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( Abstract 

Ozone has unique biological properties that are applied in various medical 

fields. Ozone therapy is widely used to treat a number of medical conditions 

and although it has yielded very promising beneficial results, there are still 

skepticism and questions regarding its safety and effectiveness. To shed 

some light on these issues, we determined the effect of 03-AHT using an 

02/03 gas mixture containing 20 and 40 pglml O3 on the antioxidant status 

and DNA integrity in baboons. We used six healthy baboons and treated 

them with both concentrations approximately a month apart. The baboons 

were anesthetized with intramuscular ketamin hydrochloride (+lOmg/kg) to 

enable handling and blood sample collection. Five percent blood of a baboon 

was collected and exposed to ozone ex vivo for 20 min. Thereafter it was 

reinfused into the animals. Blood samples were taken before treatment and 

again after 4, 24 and 48 hours following reinfusion of the ozonated blood. I 

measured the ORAC, FRAP, GSHt and the SOD activity to asses the 

antioxidant status. DNA damage and repair was determined using single cell 

gel electrophoreses (comet assay) on lymphocytes. There was a slightly 

negative effect on the antioxidant status after 03-AHT, but the body was able 

to restore it to pretreatment levels. The DNA integrity was minimally affected 

by 03-AHT. There was no increase in DNA damage following 03-AHT with 40 

pglml. A significant increase in DNA damage occurred 24 hours following 0 3 -  

AHT with 20 pglml. This increase can possibly be due to an accumulative 

effect of the ketamin and not due to 03-AHT. The DNA repair capacity was 

slightly decreased after ozone therapy but the decrease was not significant. 

From our results it is clear that 03-AHT had no adverse affect on the 

antioxidant status of the baboons and the DNA integrity of their lymphocytes. 

The results also indicate that 40 pglml O3 is a safe concentration to use for 

03-AHT since its effects are similar to that of a 02103 gas mixture containing 

80 pglml 0 3 .  



/ Opsomming 

Osoon het unieke biologiese eienskappe wat in verskeie mediese velde 

aangewend kan word. Osoonterapie word gebruik om 'n verskeidenheid siekte 

toestande te behandel en alhoewel dit al baie belowende resultate gelewer 

het, is daar steeds kommer oor die veiligheid en effektiwiteit daarvan. Om 

meer lig op die ondewerp te werp het ek die effek van 03-AHT met 'n O21O3 

gasmengsel wat 20 en 40 pglml O3 bevat het op die anti-oksidant status en 

DNA integriteit in bobbejane ondersoek. Ses gesonde bobbejane is gebruik 

en al die diere is met beide osoon konsentrasies behandel ongeveer 'n maand 

uitmekaar. Die bobbejane is verdoof met intramuskul6re ketamien 

hidrochloried (+ 10 mglkg) om die hantering en monster versameling moontlik 

te maak. Vyf persent van die totale bloed volume van 'n bobbejaan is getrek 

en ex vivo behandel met die 02/03 gasmengsel. Daarna is dit die diere terug 

gespuit. Bloedmonsters is voor behandeling en weer na 4, 24 en 48 uur na 

behandeling versamel. Die anti-oksidant status is bepaal deur die ORAC, 

FRAP en GSHt te meet. Ons het ook die SOD-aktiwiteit gemeet. Die 

komeetanalise is gebruik om die DNA skade en herstel in limfosiete te meet. 

03-AHT het 'n negatiewe effek op die anti-oksidant status gehad, maar dit is 

na normaal waardes herstel na 24 uur. Die DNA integriteit was minimaal 

be'invloed. Daar was geen toename in DNA skade na 03-AHT met 40 pglml 

0 3 .  Die betekenisvolle toename in DNA skade 24 uur na 03-AHT met 20 

pglml kan moontlik a.g.v. 'n kumulatiewe effek van die ketamien wees en nie 

a.g.v. 03-AHT nie. Die DNA herstelkapasiteit het afgeneem maar die afname 

was statisties nie onbetekenisvol nie. Die resultate dui daarop dat 03-AHT 

geen ernstige negatiewe effekte op die anti-oksidant status en DNA integriteit 

van die bobbejane gehad het nie. Ek kan ook aflei dat 40 pglml O3 In veilige 

konsentrasie is vir 03-AHT aangesien die effekte baie dieselfde was as met 

die gasmengsel wat 80 ~ g l m l  O3 bevat het. 
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1 Introduction I 
I. Background 

The first ozone generators were developed in 1857 and the first report on 

ozone being used therapeutically to purify blood was published in 1870. 

Ozone has been used as a disinfectant for almost a century and is well known 

for its antimicrobial action. In 1893, the first ozone water treatment plant was 

installed ( Biozone, 2006). 

There are many reports that discuss the use of ozone to treat various medical 

conditions. These conditions include, amongst others, diabetes mellitus, 

ischemic disorders, open wounds and ulcerations, nosocomal infections and 

malaria. Ozone therapy can be applied using different methods. They include 

drinking or topical application of ozonated water, vaginal or bladder 

insufflations, ear insufflations, intraperitoneal insufflations and rectal 

insufflations (Sunnen, 1998). The preferred method is ozone 

autohemotherapy ( 03-AHT) although, intraperitoneal insufflations seems to 

gain ground. 03-AHT involves the ex vivo exposure of a given volume of 

blood to an equal volume of Oa/Os-gas mixture having a precise O3 

concentration. After incubation and removal of the gas, the ozonated blood is 

reinfused. This approach offers a meaningful and reproducible delivery 

system and has the advantage that the ozonated blood is rapidly distributed 

through the entire body. 

