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Abstract 

Systemic ozone therapy is widely used as an oxidant therapy to restore many troubles and 
diseases. It is known that ozone therapy works through a transient oxidative stress that 
relays the beneficial effects to long distance from the application site. The convenience of 
supporting patients with antioxidants during systemic ozone therapy applications is now 
under discussion. We studied the reaction of linoleate (one of the main constituents of 
cellular membranes and plasma phospholipids) with ozone in presence or absence of α-
tocopherol, in order to explore whether the combination of ozone and antioxidant has some 
effect on those ozonation products that produce the transient oxidative stress. The reaction 
was followed by Proton Nuclear Magnetic Resonance Spectroscopy (1H-NMR) using 35 
and  69 mg/L as ozone concentrations, and  50,  90, and  130 micromolar α-tocopherol 
concentrations with 0.0048 M of methyl linoleate. Ozonide (δ = 5.2 ppm) and aldehydes (δ 
= 9.63 ppm and δ = 9.74 ppm) intensities from 1H-NMR signals markedly decreased with 
α-tocopherol addition. When α-tocopherol is absent, the intensities from olefinic proton 
signals diminished with ozone concentration increment; however, with α-tocopherol in the 
mixture a smaller decrement was achieved. No detectable signals were found with the 
ozonation of α-tocopherol without methyl linoleate in the reaction mixture. These results 
suggest that α-tocopherol reacts with ozonation products from the reaction of ozone with 
methyl linoleate. This fact point out that antioxidant supplementation during systemic 
ozone  therapy (major  and  minor  autohemotherapy,  rectal  insufflation,  etc)  can  be 
detrimental in achieving the needed transient oxidative stress. 
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Introduction 

Unsaturated fatty acids are essential component of biological membranes (Stryer, 1995). Ozone reacts extremely fast with unsaturated lipid, certain amino acid residues, and many antioxidants (Uppu et al., 1995). 

The reaction of ozone with lipids occurs almost exclusively with the carbon-carbon double bonds present in unsaturated fatty acids. This reaction produces several products such as hydrogen peroxide, aldehydes, hydroxyhydroperoxides, and Criegee ozonides (Freeman et al., 1979), (Pryor et al., 1991), (Squadrito et al. 1992). These oxygenated compounds, must be placed in the list of compounds that could relay the biological effects of ozone to distal sites during ozone therapy treatment (Díaz et al., 1997). 

In the literature there is not information enough on the antioxidant effect generated by α-
tocopherol in the ozonolysis of unsaturated fatty acids. However, much research has been reported on the antioxidant activities of individual tocopherols in different lipid systems (Pryor et al., 1988, 1993), (Gottstein and Grosch, 1990), Huang et al., 1994). α-Tocopherol is the most potent antioxidant of the tocopherol. It reacts very quickly with peroxyl radicals obtained during lipid peroxidation producing an α-tocopheroxyl radical (Jore et al., 1986), (Kayden et al., 1993). 

The information on the combination between the metabolite generated by systemic ozone therapy and antioxidants is limited. In this paper the reaction in vitro of methyl linoleate as a model compound with ozone in presence or absence of α-tocopherol have been studied by Proton Nuclear Magnetic Resonance (1H-NMR) at 400 MHz in order to investigate whether the combination of ozone and antioxidant has some effect on those ozonation products that produce the transient oxidative stress. 

Materials and Methods 

General ozonation procedure 

A mixture of 0.0048 moles of pure methyl linoleate (99 %), 0,018 moles of water and different concentrations  (50,  90 and  130  µM) of α-tocopherol  was introduced into a bubbling reactor at room temperature. The reaction was continued during 7.15 minutes and two samples were taken at different reaction times. The samples were stored at -80 oC before further analysis for NMR. α-tocopherol and methyl linoleate were purchased from Sigma Chemical Co. (St. Louis, MO). 
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Generation of ozone 

Ozone was generated by passing oxygen through a Trailigaz Labo model 12-02 ozonator at a fixed voltage (80 V), a constant flow rate of 42 L/h. Resulting ozone concentration was 69 mg/L determined by an Anseros Ozomat equipment. 

Measurement of 1H-NMR spectra 

The 1H-NMR spectra were obtained with a Bruker 400 MHz Avance spectrometer with CDCl3 as solvent, tetramethylsilane (TMS) as internal reference, 5 KHz spectral width, 60-
degree pulse width (5 µs), 8 scans, and 64 kbytes of memory. It was not necessary to use and internal standard to measure the integrals of the signal areas because the methoxylic signal of the compounds can be used as reference value for the relationship of the intensity of each spectrum. 

