prooxidant
ROS/Oxidative Stress Cancer Chemopreventive

iﬂ’l"ﬂmiﬁ- PR Transformed Cell
I] ﬂﬂ tl: B IHI ROS/Oxicative

Oncosis Stress

- : .,’,.4-'"\‘ @ -'

Proliferation, o*
Transformation/

Tumor Promotion

Homeostasis
Mitechondrial Membrane
Fermeabilization

Epithelial Cell Effect

Apoptosis

Apoptosis Induction from
| l Uncontrellable ROS/Oxidative Stress
Low Moderate High
Level of ROS/Oxidative Stress

FrEEEEEET TR EEY ST e

Fig 3. Exploiting the redox tone of transformed cells encourages cell elimination.  threshold required for anomalous proliferation, could potentially drive these cells o

[A) Transformed cells in the promotion sage of tumorigenes s are inherently obligated  elimination via apoptosis or onoosis (B] Uncontrollable chemopreventve agent-

Lo vie with enhanced addative stress, Consequently, their oxidizing intracelular envi-  induced ROS production in transformed cells could inflic widespread damage o

ronment should make these cells more likely o succumb 1o the elects of a prooidant  numerous oellular components including DNA, protein, and membranes. In addition to

agent that Further promotes and escalates cellular ROS production. Chemopreventive  ROS and axidative stress, apoptogenic mitochondnial proteins like apoptoss-inducing

agents that enhance ROS andfor odidative stress in transformed cells, above the  factor, cytochrome ¢, and endonuclease G released via MMP could also contribute to
cellular degradation. Please refer to the text for additional details,




Increased levels of oxidative stress
after chemotherapy

| | *p<0.|001. vs baseline

Baseline = 1thcycle = 2hcycle = 3t cycle

Usefulness of d-ROMs test




Oxidative stress levels increase
during antineoplastic radiotherapy

410

360

> 310

4
e
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*p<0.001; **p<0.01 vs baseline
|

[ Baseline thcycle 2% cycle

d-ROMs test is useful to monitor oxidative stress
in radio-treated neoplastic patients




Corticotherapy drammatically reduces free radical
levels in patients with leukemia/lymphomas

700 p<0,01 n=20

600

500

Before therapy After therapy

d-ROMs test is useful to monitor
iImmunosuppressive therapy in oncology




Antioxidant formulas and cancer

& Taylor & Frands
Free Radical Research, 2003 Vou. 37 {20, pp. 213223 5 Fealths chences

The Impact of Different Antioxidant Agents alone or in

Combination on Reactive Oxygen Species, Antioxidant
Enzymes and Cytokines in a Series of Advanced Cancer
Patients at Different Sites: Correlation with Disease
Progression
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Results from a controlled trial




Oxidative stress and cancer

TABLE IV Assessment of blood levels of ROS, GPx activity,
serum proinflammatory cytokines and IL-2 of 56 cancer patients
and 20 controls

Controls Patients p Value

ROS (Carr U) 172 + 32.2 403.4 + 78.1 0.000
GPx (U/) 10813 = 21347  6770.6 = 2355.2 0.000
IL-6 (pg/ml) 1+25 29.1 = 20.5 0.000
TNFa (pg/ml) 19 + 6.7 41.0 = 27.0 0.000
IL-18 (pg/ml) 115 + 5.6 20.0 = 13.3 0.007
IL-2 (pg/ml) 37.2 + 23 18.4 + 12.9 0.000

Results are expressed as mean * standard deviation. Significance was
calculated by Student’s t-test for comparison to controls.

Significant differences between controls and patients




Oxidative stress and cancer

TABLE V]  Assessment of blood levels of ROS and GPx activity in cancer patients at baseline and after antioxidant treatment with single
agents (first phase of the study)

ROS GPx

MNumber of patients Baseline After p Value Baseline After p Value

Arm 445.2 = 995 73 B3 0.051 60338 = 10409 Hl4o.8 = 2741.1 0.062
Arm 3 44016 + §7.0 F6.3 * 6RO 0.007 B6e25.0 = 17972 G1edle = 1277.6 0.006
Arm 4 45345 + 644 24+ 577 0.050 076500 = 22887 Balle + 22956 0.052
Arm 5 - 401 + 634 FE.3 * 5000 0047 90098 + 46892 10414 + 30342 {340