Ozone, when dissolved in plasma, generates a cascade of reactive oxygen 

species (ROS), not dissimilar from the constant production of ROS that 

occurs under normal physiological conditions. It has been suggested that 

small concentrations of ozone can stimulate the antioxidant system without 

causing severe oxidative stress (Bocci, 2002). Other biological effects may be 

triggered by products formed when ozone reacts with polyunsaturated fatty 



acids, -SH groups present in several compounds and antioxidants ( Valacchi 

et al., 2000). 

There are claims that 03-therapy can be used to treat various medical 

conditions. The issues of toxicity and effectiveness is, however, not yet fully 

established because very few scientific and controlled clinical studies have 

been done. As a result, the use of O3 has encountered scepticism by orthodox 

medicine. Therefore a well planned and controlled study is called for to 

assess the effects of 03-AHT . 

2. Aim 

The aim of this study was to assess the effect of 03-AHT with two different 

concentrations of ozone on DNA integrity of lymphocytes and the 

oxidantlantioxidant status of baboons. This was done to determine the nature 

and the extend of changes and to weigh up the advantages of 03-therapy 

against possible harmful effects. 



I Chapter 1: Literature overview I 
I .  I. Introduction 
Ozone is best known for its protective role in the ecological harmony of the 

earth and the interaction at ground level with industrial pollutants. It further 

has unique biological properties that are investigated to apply in various 

medical fields. The biomedical advantage of ozone treatment is almost absent 

in the medical literature. Of the about 150 articles that appear yearly, 15% 

deals with the bothersome thinning of the ozone layer in the stratosphere. The 

bulk of the articles address the important problem of ozone toxicity (Bocci, 

1996). 

This is probably due to the fact that the use of ozone as an alternative 

medicine is controversial with both respect to its efficiency and safety. In vivo 

and in vitro studies confirmed that O3 is toxic to the respiratory tract. This led 

to the conclusion that ozone will always be toxic to humans, animals and 

plants. However, numerous studies have shown that the proper use of ozone 

can be therapeutic and that it is not toxic. Similar to other medical drugs, 

ozone has a narrow therapeutic window. Concentrations below this window 

has no effect while concentrations above this window can have toxic effects 

(Larini et al., 1999). 

1.2. Ozone in nature 
Ozone is a gas naturally present in the atmosphere surrounding the earth. In 

the stratosphere it is formed by ultraviolet light that split O2 molecules into two 

individual oxygen atoms. The atomic oxygen then combines with O2 

molecules to form ozone. Ozone is unstable and ultraviolet rays split ozone 

into an O2 molecule and an atom of atomic oxygen. This continuing process is 

known as the ozone-oxygen cycle and creates the ozone layer in the 

stratosphere. 

The ozone layer is extremely important because it absorbs most of the 

harmful ultraviolet radiation to protect living organisms on earth. Ozone is also 



found in the troposphere, i.e. the portion of the atmosphere from the surface 

of the earth to about 12 km up. Ozone in the troposphere can be dangerous 

and concentrations of as low as 0.02 to 0.3 parts per million can be toxic. 

f.3. Chemical properties and production of medical ozone 
The three atoms of oxygen that make up one molecule of ozone closely 

resembles the shape of an equilateral triangle. The electrical bonding 

between each oxygen is achieved by sharing six electrons. Two of these 

electrons resonates between all three atoms. It is these electrons that 

participate in the electrophilic attack on many substances during the oxidation 

process. 

Ozone is the most powerful oxidizing agent in nature. It can be used on a 

practical scale to treat and purify water. Ozone has an electrochemical 

potential of 2.07 V which is significantly higher than that of oxygen (1.23 V). It 

has a molecular weight of 48 and a short half-life of approximately 37 minutes 

in air. 

Due to its short half-life ozone cannot be stored and must be generated on- 

site for immediate use. Electrical generation is the only practical and safe 

method for large scale production. The most widely used electrical generation 

technology is the corona discharge method. A corona discharge generator 

accelerates electrons to provide sufficient energy to split the oxygen-oxygen 

double bond upon impact with other oxygen molecules. The two oxygen 

atoms then react with other diatomic oxygen molecules to form ozone. 

When enough high energy electrons bombard gas molecules so that they are 

ionized, a light emitting gaseous plasma is formed. This is commonly referred 

to as a corona. In practice, ozone concentrations of 1-2 % using air, and 3- 

12% using pure oxygen can be obtained by corona discharge generators 

(Wikipedia, 2001). 



The corona discharge device can be fabricated and configured in many 

different ways. The primary feature is to generate a corona between two 

electrode surfaces in such a way that when air or oxygen is passed between 

these electrodes, ozone production and concentrations is maximized. Corona 

discharge units properly designed and containing modern safety features can 

produce ozone reliable, efficiently and safely for many years. In addition, 

different concentrations can be produced by regulating the flow of the O2 

through the generator and by changing the current across the electrodes. 

1.4. Measurement of the ozone concentration 
The concentration of the ozone can be measured in real time with a 

spectrophotometer during the ozonation of the blood. The oxygenlozone gas 

mixture is passed through the spectrophotometer where the absorbance is 

measured at 254 nm. The absorbance is then converted to concentration in 

pglml (appendix A). 

1.5. Medical use of ozone 

1.5.1. A brief history 
A Dutch chemist, Van Marum, was probably the first scientist to detect ozone 

gas by smell in 1783. He mentioned a characteristic smell around his 

electrifier in the description of his experiments. He could, however, not identify 

the source of the smell. The discovery of ozone was first described by 

Christian Friede,rich Schonbein in 1840. Schonbein noticed the same 

characteristic smell during his experiments. He called this gas 'ozone', derived 

from ozein; the Greek for scent. 