Determinations 

Peroxide index 

The peroxide index represents the number of milli-equivalents of active oxygen that expresses the amount of peroxide contained in 1 000 g of the substance. Briefly, 5 g of sample was mixed with 30 volumes of glacial acetic, 20 volumes of chloroform and 0.5 mL of saturated potassium iodide solution. The mixture was shaked for exactly 1 minute, mixed with 30 mL of water and slowly titrated, shaking continuously, with 0.01 M sodium thiosulphate until the yellow color almost disappears. 

The peroxide index values were obtained from the expression  10v/w where v is the volume of sodium thiosulphate in mL consumed in the titration, and w is the weight in g, of substance taken (BP, 1998a). The peroxide index (PI) was expressed in units. 

Aldehydes index 

1 g of the sample was mixed with 5 mL of toluene and 15 mL of alcoholic hydroxylamine 
solution. The mixture was titrated immediately with 0.5 M potassium hydroxide in ethanol 
(60%) until the red color changes to yellow. The mixture was shaking and neutralising 
until the full yellow color was permanent in the lower layer. The reaction was completed in 
about 15 minutes. This procedure gives an approximate value for the aldehyde content of 
the oil. 

This procedure was repeated, using as color standard for the end point of the titration the titrated liquid of the first determination with the addition of 0.5 mL of 0.5 M potassium hydroxide in ethanol  (60%). The content of aldehyde was calculated from the second determination, using the equivalent given in the monograph (BP, 1998b). 
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Results and Discussion 

Figure 1 shows 1H NMR spectrum from methyl linoleate with water and α-tocopherol 50 
µM, presenting multiplet peaks between δ = 5.4 ppm and δ = 5.3 ppm which belong to 
olefinic signals from the fatty acid. Other present signals are the methoxylic protons in δ = 

3.65 ppm; δ = 2.75 ppm (triplet from methylenic groups between olefinic protons), δ = 2.28 ppm (triplet from methylenic groups in α position respect to carbonilic group), δ = 2.03 ppm (multiplet from methylenic group in both sites of olefinic protons); δ = 1.62 ppm (multiplet from methylenic group in β position respect to carbonylic group); δ = 1.29 ppm (signal from methylenic groups in fatty acid chain); and δ = 0.87 ppm (triplet from terminal methyl group). α-tocopherol signals were not observed in the spectrum. 
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Figure 1. 400 MHz 1H NMR spectrum of methyl linoleate with water and α-tocopherol 50 
µM. 

1H NMR spectrum from ozonized methyl linoleate with water and α-tocopherol 50 µM is 
displayed in figure 2. This spectrum has the same observed signals in methyl linoleate with 
α-tocopherol 50 µM (figure 1) and additionaly other signals at δ = 2.4 ppm (multiplet from 
methylenic group in α position respect to carbonilic group of aldehyde), δ = 5.2 ppm to δ = 

5.1   ppm
(multiplet   from   ozonides),  δ
=
5.55   ppm
(multiplet  from  formed

hydroxyhydroperoxide methynic protons), and δ = 9.63 ppm and δ = 9.74 ppm (triplet two from aldehydic protons). 
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Figure 2. 400 MHz 1H NMR spectrum of ozonized methyl linoleate with water and α-
tocopherol 50 µM. 

Table I show the ozone doses with their corresponding peroxidation index, aldehyde index, intensity  relationship  values  of  Criegee  ozonides,  olefinic  protons,  hydroperoxides methynic protons and aldehydes signal. 

Table I. Parameters from ozone reaction in methyl linoleate with water and α-tocopherol. 

δ1H
α-Tocopherol (µM)

(ppm)

0
50
90
130

O3D. (mg/g)
0
70.2
145.5
70.2
145.5
70.2
145.5
70.2
145.5

Groups
1H-NMR Intensity

CH2-CH=
2.03
4.2
1.7
1.6
2.6
1.6
2.8
1.6
2.8
1.6

CH2-COH
2.40
1.1
1.3
1.2
1.3
1.0
1.2
1.1
1.3

CH-Ozónidos
5.20
1.1
1.4
0.8
0.89
0.72
0.88
0.68
1.0

-CH=CH-
5.34
4.1
1.3
0.75
2.2
0.81
2.2
0.87
2.0
0.93

-CH-
5.55
0.63
1.0
0.49
0.53
0.46
0.61
0.51
0.68

Hydroxyperoxides

R-COH
9.63
0.12
0.15
0.05
0.10
0.08
0.09
0.07
0.09

P.I. (units)
1950
2890
1800
2798
1906
2790
1847
2884

A.I. (mmol)
0.85
1.4
0.65
1.04
0.90
1.43
0.80
1.30

δ1H (ppm): Chemical shift (ppm). 
O3D.: Ozone doses (mg/g). 

P.I.: Peroxide indexes (units). 

A.I.: Aldehyde indexes (mmol). 