+49

MArm 2 b 3308 + 534 2578+ 462 0.018 64124 = 13407 S9H23.6 = 23639 0.0
f
]

Arm 1: Alpha lipoic acid 200 mg/day orally. Arm 2: N-acetilcysteine 1800 mg/day v or carbosxyeysteine-lysine salt oral solution 2.7 g/ day. Arm 3: Amifostine
375 mg/day i Arm 4 Reduced glutathione 600 mg/day iov. Arm 5 Vitamin A 30,0001 + Vitamin E 70mg + Vitamin C 500 mg/day orally. All treatments
were administered during 10 days continuously. Significance between values at baseline and after antioxidant treatment was calculated by paired Student’s
f-test. Comparison of the relactive effectiveness of the different antiovidant treatments: Arm 2 vs. 1: ROS p o= 00615, GPx p o= 00508, Arm 2 vs. 3 ROS po= 0.192;
Py op e 0348, Arm 2 vs, 4 ROS p = 00303; GPx po= 00153, Arm 2 vs 50 ROS p o= 0458; GPx p = 0164, Arm 2, which showed the highest mean difference
between baseline and after-treatment values, was selected as the reference arm.

Significant improvement of oxidative stress balance (d-
ROMs[ and 0 GPx) after single supplements




Oxidative stress and cancer

TABLE VII Assessment of blood levels of ROS and GPx activity in cancer patients at baseline and after antioxidant treatment with
combination of different agents (second phase of the study)

ROS GPx

Number of patients Baseline Adfter p Value Baseline Afeer p Value

Arm 1 3945 *+ 68 3451 = 507 (.008 7641.7 = 25489 106144 = 2064.1 0.223
Arm 2 .. M2+ 573 3504 = 419 (1.054 42394 + B21.8 F22E * 11262 0.010
Arm 3 4125 + 677 Fal.h = 42F (1140 FalE0 £ 17857 9Ea0.3 £ 2575.6 1R
Arm 4 : MRT VT3 2580 & 59.0 0.014 63140 = §39.0 107557 + 1569.5 0.7
Arm 5 414.3 = 1121 3495 = 1065 0013 07703 £ 32569 9711.5 * 3456.4 0.087

Arm 1: Alpha lipoic acid 200 mg /day + carboxycysteine lysine salt sachets 2.7 g /day. Arm 2: Alpha lipoic acid 200 mg/day + Amifostine 375 mg/day i.v.
Arm 3 Carboxveysteine lysine salt sachets 2.7 g/day orally + Amifostine 375 mg/day iv. Arm 4 Reduced glutathione 600 mg/day i.v. + Amifostine
AT mg/day v Arm 5 Alpha lipoic acid 200mg /day + reduced glutathione 600 mg/day iv. All treatments were administered for 10 days continuously.
Sigmificance between values at baseline and after antioxidant treatment was calculated by paired Student’s f-test. Comparison of the relactive effectivenass of
the different antioxidant treatments: Arm 4 vs. 1: ROS po= 0.224; GP% p = 00268, Arm 4 vs. 20 KOS pos 00108; GPxp o= 00206, Arm 4 vs, 3 ROS pos 0265, GPx
p o= 0ZFE, Arm 4 v, 5 ROS poe 00191 GPx poe= 00367, Arm 4, which showed the highest mean difference between baseline and after treatment values, was
selected as the reference arm.

Significant improvement of oxidative stress balance
(d-ROMs[ and 0 GPx) after multiple supplements




Oxidative stress and cancer

TABLE IX Comparison between baseline levels of ROS, GPx activity, serum proinflammatory cytokines and 1L-2 of ECOG PS 0-1 with
ECOG PS 0-2 patients

Matients ECOG PS 0-1 Matients ECOG PS 2-3 p Value

ROS (Carr U) Jh66 * V36 4362 + TR0 023
Gl (U /) JUIE4 = 26451 B112.E * 16383 0.136
IL-6 {pg/ml} 21.6 *+ 103 423 + 2649 AL
TNFa (pg/ml) 386 = 262 451 * 25.6 0.398
IL-1B (pg/ml) 185+ 114 226 * 1480 0273
IL-2 (pg/mil) 196 = 143 la.d + 1 0.3849

Results are expressed as mean + standard deviation. Significance was calculated by Student’s f-test.

