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INTRODUCTION 

One hundred and eighty years after discovery, 
despite initial suspicions due to its known oxidizing 
power (1), ozone (O3) is employed today in medical field 
in some therapies for acute and chronic ailments (2-6). 
One of these treatments is the autohemotherapy (O3-
AHT) where the patient's blood is treated with an 
ozone/oxygen mixture (O3/O2) in order to obtain, after 
reinfusion, an hormetic effect when a mild oxidative 
stress stimulates and empowers a physiological counter-
regulatory antioxidant response (7). The customization 
of the ratio between O3/O2 and the amount of blood, 
according the concept of “up-dosing system” (start slow, 

go slow) (3), remains nevertheless a crucial aspect that 
requires careful medical control (6).  

The reported beneficial effects of O3-AHT span from 
immunoregulatory and anti-inflammatory properties to 
antioxidant activity, antimicrobial effect, analgesic and 
vasodilatatory roles, blood flow and oxygenation 
promotion, modulation of regenerative processes and 
epigenetic modifications (8-9). The hormetic action of O3, 
also indicated as “oxidative preconditioning” (10), arises 
from a functional cross-talk where  several biochemical 
pathways  and modulators as the (erythroid-derived 2)-
like 2 nuclear factor (Nrf2) (11), the nuclear factor kB 
(NFkB) (12) and signalling molecules as 4-
hydroxynonenal (4-HNE) interact (13).  
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ABSTRACT 

Background: the ozone autohemotherapy (O3-AHT) is an alternative medical practice where an aliquot of patient's 
blood is treated with an ozone-oxygen mixture (O3/O2), and reinfused to induce an hormetic effect, that is to obtain a 
mild oxidative stress that empowers the antioxidant response and improves the oxidative balance. The customization 
of the ratio O3/O2 and the amount of blood is a crucial aspect of this therapy. The measure of some biomarkers of 
oxidative balance may be useful to calibrate the treatment and avoid damages. 
Methods: O3-AHT was performed on 9 volunteers healthy subjects, treating 150 g of blood with 30 μg/mL O3/mL O2/g. 
Aliquots of blood and urine were collected before therapy (t0), and 4, 8, 24 and 48 hours (t4-t48) after reinfusion to 
measure the derivates of reactive oxygen metabolites (dROMs), the biological antioxidant potential (BAP), the single 
components of antioxidant barrier coenzyme Q10, and glutathione in both total (GSH+GSSG) and reduced (GSH) 
forms, the oxidative biomarkers homocysteine (Hcy), 8-hydroxy-deoxyguanosine (8-OHdG) and 2-deoxyguanosine 
(2-dG) and the nitrative biomarker 3-nitrotyrosine (3-NT). 
Results: within the first 4-8 hours after O3-AHT, as dROMs increased, the median of GSH had an initial considerable 
decrease (-20% at t8 versus t0) followed by a final net increase (+12% at t48). In a similar way, 3-NT had an initial 
decrease (-19% at t4) followed by a remarkable increase at t8 and t24 (+28% and +57% respectively) and a 
subsequent important decrease at t48 (-44%), which led to final nitration levels lower than the one observed at t0. 
Conclusions: When used in correct concentrations, O3 induces a moderate oxidative stress which initially consumes 
antioxidant species and produces nitrative damages. Within 24-48 hours however, the beginning of a virtuous 
counter-regulatory response that increases the reducing power (particularly GSH levels) and decreases molecular 
damages, improving the redox balance, can be observed. Serial measurements of GSH and 3-NT, allow to monitor 
that the induced oxidative stress causes only moderate and transient damages, and help the physician to choose the 
more effective O3 therapeutic concentrations. 
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Since the therapeutic success of O3-AHT depends on 
the modulation of these metabolic pathways, it is of great 
interest to evaluate the biochemical modifications in vivo, 
together with the clinical effects, in order to verify that the 
inflammatory pathway mediated by NFkB does not 
prevail over the antioxidant response activated by Nrf2. 
For this purpose, we have proposed the measurement of 
some relevant biomarkers (14-15), in order to describe 
their reciprocal variations and the interactions between 
the biochemical processes involved during the first 48 
hours after therapy. The analysis of the oxidative 
damage markers, particularly, may be useful in choosing 
the most appropriate O3 concentrations to obtain the 
desired results, avoiding the appearance of permanent 
oxidative alterations. 