The signal intensities from methylenic groups (δ = 2.03 ppm) and olefinic protons (δ = 

5.34 ppm) in both sites of olefinic protons decreased when ozone doses increase (from 

4.2 to 1.7 at 70.2 ozone dose and to 1.6 at 145.5 ozone dose for the methylenic groups; 
and from 4.1 to 1.3 at 7.2 ozone dose and to 0.75 at 145.5 ozone dose for the olefinic 
groups), this was an expected result (Díaz et al., 1998). However, the intensities of 
these signals were less diminished with α-tocopherol addition independent on its 
concentration (for methylenic group from 4.2 to around 2.7 at 70.2 ozone dose and to 

1.6 at 145.5 ozone dose, for olefinic protons intensities diminished from 4.1 to around 

2.1 at 70.2 ozone dose and to around 0.87 at 145.5 ozone dose). Such results suggest protective effect on methyl linoleate mediated by α-tocopherol. This effect was more powerful at ozone dose of 70.2 mg/g. The analysis of this behavior suggests that α-
tocopherol reacts with ozone in a manner that competes in a high degree for the reaction with methyl linoleate. 

Giamalva et al. reported the reaction rates of ozone with α-tocopherol and methyl 
linoleate in aqueous sodium dodecylsulphate solution (Giamalva et al., 1986). They 
found that around pH = 5.0 the reaction rate for α-tocopherol is 1.1 ± 0.5 x 10-5 M-1. 
S-1 and for methyl linoleate is 11.0 ± 1.7 x 10-5 M-1.S-1. Thus, from the kinetical point 
of  view  the  reaction  with  methyl  linoleate  is  only 1  fold  quicker  than  with  α-

tocopherol. On the other hand, the standard one-electron reduction potentials of the three substances involved are: ozone 1 800 E0’/mV, methyl linoleate 600 E0’/mV, and α-tocopherol 500 E0’/mV (Buettner, 1993). The reduction potentials are of interest for predicting thermodynamically the course of reaction processes; and from these values we can see that the reaction of ozone with methyl linoleate is slightly more feasible than with α-tocopherol. These data and our above results indicate that, in a reaction of polyunsaturated fatty acids and ozone the presence of α-tocopherol will produce a significant amount of α-tocopheroxyl radical, limiting the production and accelerating the consumption of oxy-compound. 

The above statement is additionally supported by the results showed in table I from 
NMR  intensities  of  the  reaction  products  such  as  aldehydes,  ozonides  and 
hydroxyhydroperoxides. The signal from the methylenic group of aldehydes (δ = 2.40 
ppm) shows no increase in their intensity at both ozone doses: all intensities without or 
with α-tocopherol were around 1.1 for the ozone dose of 70.2, and around 1.3 at 145.5 
ozone dose. However, the intensity from aldehydic proton signals at δ = 99.63 ppm 
exhibited a decrement with α-tocopherol supplementation for both ozone doses: at the 
first ozone dose from intensity of 0.12 to an average of 0.7, and in the second ozone 
dose from 0.15 to an average of 0.9. The signal intensities from the multiplet from 
ozonides (δ = 5.1 to δ = 5.2 ppm) at 70.2 ozone dose decrease gradually with the 
addition of α-tocopherol from 1.1 to 0.68 at the highest α-tocopherol concentration; at 
145.5 ozone dose the reduction was from 1.4 to around 0.89 in all concentration of α-
tocopherol. The methynic group from hydroxyperoxides (δ = 5.55 ppm) showed that in 
the first ozone dose the signal intensities diminished from 0.63 to an average of 0.49 
with α-tocopherol addition; and in the second ozone dose the decay was from 1.0 to an 
average of 0.61. 


Another complementary data showing that the reaction products were limited during the reaction when α-tocopherol was present are those from the peroxide and aldehyde indexes. Both indexes had a slight decrease in both ozone doses with the different α-
tocopherol additions. 

In this study by proton nuclear magnetic resonance spectroscopy we have proved α-
tocopherol provokes a reduction in oxygenated products from the reaction of ozone 
with polyunsaturated fatty acids. The product from the reaction of ozone with α-
tocopherol in aqueous medium have been detected to be the α-tocopheroxyl radical 
using electron spin resonance spectroscopy (Giamalva et al., 1986). The reaction of 
ozonides  and  hydroxyhydroperoxides  with  α-tocopherol  also  produces  the  α-
tocopheroxy radical. This radical is more stable than the peroxyl radical ozonides and 
aldehydes  formed  from  the  reaction  of  ozone  and  polyunsaturated  fatty  acids 
(Giamalva et al., 1986). 

Therefore  taking  into  account  that  systemic  ozone  therapy 
(mayor  or  minor 

autohemotherapys, rectal insufflation, etc) need induce a transient oxidative stress, 
from  the  production  of  a  controlled  amount  of  oxy-compounds (Bocci, 1996), 

(Viebahn-Haensler, 1999), we recommend avoid the use of α-tocopherol because can limit the usefulness of this therapy. 
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