Significant improvement of clinical outcomes
after antioxidant treatments




Oncology. The SERUM MILK PROTEIN Intervention
Study on female breast cancer.

Statistical comparisons were calculated towards the baseline values (time 0): ]
*p=0,039; **p=0,017; ***p=0,009; ****p=0,002.

0 Month 2 Month 4 Month 6 Month 8 Month 10 Month 12
[350,29+39,29] [379,79+54,24] [385,93+£71,91] [390,93+61,92] [380,64+50,22] [394,86157,97] [407,00+58,54]

stk ok 3 % st s sk sk sk

* % ok —————

Reduced iron (i M)

Statistical comparisons were calculated towards the baseline values (time 0): ]
*p=0,007; **p=0,009; ***p=0,004; ****p=0,02; *****p=0,007.

0 Month 2 Month 4 Month 6 Month 8 Month 10 Month 12
[1894,5+362,5] [1909,9+478,2] [2259,31£283,0] [2244,6+225,9] [2361,5+344,5] [2267,9+304,0] [2319,5+288,7]

Significant increase of biological antioxidant potential
after 12-months supplementation (Landoni, 2009)




Basic cell mechanisms of oxidative tissue damage

O

Hydroxyl radical

External agents
-

Oxidative
damage

0,

/ R,H ROOH =%

Respiration v Rli-ery. /RIS
Oxidative 748 SO @ Endothelial
damage 0 damage

Citoplasm_




The role of lipoperoxides (LPO)
in cell physiology modulation
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Potential usefulness of y-linolenic acid
in cance therapy

@ Med Sci Manit, 2007, 13(7): RA112-131 www. MEDSCIMONIT.coM
PMID: 17592036 Raviaw Articia

wme mwosw | Y-linolenic acid therapy of human glioma-a review of
e SRR i vitro, in vivo, and clinical studies

Unclurti N. Das
UKD Life Sciences, Shaker Heights, OH, LLSA.
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Summary

Hinolenic acid (GLAY induced apoprosis of tumor cells without harming nommal cells. Both o
clooxygenase (O0X) and liposygenase (L) inhibitors did not inhibit the selective mmoricidal
action of GLA in some, butnot all, tnmor cells suggesting that GLA by itselfis active, In contrast,
antroxidants such as vitamin E Blocked the tumoricidal action of GLA. GLA-reated mumor but
not normal cells produced a 2-3-fold increase in free radicals and lipid peroxides, GLA decreased
the anti-oxidant content of mmor cells, expression of oncogenes ms and Bol2, enhanced the ac-
tivity of phd. protected normal cells and tissues from the toxic actons of radiation and anti-cancer
drugs, enhanced the oytotoxdc action of anti-cancer drugs and reversed mumor cell drug resistance.
In the animal glioma model. GLA induced tumeor regression and preserved the surrounding nor-

mal brain tissue. In three opendabel clinical stdies, inra-tumoral injection of GLA induced sig-
nificant reduction of glioma without any significant side effects. The low neurotoxicity of GLA to
normal brain nenrons and selective activity against tumor cells suggests that it could be an e ffec-
tive ant-glioma molecule.

gamma-linolenic acid » glioma +» free madicals = lipid peroxidation = apoptosis + oncogenes
+ neuronal cells = polyunsaturated fatty acids = anti-cancer drugs
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Oxidative stress and cancer:
a radical approach.

A radical approach to cancer

Undurti N. Das

EFA Sciences LLC, Worwood, MA, U.SA.

key words:

Summary

Reactive oxygen species are known to be potentially dangerous, but are also needed for sig-
nal-transduction pathways. Tumor cells have relatively low amounts of superoxide dismurase
(SOD), which quenches superoxide anion (OZ°), and as a result of a higher level of aerobic
metabolism, higher concentrations of OF, compared to normal cells. But this may not be mue
of all mmor cells. Some tumor cells have relarively higher amounts of vitamin E, a porent anri-
oxidant, and a higher level of anaerabic metabolism, rc‘xulunﬁ in a balance that is tilted more
towards higher anti-oxidant capacity. In both instances of higher aerobic and anaerobic
metabolism methods designed 1o augment free radical generation in mmor cells can cause

their death. It is suggested that free radicals and lipid peroxides suppress the expression o

