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Introduction 

 

The ozone therapy is taking a new aspect considering  the term "hormesis" introduced in 1996 

by Goldman [1] and correctly developed by Bocci [2] and Martinez Sánchez [3]. According to 

this paradigm, the ozone activity seems to follows an "U shaped" curve being stimulatory at 

low dosages and inhibitory at high dosages. 

Despite this concept sounds very simple, the clinical practice needs some important detail in 

relation to the patients, since the definition "low dosage and high dosage" should be tailored 

considering the binomium subject/disease, particularly in term of oxidative stress (OS).  

Examples of this view have been reported in the literature in case of the treatment of patients 

suffering from PAD (peripheral arterial disease). Considering the ozone concentration range 

between 15 and 80 μg/mL [2] and based upon the clinical effects on both objective (ankle-

brachial index, healing of skin ulcers) and subjective symptoms (claudication, disappearance of 

pain) an "U shaped" curve can be derived. However, despite some evidence based clinical trials, 

still this therapy is under inquiry.  

In other common clinical sets, such as back pain secondary to herniated disc [4] and dentistry 

[5-7] (periodontics, dental or root caries) ozone therapy appears to yield positive results, that 

also are requested to be stabilized into more standardized clinical protocols. 

Many other diseases can take advantage from ozone therapy [14], that despite its 

physiological, biochemical, pharmacological and chemical background are typical of the 

ortodox medicine still is regretted.  

The first point addressed by Bocci since years [2] was "start low-go slow" that entails some 

prudence by the physicians applying this therapy.  

The main reason for this belongs to the blood ozonization. Although when performed within 

the therapeutic range, ozone causes a temporary OS condition. This aspect is important, since 

most probably some of the activity of this therapy belongs to the calibrated OS, that seems to 

"reset" the equilibrium between oxidant and antioxidant capacity, ending up with favorable 

clinical results. This effect has been defined as "oxidative preconditioning" 

The concept of "reset" is important to be considered, since the effect of ozone remains for a 

relatively long period of time, as for prostacyclin analogues used in the treatment of PAD.  

Ozone is a powerful oxidant, and once in the blood immediately reacts with both hydrophilic 

(e.g ascorbic acid, uric acid) and lipophilic (e.g Vit E) antioxidants and cause peroxidation of 

unsaturated lipids. This last reaction will lead to the formation of 4-hydroxynonenal (4-HNE) 

and H2O2 [2]. 

Despite the ozone extinction in blood will be very rapid (about 5 min), a reduction of the 

antioxidant reserve and an increase of lipid oxidation products (LPO some times reported also 

as LOPs or lipid ozonization products ) will take place. 



These last compounds are comprehensive of the large category of hydroperoxides. At the 

same time hydroperoxides derive not only from lipids, but also by oxidized DNA, sugars and 

proteins and can be identified in total as ROOH. Most of them are relatively stable compounds, 

free to circulate and can transfer the oxidation damage down to the transcription factors [9]. 

Although these events following the ozone therapy have been considered mild and relatively 

safe, their severity depends on the initial condition of the patient. In case the patient was 

already under OS with a low antioxidant reserve (AO), even a mild adjunctive oxidation 

together with a mild adjunctive shortage of the antioxidants can create problems. These 

problems will be the cause of at least two events: a) the patient may suffer of side effects, b) 

the therapy may be less effective. 

The suggestion given by experts to avoid these two main disadvantages is to measure the 

oxidative balance before the therapy, to behave accordingly in terms of ozone dosage, and to 

monitor the oxidative balance. 

 

 

 

The oxidative balance 

 

The tables 1 and 2 report same of the most common methods to measure the oxidative 

balance. 

Sometimes conflicting results are arising, due to the complexity of some methods and to the 

frequent inter-laboratory variations.  

 

Table 1. Methods to determine oxidative balance
(through oxidized markers 1)

8-OH dG Deoxyribonucleic acid 1

SPC Serum protein carbonyls 1

LHP Lipids hydroperoxides d-ROMs test 1

TBARS Thiobarbituric acid reacting substances 1

LNO2 Nitrolinoleate 1

MDA Malondialdehyde 1

4-HNE 4-hydroxynonenal 1

IsoPs F2/D2/E2 isoprostanes 1

NeuroPs F3/F4 isoprostanes 1

H2O2 Hydrogen peroxide 1

BH Breath hydrocarbons 1

 

 

In a recent analysis on healthy volunteers, four methods were compared in the same subjects 

to test their reliability and simplicity of execution [8]. The choice of the methods was based 

upon the frequency of their use in clinical trials. The following tests were compared: 

hydroperoxides (d-ROMs test), 8-Iso-PGF, carbonylated proteins in plasma, and 8-OHdG in 

urine.  