Eleven years before Sconbein died, Werner von Siemens invented the 

"super-induction tube". This was an important step in the development of 

ozone generators. It soon became clear that ozone is a very reactive and 

unstable gas and that it has to be produced "ex tempore" from oxygen and 

used immediately. At first, ozonizers were used for preliminary industrial 

applications and disinfection of water because of its antibacterial properties. 



After Joachim Hansler invented a practical medical ozonizer , ozone therapy 

became possible. The use of a photometer for real time measurement of 

ozone concentrations further enhanced the use of O3 in treatment of patients. 

Dr. H. Wolf started his own practice in 1950 using O3 a treatment modality. He 

exposed blood "ex vivo" in a dispensable, ozone-resistant glass bottle to a 

mixture of 02/03 gas with a precise ozone concentration. He developed the 

real ozone-autohaemotherapy (03-AHT) which, with some modifications, is 

still used today. 

1.5.2. Methods of ozone administration 
There are various methods to treat patients with ozone. They include major 

autohaemotherapy, intraperitoneal insufflations, minor autohaemotherapy, 

external ozone application, rectal insufflations, direct intra-arterial or 

intravenous administration, intramuscular injection, ozone ointments and 

ozonated water. 

1.5.3. Major Autohaemotherapy 
The current technique of choice is major autohaemotherapy (Bocci, 2002). It 

seems that intraperitoneal insufflation of O3 is save and can perhaps replace 

AHT (Schuls et al., 20041). Depending on the body weight of a patient, a 

predetermined volume of blood is exposed to the same volume O2/o3 gas 

mixture having a precisely determined ozone concentration. This must be 

done in an ozone resistant glass container. Blood is ozonated by gently 

mixing it with the gas mixture where after the ozonated blood is transferred 

back into the patient. This method is simple and inexpensive, and has already 

yielded better therapeutic results in vascular diseases than conventional 

medicine (Bocci, 2006). 



1.6. Biological properties of o3 

1.6.1. The fate and effect of O3 in biological fluids 
On contact with blood, ozone dissolves in plasma and instantly decomposes 

in a cascade of reactive oxygen species (ROS), including hydrogen peroxide 

(H202), superoxide anion (Om-) and hydroxyl radical (OH'). These compounds 

are highly reactive and have a short half-life. Ozone also reacts with 

polyunsaturated fatty acids to form lipid oxidation products (LOP). 

The above reaction shows the formation of one mole of H202 and two moles 

of LOP for every mole of 0 3 .  In the case of the LOP'S, the non-radical H202 

molecule is the fundamental ROS molecule that acts as an ozone messenger 

responsible to elict several biological and therapeutic effects. H202 in itself 

can act as a mild oxidizing agent or as a mild reducing agent. It does 

however, not oxidize biological molecules such as lipids, proteins and DNA. 

Hydrogen peroxide become dangerous when it is converted to the reactive 

hydroxyl radical by interacting with a range of transition metal ions of which 

iron is the most important (Halliwell et al., 2000). 

Lipid oxidation products can be classified as lipoperoxides (LOO'), alkoxyl 

radicals '(LO'), lipohydroperoxides (LOOH), isoprostanes and alkenals, 

which include 4-hydroxy 2,3 transnonenal (HNE) and malonyldialdehyde 

(MDA). 

A part of the ozone that comes into contact with blood during ex vivo 

exposure is reduced by hydrosoluble antioxidants in blood while the rest is 

transformed into ROS and LOP. Upon blood reinfusion these molecules 

undergo marked dilution in body fluids, and are excreted and metabolized by 

GSH-transferase and aldehyde dehydrogenase. Thus, only submicromolar 

concentrations reach organs where they act as signalling molecules (Di 

Paolo, 2005). The natural production of ROS occurs in the mitochondria 

during cell respiration. These products are the same as the ROS formed when 

O3 dissolves in the blood. In views of the toxicity of ROS, all aerobic 



organisms have developed efficient antioxidant defence systems (Halliwell et 

al., 1991 ) to protect against the toxic effects. 

1.6.2. Free radicals 
A free radical is a molecule or molecular fragment with an unpaired valence 

electron. In free radicals, the unpaired electron tends to undergo reactions 

where it act as electron donors (oxidation) or as electron receivers (reduction) 

so that the product will become more stable (Borg, 1993). 

Free radicals play an important role in a number of biological processes, 

some of which are necessary for life. An example is the intracellular killing of 

bacteria by neutrophils. Free radicals have also been implicated in certain cell 

signalling processes. The two most important oxygen-centred free radicals 

are the superoxide and hydroxyl radicals. Because of their reactivity, they are 

able to participate in unwanted side reactions that results in cell damage. 

Many forms of cancer are thought to be the result of reactions between free 

radicals and DNA, resulting in mutations that can adversely effect the cell 

cycle and potentially lead to malignancy (Valko et al., 2007). 

Free radicals are also produced inside organelles, for example in the 

mitochondrion. The mitochondria create energy for the cell by producing 

adenosine triphosphate (ATP). ATP is produced in the electron transport 

chain where a phosphate group is attached to the adenosine diphosphate 

(ADP) to create adenosine triphosphate. Electrons are passed down a series 

of proteins which lower the energy of an electron. The third protein in this is 

Coenzyme Q (Co Q). It is estimated that approximately 1 - 4% of the 

electrons that pass through Co Q leaks onto an oxygen molecule, giving these 

electrons an extra unpaired electron to form superoxides. This free radical 

needs an additional electron to stabilize it and oxidizes the nearest source. 