 
METHODS 
Subjects 

Nine volunteers healthy subjects, 4 male and 5 
females, aged between 60 and 68 were enrolled for this 
study. Their health status was confirmed by previous 
clinical-anamnestic visits and measurements of routine 
biochemical tests. Although they were subjects that in 
the past years have underwent occasional O3-AHT, they 
subscribed before the therapy, an informed consent for 
personal data treatment, in accordance with the General 
Data Protection Regulation (GDPR). The study was 
carried out in accordance with the Code of Ethics of the 
World Medical Association (Declaration of Helsinki) for 
experiments involving humans (16).  

 
Autohemotherapy protocol  

150 g of blood have been drawn, treated with O3 and 
subsequently reinfused in a fast procedure according to 
the 2015 Recommendations of the International 
Scientific Committee of Ozone Therapy (ISCO3) (17). 
The blood was flowed directly into a certified bag. 
Without detaching the sampling needle from the subject, 
a special device introduced a gaseous mixture of oxygen 
and ozone into the bag and mixed it with the blood. The 
tourniquet was then removed from the arm, the bag was 
lifted and blood flowed back into the patient. The O3 
generator was a HAB Medozon Compact, Herrmann 
(Elsenfeld, Germany). The treatment was performed with 
a concentration of 30 μg O3/mL O2/g, and each blood 
reinfusion has been completed in 7-10 minutes. 

 
Biological samples  

Blood samples were collected before (t0) and 48 
hours (t48) after O3-AHT, in vacuum sealed tubes with 
EDTA, sodium citrate or without anticoagulant, as 
required by each analytical method. After sampling, the 
tubes were immediately centrifuged at 3 500 rpm for 10 
minutes at 4 °C and plasma and serum samples were 
frozen at -80 °C, until analysis. Spot urines aliquots were 
also collected at both times and frozen. The blood 
collections were repeated at 4, 8, and 24 hours (t4, t8 
and t24) after reinfusion. 

Laboratory tests  
At t0 and t48, a complete panel of oxidative 

biomarkers was performed. The oxidative balance was 
evaluated through the serum measurements of derivates 
of reactive oxygen metabolites (dROMs) and total 
biological antioxidant potential (BAP). Moreover, EDTA 
whole blood total (GSH+GSSG) and reduced (GSH) 
glutathione and plasma coenzyme Q10 were analysed 
as specific components of the antioxidant endogenous 
barrier. To feature the oxidative distress plasma 3-
nitrotyrosine (3-NT), as marker of irreversible nitration on 
proteins, and urinary 8-hydroxy-deoxyguanosine (8-
OHdG) and 2-deoxyguanosine (2-dG), as marker of 
oxidative damage on nucleobases (18) were measured. 
These latter analytes were expressed both as creatinine 
ratio (8-OHdG/creatinine, 2-dG/creatinine), and as their 
ratio (8-OHdG/2-dG). Plasmatic homocysteine (Hcy) 
was also measured as independent marker of 
cardiovascular risk, partially related to the free radicals 
increases (19). The redox balance (Index) was 
calculated by an experimental algorithm that relates the 
values of the d-ROMs and BAP between them and with 
their respective cut-off:  

 
(BAP/BAPcut-off)/(d-ROMScut-off/d-ROMs).  

 
The amount of the blood reductive environment was 

expressed as the percentage of reduced versus total 
glutathione (GSH%). At the intermediate times t4, t8, and 
t24, the measurements of GSH+GSSG, GSH, GSH%, 3-
NT, BAP, dROMs and Index were also performed.   

Glutathione and Hcy were analyzed by high 
performance liquid chromatography and fluorometric 
detection (HPLC-FL). Q10 and 3-NT by ultraviolet 
detection (HPLC-UV), using commercial kits from 
Eureka Lab Division (Chiaravalle, Italy). The markers of 
oxidative damage on nucleobases, 8-OHdG and 2-dG 
were measured in urines with a HPLC method and 
electrochemical detection, as previously reported (20). 