 



Table 2. Methods to determine the oxidative balance

(through spin traps 2, fluorescence 3, antioxidant capacity 4)

ONOO- Peroxynitrite 2

PTN Alpha-phenyl- N-tert- butylnitrone 2

AHS Aromatic hydroxylation of salicilate 2

TRAP Total peroxyl radical scavenging antioxidant capacity 3

TOSCA Total oxyradical scavenging capacity assay 4

SAT Soluble antioxidant test in saliva 4

UAM Uric acid metabolite allantoin 4

TEAC Trolox equivalent antioxidant capacity 4

FRAP Ferric reducing ability 4

ORAC Oxygen radical absorbance capacity 4

PAT Plasma antioxidant test 4

DPPH 1,1-diphenyl-2-picrylhydrazyl 4

TRX Thioredoxine and glutaredoxine 4
 

 

In the same subjects were measured also the antioxidant capacity in plasma, saliva and urine 

(through respectively the tests PAT [11], SAT [12],UAT). The hs-CRP (high sensitivity C Reactive 

Protein) was taken as variable of reference. All the tests were applied following the usual diet, 

after an acute supplementation of an antioxidant pool and following a week of diet poor in 

antioxidants. 

The results (Table 3) showed that all the test were capable to detect the decrease of OS 

following the antioxidant supplementation and the increase of OS during the week of diet poor 

in antioxidants (Table 3). 

 

Table 3. d-ROMs test Vs Others

Test Normal diet AO pool Low AO diet

8 am 12 am 8 am 12 am 8 am 12 am

d-ROMs

Carr.U

268 ± 23.5 290 ± 12.6 254 ± 23.0 280 ± 21.0 320 ± 26.7 360 ± 30.5

8-iso PGF2α

nmol/L

0.9 ± 0.45 0.9 ± 0.50 0.9 ± 0.56 0.9 ± 0.423 1.4 ± 0.63 1.31± 0.45

8-OHdG

nmol/L

12.3 ±7.01 14.2 ± 8.17 11.7± 6.33 10.3 ± 5.07 14.3 ± 7.88 15.3 ± 8.78

Carbonyl P

pmol/mg pr

49 ± 31.5 50 ± 38.2 43 ± 28.9 23 ±14.6 75 ± 37.3 73 ± 35.3

Hs CRP

mg/L

0.8 ± 0.51 0.8 ± 0.54 0.8 ± 0.47 0.7 ± 0.47 1.3 ± 0.75 1.3 ± 0.75

 

 

The main difference among the test was found in the % Coefficient of Variation (CV%) that 

with the d-ROMS test was far lower than with all the other tests (Table 4)  

 



Table 4. d-ROMs test Vs Other CV %
Test Normal diet AO pool Low AO diet

8 am 12 am 8 am 12 am 8 am 12 am

d-ROMs

U.CARR.

8.8 4.3 9.1 7.5 8.3 8.5

8-iso PGF2α

nmol/L

51.3 57.7 60.0 48.2 45.0 34.7

8-OHdG

nmol/L

57.0 57.5 54.1 49.2 55.1 57.4

Carbonyl P

pmol/mg pr

64.3 76.4 67.2 63.5 49.7 48.4

Hs CRP

mg/L

62.0 65.7 61.6 63.8 58.7 56.4

 

 

As far as the antioxidant reserve in terms of PAT, SAT, UAT, there was a significant increase 

(ANOVA p< 0.05) of all the values after the treatment with the antioxidant pool. During the 

diet low on antioxidants the levels were not significantly different from baseline in plasma but, 

at the opposite, both in urine and saliva a significant reduction was shown (ANOVA p<0.05). 

 

Oxidative balance of ozone in blood 

 

The two tests d-ROMs and PAT were applied in blood drawn in 6 blood donors. Subjects were 

male, non smoking ,and fasting from the night before the sampling. Blood samples of 60 mL 

were taken. Heparin (20 U/mL blood) was used as anticoagulant for the first 50 mL, whereas 

the other 10 mL were used for serum separation. Ozone delivery (O2-O3: 95-99 and 1-5 %) to 

the sample was done at concentration of 40, 60, 80 μg/mL, and it was introduced into the 

blood tubes at ratio 1:1 sample/gas. The blood tubes filled with ozone were maintained for 5 

min into a monodirectional oscillator (60 cycles/min). The common variables of blood count, 

Ht, Hb were measured. The oxidative balance was determined through dROMs test and PAT in 

samples before and after 5 min from the ozone addition. 