This causes damage to the mitochondrion. Too much damage can initiate 

apoptosis of the cell. 



1.6.3. Lipid peroxidation 
Lipid peroxidation is the oxidative degradation of lipids. It is the process 

whereby free radicals or ozone removes electrons from the lipids in cell 

membranes, resulting in the loss of fluidity of cell membranes and ultimately in 

cell damage. This process proceeds through a free radical chain mechanism. 

It often targets the polyunsaturated fatty acids because they contain multiple 

double bonds. Similar to any radical reaction, it consists of three steps: 

initiation, propagation and termination. Initiation is the step whereby a fatty 

acid radical is produced. The initiators in living cells are normally reactive 

oxygen species, such as OH', which remove a hydrogen to form water and a 

fatty acid radical. The fatty acid radical is not very stable and reacts quickly 

with molecular oxygen to form a peroxy-fatty acid radical. This is also 

unstable and reacts with another free fatty acid to produce a different fatty 

acid radical and a hydrogen peroxide, or a cyclic peroxide if it reacts with 

itself. This cycle continues as the new fatty acid radical reacts in the same 

way. When a radical reacts, it always produces another radical thus a chain 

reaction mechanism. To stop this radical chain reaction, two radicals have to 

react with each other to produce a non-radical species. This only happens 

when the concentration of radical species are high enough for two radicals to 

actually collide. 

Living organisms have evolved different molecules that terminate free radical 

reactions and protect the cell membrane. Once formed, peroxyl radicals can 

be rearranged to form endoperoxides with the final product of peroxydation 

being malondialdehyde (MDA). The major aldehyde of lipid peroxidation other 

than MDA is 4-hydroxy-2-nonenal (HNE). MDA is mutagenic in bacterial and 

mammalian cells and carcinogenic in rats. HNE is a weak mutagen but 

appears to be the major toxic product of lipid peroxydation. In addition, HNE 

has powerful effects on signal transduction pathways, which in turn have a 

major effect on the phenotypic characteristics of cells (Valko, 2006). 



1.6.3. Protein oxidation 
Protein oxidation is an important factor in ageing and age-related 

neurodegenerative disorders. Oxidative modifications of proteins can lead to 

diminished function which may ultimately result in cell death (Butterfield, 

2002). Oxidative attack of the polypeptide backbone is initiated by the OH'- 

dependant removal of the a-hydrogen of an amino acid residue to form a 

carbon-centred radical. The carbon-centred radical thus formed reacts rapidly 

with 0 2  to form an alkyl peroxyl radical intermediate. This can give rise to the 

alkyl peroxide followed by formation of an alkoxyl radical which can be 

converted to a hydroxyl protein derivative. The generation of alkoxyl radicals 

sets the stage for cleavage of the peptide bond by either the diamide or a- 

amidation pathways (Berlett et al., 1997). 

Berlett et a1.(1997) stated that elevated levels of oxidized protein are present 

in animals and cell cultures following their exposure to various conditions of 

oxidative stress. One of these conditions was exposure to ozone. 

1.6.4. Oxidative damage to DNA 
Activated oxygen and agents that generate oxygen free radicals induce 

numerous lesions in DNA. It includes deletions, mutations and other lethal 

genetic defects. Both the sugar and the base functional groups are 

susceptible to oxidation, causing base degradation, single strand breakage 

and cross-linking to protein. Degradation of the base will produce numerous 

products, including 8-hydroxyguanine, hydroxymethyl urea, urea, 

thymine glycol and thymine. 

The principle cause of single strand breaks is oxidation of the functional sugar 

group by the hydroxyl radical. In vitro neither hydrogen peroxide alone nor 

superoxide cause strand breaks under physiological conditions (Abdi, 1999). 

Therefore, their in vivo toxicity is most likely the result of Fenton's reactions 

with a metal catalyst. H202, which crosses biological membranes easily, can 

penetrate to the nucleus and react with transient metal ions bound on or very 



close to the DNA to form OHm(Halliwell, 1991). The short-lived hydroxyl radical 

then oxidizes an adjacent sugar or base causing breakage of the DNA chain. 

Cross-linking of DNA to protein is another consequence of hydroxyl radical 

attack on either DNA or its associated proteins. Treatment with ionizing 

radiation or other hydroxyl radical generating agents causes covalent 

leakages, such as thymine-cysteine adducts, between DNA and protein. 

When these cross-links are present, extraction methods to separate protein 

from DNA are ineffective. DNA-protein cross-links are about an order of 

magnitude less abundant than single strand breaks. Unfortunately they are 

not as readily repaired, and may have lethal consequences if replication to 

transcription precedes repair. 

DNA is an obvious weak link in the ability of a cell to tolerate oxygen free 

radical attack. First, it seems that DNA is effective in binding metals that are 

involved in Fenton reactions, and secondly less damage can be tolerated by 

DNA than by other macromolecules. As a consequence the cell has a number 

of DNA repair enzymes. This is most likely the reason why eukaryotic 

organisms have compartmentalized DNA in the nucleus. It keeps DNA away 

from sites of redox cycling that are high in NADPH and other reductants. 

1.7. Defence mechanisms of the body 

1.7.1. DNA repair 
DNA repair is the process by which a cell identifies and corrects damage to 

the DNA that encode its genome. In human cells, both normal metabolic 

activities and environmental factors such as UV light can cause DNA damage. 