The Gilson HPLC system, controlled by Unipoint 
software, consisted of two pumps (models 306 and 307), 
and a 234 autosampler; the columns and the mobile 
phases are those provided with the kits. The detections 
were performed with 875 UV photometer, 1 520 
fluorometer Jasco and with electrochemical detector 
Coulochem II ESA, fitted with a model 5011 high-
sensitivity cell. 

The oxidizing capacity of plasma, expressed as total 
content of peroxides (dROMs), and the biological 
antioxidant potential (BAP), expressed as total content of 
antioxidant species, were determined with two 
colorimetric end-point assays from Diacron (Grosseto, 
Italy) and a microplates ELX-800 spectrophotometer 
(Biohit). Urine creatinine was measured on AU-5800 
Beckman Coulter analyzer. 

 
Statistics  

For each parameter, mean, standard deviation, 
median and interquartile range (IQR) were calculated; 
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due to the asymmetry in the distribution of some 
parameters, the data used for discussion were median 
and IQR only. As this was a study without control group, 
all the data were evaluated both considering the 
longitudinal trend of the median percentage deviations 
compared to t0, and comparing the data obtained for 
each subject at different times with Friedman's non-
parametric test for repeated measurements as well. The 
processing was performed with STATA program (version 
13.1) and the significant threshold was fixed at 5% (p-
value <0.05). The deviations of medians from the 
baselines were also evaluated  comparing them with the 
critical delta values (CDVs), calculated from biological 
and analytical variabilities of each  biomarker, as 
previously reported (15,21). 

RESULTS 

At basal conditions (t0), the medians of dROMs were 
above the upper limit of reference range (ULRR), while 
those of the antioxidant barrier biomarkers Q10 and BAP 
were close to the limits of the lower reference range 
(LLRR) (Figure 1). Consequently, the calculated Index 
was <1 (the reference value has been settled to 1), 
showing a redox imbalance of medium grade (Table 1). 
Total and reduced glutathione, on the contrary, were well 
represented with median values fully in the range. The 
oxidative biomarkers Hcy, 3-NT, 8OHdG and 2dG were 
also at normal levels. 

After 48 hours from O3-AHT, the median of 
GSH+GSSG compared to the baseline was almost 

Figure 1 
Levels of oxidative biomarkers at t0 and t48: each parameter is reported as median of the relative concentration ± IQR. Since the 
pathophysiological significance is different for each analyte, in the panel A the black line represents the lower limit (LLRR), and in B 
the upper limit of reference range (ULRR). 
IQR, interquartile range; GSH, reduced glutathione; GSH+GSSG, total glutathione; BAP, biological antioxidant potential; dROMs, 
derivates of reactive oxygen metabolites; Q10, coenzyme Q10; Hcy, homocysteine; 3-NT, 3-nitrothyrosine; 8OHdG, 8-hydroxy-
deoxyguanosine; 2dG, 2-deoxyguanosine

Before O3-AHT (t0) After O3-AHT (t48)

mean SD median IQR mean SD median IQR p value

GSH+GSSG (umol/L) 
GSH (umol/L) 
GSH% 
BAP (umol/L) 
dROMs (U carr) 
Index 
Q10 (ug/L) 
Hcy (umol/L) 
3-NT (ug/L) 
8OHdG (ug/g creatinine) 
2dG (ug/g creatinine) 
8OHdG/2dG (ng/ug) 

1207 
977 
81 
2205 
398 
0,77 
365 
11,8 
30 
3 
91 
43 

164 
176 
9 
288 
80 
0,13 
153 
4,7 
24 
2 
126 
20 

1229 
950 
81 
2145 
388 
0,80 
375 
10,9 
20 
1 
55 
49 

161 
215 
13 
252 
120 
0,15 
175 
4,9 
43 
3 
51 
16 

1201 
1013 
85 
2121 
383 
0,77 
355 
12,3 
20 
3 
79 
50 

149 
169 
14 
219 
70 
0,13 
185 
5 
14 
3 
84 
41 

1222 
1061 
87 
2041 
372 
0,78 
306 
10,3 
11 
1 
40 
49 

128 
238 
15 
352 
104 
0,13 
279 
3,7 
25 
5 
91 
14 

0.017* 
0.004* 
0.033* 
0.048* 
0.048* 
0.249 
0.706 
0.789 
0.001* 
1.000 
0.683 
0.414 