In table 5 are reported the main characteristics of the subjects. 

 

Table 5. General characteristics, blood count and relative common variables in 6 volunteers. 

Mean ± SD 

  

Variables 

age RC Hb Ht WC Pl PP ALB/Glob 

years 106mm3 g/dL % 103mm3 103mm3 g/dL  

36 ± 6.3 5.04 ± 0.083 15.3 ± 0.55 47.8 ± 1.33 5.31 ± 0.488 235 ± 9.5 7.1 ± 0.18 1.7 ± 0.08 

 

RC =erythrocytes; Hb=hemoglobin; Ht =haematocrit; WC =lymphocytes; Pl =platelets; PP =plasma 

proteins; 

ALB/Glob =albumin/globulin ratio 

 

 



The increase of d-ROMS and the decrease of PAT were proportional to the ozone dosage 

(Table 6). 

The percent decrease of the antioxidant reserve at 60 μg/mL was 24 %, and the oxidative 

balance at the same dosage was much more affected reaching a reduction of 39 % compared 

to the baseline value. The safest dosage of ozone in term of oxidative balance seems to be 40 

μg/mL. 

 

Table 6. Oxidative balance following different concentrations of ozone: mean values ± SD of 6 

blood donors  

 

Ozone μg/mL variables 

0 40 60 80 

d-ROMs [Carr.U.] 282 ± 16.9 321 ± 17.1 349 ± 16.5 387 ± 11.1 

PAT [Cor. U.]  2239 ± 66.4 1970 ± 60.6 1697 ± 18.0 1555 ± 40.3 

Ratio PAT/d-ROMS 7.95 6.14 4.86 4.02 

% decrease PAT  12 24 31 

% decrease ratio  23 39 49 

 

This increase of oxidation cannot be taken as a threat. After repeated session the judicious use 

of oxonated autohemotherapy was shown to reduce the OS. Following 12 months of the major 

autohemotherapy, patients suffering from macular degeneration showed an evident clinical 

improvement and also a decrease of d-ROMS test with a parallel increase of the antioxidant 

reserve [15] confirming that at long range ozone behave as an antioxidant. 

 

 

 

SAT test in dentistry 

 

A particular emphasis should be given to the SAT, that is useful to determine the antioxidant 

capacity of saliva [10,12], and can be helpful in case of ozone therapy in dentistry.  

The sampling is very simple since it can be done chewing for 1 min a cotton square of about 

250 300 mg. At the end of the chewing the cotton is squeezed into a small plastic container, 

and 10 μL only are needed to determine the antioxidant power of saliva (using a disposable kit). 

In a period of 1 min the system (MiniSAT- H&D Parma-Italy) gives the result. 

The d-ROMs test and PAT and SAT are reliable for the determination of the OS balance with 

the advantage over the other tests of a lower CV . They are easy to perform (5 min for d-ROMs 

test and 1 min for PAT and SAT) since a dedicate system (FRAS 4 Evolvo and MiniSAT -H&D 

Parma-Italy) can be used with disposable kits.  

The normal value of d-ROMs, PAT and SAT are reported in Tables 7, 8, 9. 

 

 

 

 

 

 

 



Table 7. Reference values of d-ROMs test 

 

d-ROMs values 

[Carr.U.] 

OS severity 

250-300 Normal value 

301-320 Borderline value 

321-340 Slight OS 

341-400 OS 

401-500 High OS 

>500 Very high OS* 
*Oral contraceptives are causing a very severe OS without clinically relevant diseases 

 

Table 8. Reference values of PAT test 

 

PAT values 

[Cor U] 

Antioxidant reserve 

(AO) 

<1800 Deficiency status 

1801-2000 Slight deficiency status 

2001-2200 Borderline value 

2201-2800 Normal value 

>2800 Very high value* 
*these values can be detected after antioxidants intake or following hemolysis or endothelial damage. 

 

Table 9. Reference values of SAT test 

 

SAT value 

[µmol/L Vit C] 

Antioxidant reserve 

(AO) 

<1000 Severe shortage  

1001-1500 Optimal normal value 

1501-2000 Normal value 

2001-2500 Borderline value 

>2500 Possible inflammatory 

processes on place* 
*In case the subject is under treatment with antioxidants or not in fasting condition (coffee, orange juice,etc.) 

 

Conclusions 

 

Ozone therapy is for sure an avenue in the treatment of many acute and chronic diseases. The 

knowledge of a good clinical practice for blood ozonation and application is fundamental to 

quote this therapy in the right position within the medical field. One of the tools is the 

oxidation balance monitoring to give patients the maximum benefit. 
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