These factors can result in as many as 1 million individual molecular lesions 

per cell per day. Many of these lesions cause structural damage to the DNA 

molecule and can alter or eliminate the ability of the cell to transcribe the gene 

that the affected DNA encodes for. Other lesions induce potentially harmful 

mutations in the genome, which can affect the survival of daughter cells 

following mitosis. Consequently, the DNA repair process must be constantly 

active so that it can respond rapidly to any damage in the DNA structure. 



The rate of DNA repair is dependant on many factors, including the cell type, 

the age of the cell and the extracellular environment. A cell that has extensive 

DNA damage can enter one of three possible states. 

an irreversible state of dormancy known as senescence 

cell suicide, also known as apoptosis or cell death 

unregulated cell division, which can lead to the formation of a tumour 

that is cancerous. 

The DNA repair capacity of a cell is vital to the integrity of its genome and 

thus to normal function of the organism. Many genes that were initially shown 

to influence the lifespan of an organism have turned out to be involved in DNA 

damage repair and protection (Browner et al., 2004). Failure to correct 

molecular lesions in cells that form gametes can introduce mutations into the 

genomes of the offspring and thus influence the rate of evolution. 

1.7.2. DNA repair mechanisms 
Cells cannot tolerate DNA damage that compromises the integrity 

and accessibility of essential information in the genome. On the other hand 

can cells remain functional when non-essential genes are missing or 

damaged. Depending on the type of damage inflicted on the DNA double 

helical structure, a variety of repair strategies have evolved to restore lost 

information. If possible, cells use the unmodified complementary strand of the 

DNA or the sister chromatin as a template to retreat the original information. 

Without access to a template, cells use an error-prone recovery mechanism 

known as translesion synthesis as a last resort. 

Damage to DNA alters the spatial configuration of the helix and such 

alterations can be deleted by the cell. Once damage is localized, specific DNA 

repair molecules are summoned to and bind at or near the site of damage. 

This induces other molecules to bind and form a complex that enables the 

actual repair to take place. The types of molecules involved and the 

mechanism of repair that is mobilized depends on the type of damage that 



has occurred and the phase of the cell cycle that the cell is in (Granner et al., 

2003). 

1.7.2.1. Direct reversal 
DNA damage corrected through direct reversal of the modified base is 

probably the most efficient mechanism of repair because it removes the 

alteration to the base and not the damaged base. The main component of the 

direct repair family in mammalian cells are the alkyltransferase proteins, which 

removes alkyl groups from the o6 position of guanine and to a lesser extend 

from the o4 position of thymine. Methylation of the o6 -guanine can lead to 

the ambiguously pairing with both C and T, to cause transition mutations. 

Initially, two proteins were described with alkyltransferase activity in bacterial 

cells. Humans only have one alkyltransferase gene, methylguanine-DNA 

methyltransferase (MGMT), (Hansen, 2000). 

1.7.2.2. Single strand damage 
When only one of the two strands of the double helix has a defect, the other 

strand can be used as a template to guide the correction of the damaged 

strand. There are three excision repair mechanisms involved that remove the 

damaged nucleotide complementary to that found in the undamaged DNA 

strand. 

1. Base excision repair (BER) is the major pathway that protects 

mammalian cells against single-base DNA damage caused by 

methylating and oxidizing agents, other genotoxicants and a large 

number of damages that arises spontaneously (Bernstein et al., 2002). 

BER involves the combined effort of several repair proteins that 

recognize and remove the specific DNA damaged areas, eventually 

replacing the damaged moiety with a normal nucleotide and resorting 

the DNA back to its original state. 

2. Nucleotide excision repair (NER) is an important and complicated 

repair process that involves protein products of 30-40 genes. It 

removes genomic damage caused by, for example, UV-induced 

photoproducts, bulky mono-adducts, cross-links and oxidative damage. 



Several known genetic defects in NER lead to xeroderma 

pigmentosum. There are two NER subpathways: global-genome repair 

(GGR) which repairs DNA lesions across the genome and 

transcription-coupled repair (TCR) which repairs DNA lesions that are 

specific to the transcribed strand of active genes (Lockett, 2004). 

Mismatch repair (MMR) which corrects replication errors and removes 

of unpaired nucleotides from heteroduplexis formed during allele 

recombination. The simplest way to correct replication errors is to 

immediately remove wrongly inserted nucleotides by '3-5' - 
exonuclease activity of DNA polymerases 6 and E .  The second 

pathway of MMR includes enzymes involved in excision repair 

(Sharova, 2005). 

1.7.2.3. Double strand breaks 
A type of DNA damage particularly hazardous to dividing cells is a break to 

both strands of the double helix. Lack of repair leads to genome 

destabilization, mutations and the appearance of malignant tumours 

(Sharova, 2005). There are two mechanisms to repair double strand breaks. 

They are generally known as non-homologous end-joining (NHEJ) and 

recombinant repair which is also known as template-assisted repair or 

homologous recombination repair 

The NHEJ pathway operates when the cell has not yet replicated the region of 

DNA on which the lesion has occurred. During this process the two ends of 

the broken DNA strands are joined together. This repair mechanism is 

necessarily mutagenic. However, if the cell is not dividing and has not 

replicated its DNA, the NHEJ pathway is the only repair mechanism available. 

Although the molecular mechanism of the NHEJ pathway is not resolved in 

full, it is to be expected that the direct joining of two DNA termini requires at 

least four steps. The first is detection of the double strand break, second the 

formation of a molecular bridge that holds the DNA ends together third must 

be a processing procedure that modifies non-matching andlor damaged DNA 

ends into compatible ends and fourth the final ligation (Weterings, 2004). 