Table 1 
Descriptive statistics of the parameters measured before (t0) and after (t48) ozone autohemotherapy (O3-AHT); for each analyte the 
p values obtained by comparison between times with Friedman test are reported: * indicates the significant values (p<0.05) 

SD, standard deviation; IQR, interquartile range; GSH, reduced glutathione; GSH+GSSG, total glutathione; BAP, biological antioxidant 
potential; dROMs, derivates of reactive oxygen metabolites; Index, redox balance; Q10, coenzyme Q10; Hcy, homocysteine; 3-NT, 
3-nitrothyrosine; 8OHdG, 8-hydroxy-deoxyguanosine; 2dG, 2-deoxyguanosine.
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unchanged (-1%), the Q10 median showed a decrease 
(-19%) while those of GSH and GSH% were increased 
(+12%, +7%, respectively). Since both BAP and dROMs 
were simultaneously decreased (-5% and -4%), the 
Index was only slightly decreased (-2%). 

Among oxidative biomarkers, Hcy, 3-NT and 2-dG 
were decreased at t48 (-6%, -44% and -27% 
respectively), 8OHdG was slightly increased (+13%), 
while 8OHdG/2dG ratio was unchanged. None of the 
variations observed between t0 and t48 were higher than 
the critical delta value (CDV) calculated for each 
parameter (Figure 2). 

The measurements performed from t4 to t24 showed 
that both GSH+GSSG and GSH were decreased in the 
first hours, followed by a subsequent recovery that 
resulted in the net increase in GSH observed at t48. This 
trend was highlighted by the changes of GSH%: -3% and 
-17% at the early times t4 and t8; -4% at t24 and +7% at 
t48 (Figure 2). On the contrary, both BAP and dROMS 
had an initial tendency to increase at the intermediate 
times, but nevertheless the calculated Index, initially 
increased, declined at t48 with a return almost to the 
baseline (-2%). At the same times, the median of 3-NT 
showed a large variation: an initial decrease (-19%) was 
followed by a remarkable increase (+28% and +57% at 
t8 and t24) and a subsequent  important decrease at t48 
(-44%), which led to final nitration levels lower than 
baseline. All the variations of the measurements of 
glutathione, BAP, dROMs and 3-NT through the five time 
points were statistically significant (Table 1). 

 
DISCUSSION 

It is well known that O3 dissolve rapidly in the 
aqueous component of plasma and react both with 
polyunsaturated fatty acids and water, producing 
peroxides and finally derivatives such 4-HNE and 

reactive oxygen species (ROS). Therefore, O3 treatment 
may causes pro-oxidant, pro-inflammatory and pro-
apoptotic effects on blood and endothelial cells (12). 
Instead, provided that the O3 concentration chosen for 
the therapy is optimal, the mild oxidative-inflammatory 
stress induced by activation of the transcription factor 
NfKB, turns on a counter-regulatory antioxidant 
response. The cytoplasmatic factor Nrf2 dissociates from 
its inhibitor Keap-1, moves into the nucleus and 
promotes the transcription of the so-called antioxidant 
response elements (ARE), enzymes such superoxide 
dismutase, catalase, glutathione peroxidase, and heme 
oxygenase-1 (HO-1) that are radical scavenger and 
contrast the transient oxidative stress caused by O3. In 
particular, HO-1 acts by degradating heme in iron, 
carbon monoxide (CO) and biliverdin, (a precursor of 
bilirubin); CO then plays an inhibiting role within the 
inflammation pathway started by NFkB, while bilirubin 
has a direct role as lipophilic antioxidant of biological 
barrier.  

Previous studies have already shown that O3-AHT 
may reduce lipid and protein oxidation markers, 
decrease lipofuscin deposition and restore GSH levels 
(10); timed measurements of these analytes after 
treatment were however rarely done (4), preventing thus 
the description of the respective dynamics. 