Bel-2, activare caspases and shorten telomere, and thus inducing apoptosis of mmaor cells
lonizing radiation, anthracyelines, bleomycin and cvtokines produce free radicals and thu
are useful as anti-cancer agents. But they also produce many side-effects. 2-methoxyoestradic
and polvunsaturated fary acids (PUFAs) inhibit SODs and cause an increase of O in wmo
cells leading to their death. In addirion, PUFAs [L\.p{_[ldl]‘- camima-linolenic acid), 2. methoxy
oestradiol and thalidomide may possess anti-angiogenic activity. This suggests thar free radi
cals can suppress angiogenesis. Limited clinical studies done with gamma-linolenic aci
showed that it can regress human brain gliomas without any \liTnlflC.lm side-effects. Thus
PUFAs, thalidomide and 2-methoxyoestradiol or their derivatives may offer a new radica
approach to the treatment of cancer.

free radicals + 2-mehtoxyestradiol » polyunsaturated « fatty acids » superoxide dismutase +
tumor cells

Full-text PDF:

http:/ fwww.MedSciM onit.com/ pub/vol_8/no_4/2474.pdf
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Peroxidative cancer: a possible
approach to cancer therapy.
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Intracellular Dissemination of Peroxidative Stress
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Pro-oxidant action of high ascorbate concentration
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Fig. 1. Propcsed mechanism of preferential formation of Asc*— and HaDs in
extracellular fluid compared with blood. After cral and parenteral administra-
tion, ascorbic acid is proposed to achieve equivalent concentrations in blood (left
side) and extracellular fluid (right side). In extracellular fluid, pharmacologic
concentrations of ascorbic acid lose one electron and form Asc*—. The electron
reduces a protein-centered metal: An example reaction is shown as reduction of
Fe?+ to Fe<+, Fel+ donates an electron to oxygen, forming active oxygen includ-
ing superoxide (037) with subsequent dismutation to HaQ: (17). In blood (left
side], it is proposed that these reactions are damped or inhibited (dashed lines).
Asc*~ appearancewill be inhibited by red bloodcell membrane-reducing proteins
(18) andfor by large plasma proteins that do not distribute to the extracellular
space. Any formed HyQ; will be immediately destroyed by plasma catalase and
red blood cell GSH peroxidase, so that no HaO: will be detectable (14-16). The
identities of the metal-centered proteins are unknown.
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Fig. 5. Pharmacologic ascorbic acid concentrations: mechanisms for selective
cell death. Pharmacologic ascorbic acid concentrations produce extracellular
Hz0; which can diffuse into cells, deplete ATPin sensitive cells, and thereby cause
cell death. ATP may be depletad by three mechanisms. () DMNA damage induced
by H:O, activates PARP. Activated PARP catabolizes NAD™, thereby depleting
substrate for MADH formation and consequent ATP synthesis. (7)) H2Oz is catab-
olized by concurrent oxidation of GSH to GSSG. To reduce G35G back to GSH, GSH
reductase utilizes MADPH, which is provided by the pentose shunt from glucose.
Glucose used to reduce NADP to NADPH cannot be used for glycalysis ar MADH
production so that ATP generation is decreased. (i) Hz0z may directly damage
mitochondria, especially ATP synthase, sothat ATP production falls. Some cancer
cells rely primarily on ghycalysis rather than on oxidative phosphorylation respi-
ration for ATP production (the Warburg effect). Compared with cxidative phos-
phorylation, ATP generation by glycolysis is inefficient. In glycolysis-dependent
cancer cells, decreased glycolysis may lower intracellular ATP. Cancer cells that are
glycolysis-dependent may be particularlysensitive to pharmacologic ascorbic acid
concentrations, compared with cells that use oxidative phosphorylation. Seetext
for additional details.




INTERNATIONAL CONFERENCE. New horizons for
the ozone therapy - Pontevedra. June 5th, 2000.
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www.oxidativestressobservatory.org
www.oxigenlab.com
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