Recombinational repair requires an identical or nearly identical sequence to 

be used as a template to repair the break. The enzymatic machinery 

responsible for this repair process is nearly identical to the machinery 

responsible for chromosomal crossover during meiosis. This pathway allows a 

damaged chromosome to be repaired using the newly created sister 

chromatid as a template i.e. an identical copy that is also linked to the 

damaged region via the centromere. 

Double-stranded breaks repaired by this mechanism are usually caused by 

the replication machinery attempting to synthesize across a single-strand 

break or unpaired lesion, both of which result in collapse of the replication 

fork. Such breaks are not considered DNA damage because they serve a 

biochemical purpose and are immediately repaired by the enzymes that 

created them. 

1.7.2.4 Translesion synthesis 
Translesion synthesis is an error-prone, almost error-guaranteed, last resort 

method to repair a DNA lesion that has not been repaired by any of the other 

mechanism. The DNA replication apparatus is a finely tuned machine 

designed to replicate DNA at great speed and with high fidelity. A 

consequence of this is that the highly stringent replicative DNA polymerases 

are unable to accommodate damaged bases in their active sites and therefore 

DNA lesions block replication fork progression. In order to overcome this, cells 

have evolved further mechanisms to synthesis past lesions (Lehmann, 2005). 

The translesion synthesis pathway is mediated by a specific DNA polymerase 

that inset extra bases at the site of damage. By doing this, it allows replication 

to bypass the damaged base in order to continue with chromosome 

duplication. From the cell's perspective, it is better to introduce mutations 

around a single site than to continue the cell cycle with an incompletely 

replicated chromosome. The base inserted by the translesion synthesis 

machinery are template-independent, but not arbitrary. For example, one 



human polymerase inserts adenine bases when synthesizing past a thymine 

dimer. 

I .  7.3. The antioxidant system 
Antioxidants are produced either endogenously or received from exogenous 

sources. Endogenously antioxidants include enzymes such as superoxide 

dismutase, catalase, glutathione peroxidase and glutathione reductase. 

Exogenous antioxidants include minerals such as Se, Mn, Cu and Zn and 

vitamins such as vitamin A, C and E. Other compounds are glutathione, 

flavanoids, bilirubin and uric acid. In a healthy body, pro-oxidants and 

antioxidants maintain a healthy ratio that leans towards a higher antioxidant 

status. A shift in this ratio towards pro-oxidants gives rise to oxidative stress 

which can be mild or severe depending on the extend of shift. 

Oxidative stress remains the cause of several diseases such as 

cardiovascular diseases, neurological disease, malignancies, renal diseases, 

diabetes, ageing, respiratory diseases, liver diseases and different types of 

viral infections. There are enzymatic and non-enzymatic antioxidants which 

can conveniently be subdivided into hydrosoluble and liposoluble antioxidants. 

1.7.3.1. Hydrosoluble antioxidants 

Uric acid 
Uric acid is an organic compound of carbon, nitrogen, oxygen and hydrogen. 

Xanthine oxidase oxidizes oxypurines such as xanthine and hypoxanthine to 

form uric acid. In humans and higher primates, uric acid is the final oxidation 

product of purine metabolism. In most other mammals, the enzyme uricase 

further oxidizes uric acid to allantoin (Figure 1). 

Uric acid is a very effective scavenger of OH', 02'-, ROO'- and ONOO'. It 

prevents the oxidation of vitamin C and so helps to conserve it. It can also 

bind to transition metals. During ozonation, uric acid is usually oxidized to 

allantoin and, like albumin, behaves as a sacrificial molecule since its 

oxidation spares other functional substrates. 



Figure I. Oxidation of uric acid gives rise to allantoin 

In humans, uric acid is a much more abundant aqueous antioxidant than 

ascorbic acid and contributes as much as two thirds to total free radical 

scavenging capacity in plasma (Ames et al., 1981). In a variety of organs and 

vascular beds, local uric acid concentrations increase during acute oxidative 

stress. 

Ascorbic acid 
Ascorbic acid is an essential nutrient involved in many biochemical functions. 

It plays a role in collagen synthesis, functions of the immune system, amino 

acid metabolism, the synthesis of certain hormones and the metabolism of 

minerals and other vitamins (Kim et al., 2006). Humans and other primates 

cannot to synthesize ascorbic acid from glucose because they do not have 

gulacolactone oxidase. Humans and other primates is therefore dependant on 

their diet to obtain ascorbic acid. 

All of the useful activities of ascorbic acid (Figure 2) are due to the transfer of 

electrons in one or two steps. Thus leads to the formation of either a 

semidehydroascorbate radical anion, a poorly reactive radical, or 

dehydroascorbic acid. The ascorbyl radical can be reconverted to ascorbate 

by NADH-semidehydroascorbate reductase while dehydroascorbate either 

decomposes irreversibly to 2,3-diketogulonic acid or is recycled to ascorbate 

by GSH-dependant enzymes. 
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Figure 2. Chemical structure of ascorbic acid 

Glutathione 
Glutathione (GSH) is a multifunctional intracellular non-enzymatic antioxidant 

that is a vital redox buffer in the cell. Glutathione is highly abundant in the 

cytosol, nuclei and mitochondria and is the major soluble antioxidant in these 

organelles. The reduced form of glutathione is GSH and the oxidized form is 

glutathione disulphide (GSSG). 

GSH in the nucleus maintains the redox state of critical protein sulphydryls 

that are necessary for DNA repair and expression. Generally, the antioxidant 

capacity of thiol compounds is due to the sulphur atom which can easily 

accommodate the loss of a single electron. In addition, the lifespan of sulphur 

radical species thus generated, i.e. thiyl radical (GS'), may be significantly 

longer than many other radicals generated during stress. The reaction with 

the radical R'  is as follow: 

GSH + R' + GS' + RH ......................... -- .................... 2 

The generated thiyl radicals may react with each other to form the non-radical 

oxidised glutathione GSSG. 