Our study could demonstrate that, in the 8 hours 
following O3-AHT, an initial decrease in both total and 
reduced forms of glutathione occurs; it can be postulated 
that this was a consequence of a consumption of GSH 
acting as scavenger towards the ROS formed in the 
early stages of treatment. Actually, the total peroxydes 
dROMs showed an increase, both at t4 and t8. The 
subsequent progressive rise of GSH+GSSG 
concentrations at t24, with a complete restore at t48, 
indicate that, after the initial loss, there was probably an 
activation of glutathione neo-synthesis but, above all, an 

Figure 2 
Trends of the redox balance, antioxidant barrier and nitrative damage biomarkers at times t4 to t48; for each parameter, the variations 
are reported as percentage of the medians versus t0. The black line represents the respective calculated critical delta value (CDV) 
GSH, reduced glutathione; GSH+GSSG, total glutathione; GSH%, reduced versus total glutathione percentage; BAP, biological 
antioxidant potential; dROMs, derivates of reactive oxygen metabolites; Index, redox balance; 3-NT, 3-nitrothyrosine.
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improvement of the reducing environment highlighted by 
the final levels of GSH and GSH%. On the other hand, 
we observed a parallel decrease of dROMs already at 
t24 and a subsequent decrease at final values lower than 
those observed at t0. 

Despite the initial increase of dROMs, the antioxidant 
barrier BAP at t24 was persistently higher than the initial 
one: this increase may be partly attributed to the action 
of HO-1 that, activated by O3, degraded the heme and 
produced bilirubin which, together with uric acid and 
other reducing species, composes the total antioxidant 
barrier. After 48 hours, the initial enhancement of BAP 
was however exhausted, due to the probable 
consumption of antioxidant species in the non-enzymatic 
contrast of ROS, as confirmed also by the decrease of 
Q10. 

Among the biomarkers of oxidative damage 
measured, Hcy showed no variation between t0 and t48.  
The basal values of 8OHdG and 2dG observed in our 
population were close to the LLRR, and showed the 
same pattern; specific comments are consequently not 
possible. Otherwise, the variations of the nitration 
marker 3-NT over times are rather interesting. It should 
be first remembered that 3-NT is considered a redox 
imbalance marker since the nitration of tyrosine follows 
the reaction between nitrogen monoxide (NO) with the 
free radical superoxide anion (●-O2). By exceeding the 
physiological levels, NO and ●-O2, form peroxynitrite, a 
non radical oxygen species with cytotoxic action. It is 
also known that NO acts physiologically as second 
messenger in numerous signalling pathways, many of 
these in the  bloodstream, involving the cardiovascular 
system. By activating guanylyl-cyclase, NO induces the 
conversion of guanosine-5’-triphosphate (GTP) to cyclic 
guanosine-monophosphate (cGMP) (22) and controls 
vascular smooth muscle tone, inhibition of platelet 
aggregation, adhesion of leukocytes to the endothelium 
(23), cardiac reserve and hearth function (24). 

The synthesis of NO by conversion of arginine to 
citrulline is catalyzed by specific synthases, two 
physiologically active, neuronal (nNOS) and endothelial 
(eNOS), and one inducible isoform (iNOS) (22). 
Because, among its multiple effects, O3 is a powerful 
activator of iNOS, O3-AHT may increase the NO 
production improving the blood perfusion of tissue. At 
same time, the tissues oxygenation is also increased, as 
O3 activates the erythrocyte glycolysis, increases the 
synthesis of 2,3 diphosphoglycerate and promotes the 
release of O2 from hemoglobin. However, an excessive 
up-regulation of iNOS, that may occur in consequence of 
stimuli like the release of inflammatory cytokines and 
consequent production of ROS such ●-O2, can cause 
increases of NO concentrations beyond physiological 
levels with formation of peroxynitrite and consequent 
rising of 3-NT (24).  