GS' + GS' -, GSSG ............................... - ------------------- 3 

GSSG accumulates inside the cells and the ratio of GSHIGSSG is a good 

measure of oxidative stress in an organism (Valko et al., 2006). 

1.6.2.2. Liposoluble antioxidants 

Vitamin E 
Natural vitamin E exists in eight different isomers, four tocopherols and four 

tocotrienols. All isomers have a chromanol ring, with a hydroxyl group which 



can donate a hydrogen atom to reduce free radicals and a hydrophobic side 

chain which allows for penetration into biological membranes (Bocci, 2002). 

Figure 3. Chemical structure of a-tocopherol 

The most active form of vitamin E in humans is a-tocopherol (Figure 3). It is a 

powerful biological antioxidant and is considered to be the major membrane- 

bound antioxidant in the cell. The main antioxidant function is to protect 

against lipid peroxydation. Recent evidence suggests that a-tocopherol and 

ascorbic acid function together in a cyclic-type of process. During the 

antioxidant reaction, a-tocopherol is converted to an a-tocopherol radical by 

donation of a hydrogen atom to a lipid or lipid peroxyl radical. The 

a-tocopherol radical is then reduced to the original form by ascorbic acid 

(Valko et al., 2006). 

Vitamin A 
Retinol is the dietary form of vitamin A. It belongs to the family of chemical 

compounds, the retinoids. It occurs in two forms in nature. The retinyl esters 

are found in animals such as fish oils and liver whereas certain plants contain 

beta-carotene (Figure 4). Hydrolysis of retinyl esters results in retinol while 

beta-carotene can be cleaved to form retinal. 'Retinal (retinaldehyde) can be 

reversibly reduced to form retinol (Figure 4) or it can be irreversibly oxidized to 

form retinoic acid. 



Figure 4. Chemical structures of retinol (above) and P-carotene (below) 

Vitamin A also plays a role in nocturnal vision, growth, cell differentiation and 

reproduction. It maintains a healthy skin and surface tissues, especially those 

with mucous linings. These linings are the first line of defence against 

infectious agents. Vitamin A therefore helps to fight colds and infections, 

particularly in the mucous membranes of the eyes, ears, nose, throat, lungs 

and bladder. 

Bilirubin 
Bilirubin is produced as the end product of heme catabolism and is derived 

from its metabolic precursor biliverdin, a reaction catabolized by action of 

biliverdin reductase (Figure 5). 

Bilirubin and biliverdin have both antioxidant and toxic properties. Their 

antioxidant activity is predominantly their ability to scavenge free radicals such 

as superoxide anion and peroxide radicals. They also inhibit free radical 

mediated cell lysis at concentrations much lower than the more potent 

antioxidants such as trolox and ascorbate (Asad et al., 2001). 



A critical issue is the likelihood that, during ozone therapy, a trace of ozone- 

induced haemolysis in old erythrocytes may cause the induction of haeme 

oxigenase. This in turn may slightly increase levels of bilirubin and CO, which 

may provide a protective effect (Bocci, 2002). 

HOOC . 

J 
NADPH + H + 

Biliverdin reductase 

HOOC COOH 

Figure 5. Formation of biliruben from biliverdin. 



1.7.2.3. The enzymatic antioxidant system 

Superoxide dismutase (SOD) 
Superoxide dismutase catalyses the dismutation of superoxide into oxygen 

and hydrogen peroxide. It is therefore a very important antioxidant defence in 

nearly all cells that are exposed to oxygen. 

A typical reaction of an SOD protein containing copper is as follows. 

cu2'-s0D + OF --, c U 1 + - s O ~  + O2 ............................. 4 

CU"-SOD + 02- + 2H+ -, cu2+-s0D + H202 -------------- 5 

In this reaction, the oxidation state of the copper changes between + I  and +2. 

In humans, three forms of superoxide dismutase are present. SODl is located 

in the cytoplasm, SOD2 in the mitochondria and SOD3 is extracellular (Valko 

et al., 2006). The first is a dimer, while the others are tetramers. SODl and 

SOD3 contain copper and zinc, while SOD2 has manganese in its reactive 

centre. 

The superoxide anion radical rapidly and spontaneously dismutes to 0 2  and 

H202. However, SODl has the fastest turnover rate of any of the known 

enzymes. SOD greatly reduces the intracellular ambient level of the 

dangerous superoxide anion. It helps to protect many cells types from the free 

radical damage that is an important component in ageing, senescence and 

ischemic tissue damage. SOD also helps protect cells against DNA damage, 

lipid peroxidation, ionizing radiation damage, protein denaturation and many 

other forms of progressive cell degradation. 

Catalase 
Catalase is produced by aerobic organisms. It is a tetramer of four 

polypeptide chains where each is at least 500 amino acids long. Within the 

tetramer there are 4 porphyrin haem groups which allows catalase to react 

with the hydrogen peroxide. Hydrogen peroxide is converted to water and 

molecular oxygen. 

2H202 + 2H20 + 0 2  ........................................... 6 

Some haem-containing catalases are bifunctional and act as a catalase and a 

peroxidase. These bifunctional catalases are closely related to plant 



peroxidases. There are also non-haem manganese-containing catalases, 

which are found in bacteria (Valko et al, 2006). 