Our data show that after O3-AHT, 3-NT initially 
decreases at t4, and then sharply increases at t8 and t24 
(Figure 2). While the increments of 3-NT at t8 and t24 
may be attributed to the O3 activation of iNOS, it can be 

assumed that the initial decrease was caused by an 
inhibition of one NO synthase, and/or by a scavenging 
action on NO. It has been previously shown, that bilirubin 
produced by action of HO-1 activated by O3, acts both as 
antioxidant, direct NO scavenger (25) and inhibitor of 
nNOS (26). It can be postulated that this inhibition could 
be carried out even towards eNOS. Unfortunately, the 
sole analysis of plasma 3-NT cannot distinguish the 
origin of NO and previously reported data were not 
univocal in this regard. Indeed, in consequence of stimuli 
that induce iNOS, some studies in vitro showed a 
contemporary decrease of eNOS (23,27), and some 
others an increase (4,28). Anyhow, it is interesting to 
underline that the measurements of 3-NT allowed us to 
monitor the up-regulation of iNOS between t8 and t24 
and to demonstrate, thanks to the therapeutic 
concentration of O3 employed, that the nitration level did 
not exceed ULRR (Figure 1). The benefits obtained with 
the O3-AHT have been clearly showed at t48 by the 
overall decrease of nitrative damage that, together with 
the rise of the reducing power of GSH, allowed to 
highlight the substantial success of the therapy in 
improving the redox balance in bloodstream.  

CONCLUSIONS 

When O3 is administered in appropriate 
concentrations, it induces within a few hours a transient 
oxidative unbalance in which ROS increases, reducing 
equivalents are consumed and moderate nitrative 
damages appear. Immediately after, within 24-48 hours, 
the cross-talk between the metabolic pathways activated 
by the same ROS, starts a virtuous counter-regulatory 
response that increases the reducing power, decreases 
oxidative damage, and improves the initial redox 
conditions of patients. 

Even within the limits due to the sample size, our 
data show that the measurement of an adequate panel 
of oxidative biomarkers, in close temporal succession, 
allows to follow step by step the reversibility of the 
induced oxidative stress. In particular, the 
measurements of GSH and 3-NT can be proposed as an 
aid for the physician to customize the therapy and 
choose the more effective concentrations of O3 for the 
treatment. 

CONFLICT OF INTEREST 

None. 

REFERENCE  

1.      Pryor WA. Mechanisms of radical formation from reactions 
of ozone with target molecules in the lung. Free Radic Biol 
Med 1994;17:451-65.  

2.      Bocci V. Ozone as a bioregulator. Pharmacology and 
toxicology of ozonetherapy today. J Biol Regul Homeost 
Agents 1996;10:31-53.  

3.      Bocci V, Valacchi G, Corradeschi F, et al. Studies on the 
biological effects of ozone: 8. effects on the total 

42-20 Bolner_esempio  23/11/2020  11:24  Pagina 378



SCIENTIFIC PAPERS CONTRIBUTI SCIENTIFICI

antioxidant status and on interleukin-8 production. 
Mediators Inflamm 1998;7:313-17.  

4.      Valacchi G, Bocci V. Studies on the biological effects of 
ozone: 11. Release of factors from human endothelial 
cells. Mediators Inflamm 2000;9:271-6.   

5.      Bocci V, Borrelli E, Travagli V, et al. The ozone paradox: 
ozone is a strong oxidant as well as a medical drug. Med 
Res Rev 2009;29:646-82.  

6.      Clavo B, Rodriguez-Esparragon F, Rodriguez-Abreu D, et 
al. Modulation of oxidative stress by ozone therapy in the 
prevention and treatment of chemotherapy-induced 
toxicity: review and prospects. Antioxidants (Basel) 
2019;8:588. 

7.      Di Mauro R, Cantarella G, Bernardini R, et al. The 
biochemical and pharmacological properties of ozone: the 
smell of protection in acute and chronic diseases. Int J Mol 
Sci 2019;20:634. 

8.      Travagli V, Zanardi I, Bernini P, et al. Effects of ozone 
blood treatment on the metabolite profile of human blood. 
Int J Toxicol 2010;29:165–74. 

9.      Zeng J, Lu J. Mechanisms of action involved in ozone-
therapy in skin diseases. Int Immunopharmacol 
2018;56:235-41. 

10.    Smith NL, Wilson AL, Gandhi J, et al. Ozone therapy: an 
overview of pharmacodynamics, current research, and 
clinical utility. Med Gas Res 2017;7:212-19. 

11.    Galiè M, Covi V, Tabaracci G, et al. The role of Nrf2 in the 
antioxidant cellular response to medical ozone exposure. 
Int J Mol Sci 2019;20:4009. 

12.    Scassellati C, Ciani M, Galoforo AC, et al. Molecular 
mechanisms in cognitive fraility: potential therapeutic 
targets for oxygen-ozone treatment. Mech Ageing Dev 
2020;186:111210. 

13.    Chapple SJ, Cheng X, Mann GE. Effects of 4-
hydroxynonenal on vascular endothelial and smooth 
muscle cell redox signaling and function in health and 
disease. Redox Biol  2013;1:319-31. 

14.    Bolner A, Micciolo R, Bosello O, et al. A panel of oxidative 
stress markers in Parkinson's disease. Clin Lab 
2016;62:105-12. 

15.    Bolner A, Berizzi C, Benedetto S, et al. Marked differences 
in redox status of professional soccer players depending 
on training types. AJRMS 2016;6:8-20. 
http://www.ajrms.com/?mno=48465 (last access: april 
2020). 

16.    Code of Ethics of the World Medical Association 
(Declaration of Helsinki) for experiments involving 
humans. http://www.healthscience.net/resources/ 
declaration-of-helsinki/ (last access: april 2020).   

17.    Madrid declaration on ozone therapy. International 
Scientific Committee of Ozone Therapy (ISCO3). 
https://isco3.org/wp-content/uploads/2015/09/Update-
May-2015-for-ISCO3.pdf (last access: april 2020).   

18.    Bolner A, Pilleri M, Bosello O, et al. Oxidative damage on 
nucleobases and Hoehn-Yahr stage in Parkinson's 
disease. AJRMS 2018;3:36-47. 
https://www.ajrms.com/?mno=297974 (last access: april 
2020).   

19.    Ientile R, Curro M, Ferlazzo N, et al. Homocysteine, 
vitamin determinants and neurological diseases. Front 
Biosci 2010;2:359-72. 

20.    Bolner A, Pilleri M, De Riva V, et al. Plasmatic and urinary 
HPLC-ED determination of the ratio 8-OHdG/2-dG in 
Parkinson's disease. Clin Lab 2011;57:859-66. 

21.    Fraser CG. Reference change values. Clin Chem Lab 
Med 2011;50:807-12. 

22.    Kalyanaraman B. Teaching the basics of redox biology to 
medical and graduate students: oxidants, antioxidants and 
disease mechanisms. Redox Biol 2013;1:244-57. 

23.    Albrecht EW, Stageman CA, Tiebosch AT, et al. 
Expression of inducible and endothelial nitric oxide 
synthases, formation of peroxynitrite and reactive oxygen 
species in human chronic renal transplant failure. Am J 
Transplant 2002;2:448-53. 

24.    Liu YH, Carretero OA, Cingolani OH, et al. Role of 
inducible nitric oxide synthase in cardiac function and 
remodeling in mice with heart failure due to myocardial 
infarction. Am J Physiol Heart Circ Physiol 
2005;289:H2616-23. 

25.    Barone E, Trombino S, Cassano R, et al. Characterization 
of the S-denitrosylating activity of bilirubin. J Cell Mol Med 
2009;13:2365-75. 

26.    Mancuso C, Capone C, Ranieri SC, et al. Bilirubin as an 
endogenous modulator of neurotrophin redox signaling. J 
Neurosci Res 2008;86:2235-49. 

27.    Wartenberg M, Schallenberg M, Hescheler J, et al. 
Reactive oxygen species-mediated regulation of eNOS 
and iNOS expression in multicellular prostate tumor 
spheroids. Int J Cancer 2003;104:274-82. 

28.    Zhang YQ, Ding N, Zeng YF, et al. New progress in roles 
of nitric oxide during hepatic ischemia reperfusion injury. 
World J Gastroenterol 2017;23:2505-10. 

biochimica clinica, 2020, vol. 44, n. 4          379

42-20 Bolner_esempio  23/11/2020  11:24  Pagina 379