Glutathione peroxidase (GPx) 
There are two forms glutathione peroxidase, one is selenium-independent 

(glutathione-S-transferase) and the other selenium-dependent (GPx) (Bocci, 

2002). These two enzymes differ in the number of subunits, the binding nature 

of the selenium at the active site and their catalytic mechanisms. Glutathione 

metabolism is regarded as one of the most essential antioxidative defence 

mechanisms in the body. 

Humans have four different Se-dependent glutathione peroxidases. All GPx 

enzymes add two electrons to reduce peroxides by forming selenoles (Se- 

OH). The antioxidant properties of these selino-enzymes allow them to 

eliminate peroxides as potential substrates for the Fenton reaction. GPx acts 

in conjunction with glutathione. The substrates for the catalytic reaction of 

GPx are H202 or an organic peroxide, ROOH. GPx decomposes peroxides to 

water while simultaneously oxidizing GSH, i.e. 

2GSH + H202 -) GSSG + 2H20 .............................. 7 

2GSH + ROOH + GSSG + ROH + H20 ----------------- 8 

Significantly, GPx competes with catalase for H202 as a substrate and is the 

major source of protection against low levels of oxidative stress (Valko et al., 

2006). 

Glutathione reductase (GR) 
Glutathione reductase is a member of pyridine nucleotide-disulfide 

oxidoreductases. It is a cytoplasmic flavoenzyme that is widely distributed in 

aerobic organisms. The dimeric protein consists of two identical subunits, 

each containing 1 FAD and 1 redox-active disulfideldithiol as components of 

the catalytic apparatus. Glutathione reductase uses NADPH to reduce 

oxidized glutathione (Bakan et al., 2003) i.e. 

GSSG + NADPH + H' -+ 2GSH + NADP' --------------- 9 



In most eukaryotic cells, GR maintains a high GSHIGSSG ratio and 

participates in several vital functions such as the detoxification of reactive 

oxygen species and protein and DNA synthesis. 

1.8. The dangers of ozone therapy 
Ozone is a very strong oxidizing agent and forms harmful ROS. Fortunately 

the body has effective defence mechanisms against ROS, such as the 

antioxidant defence system. If a patient undergoes ozone therapy and his 

antioxidant status is inefficient, it can lead to very dangerous consequences. 

For example, there is a marked depletion of plasma antioxidants after the 

mixing of human blood with ozone (Shinriki et al., 1998). This confirms that 

antioxidants is the first line of defence against ozone and the ROS formed by 

ozone. 

Bialas et a1.(2001 ) determined the effect of ozone on bovine red blood cells in 

the presence and absence of natural antioxidants by measuring the rate of 

osmotic haemolysis as a measure of the dynamic process of rupturing the 

membranes of cells. All tested antioxidants decreased the rates of osmotic 

haemolysis of erythrocytes that are exposed to ozone, as compared with 

exposed erythrocytes suspended in physiological saline without antioxidants. 

It is thus very important to determine the antioxidant status of an individual 

before using ozone therapy. 

In the earlier days physicians did ozone therapy without determining the exact 

ozone concentration. When the ozone concentration is too high it can have 

dangerous consequences. Ozone, similar to any other drug, has an optimal 

therapeutic range. 

1.9. Problem statement and aim 
Although ozone therapy is widely used to treat various medical conditions, it is 

still met with skepticism by orthodox medicine. The main reason is the fact 

that very little scientific and controlled studies have been done. Since ozone is 

a strong oxidizing agent and because it generates ROS when it comes in 



contact with blood we decided to investigate its effects on the antioxidant 

defense system and DNA integrity of baboons. The antioxidant defense 

system forms the first line of defense and high concentrations of ROS will 

have a definite effect on this system. It is known that DNA is a target of ROS 

and the damage caused by can have severe consequences. It is therefore 

necessary to do a well planned and controlled study to asses the affects of 

03-AHT on the antioxidant status and DNA integrity. 

The aim was to assess the effect of 03-AHT with two different concentrations 

of ozone on DNA integrity of lymphocytes and the antioxidant status of 

baboons. This is done to determine the nature and the extend of changes and 

to weigh up the advantages of 03-therapy against possible harmful effects. It 

is also necessary to determine an optimal O3 concentration for 03-AHT. 

Chapter 2 of this dissertation deals with the effect of 03-AHT on the DNA 

integrity of baboons. The effect of a 02/03 gas mixture containing 20 an 40 

pglml 0 3  on DNA damage and repair are discussed in this chapter. Chapter 3 

contains the results of the effects of the same two ozone concentrations used 

in chapter 2 on the antioxidant capacity of blood. The method of ozone 

administration and all the assays used are given in these two chapters. A 

general discussion on results found in the latter two chapters are given in 

chapter 4 of this dissertation. 
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Abstract 

There are many different approaches to treat patients with ozone. We 

assessed the effects of ozone-autohaemotherapy (03-AHT) on the DNA 

integrity and DNA repair of lymphocytes in six healthy baboons. We used two 

different ozone concentrations (20 and 40 pglml) and treated baboons on day 

0. Blood was collected before treatment and again after 4, 24 and 48 hours of 

treatment. As ozone dissolves in the blood it generates reactive oxygen 

species (ROS) which is then returned into the animals. We used single cell 

gel electrophoresis (comet assay) to determine DNA damage and the DNA 

repair capacity of the lymphocytes following 03-AHT. Lymphocytes of 

baboons that were treated with a 02/03 gas mixture containing 20 pglrnl O3 

had increased DNA damage after 24 and 48 hours of 03-AHT treatment. It is 

likely that the damage was due to an accumulative effect of the ketamin 

and/or of physical stress. Treatment with a 02/03 gas mixture containing 40 

pglml did not significantly increase DNA damage. This suggests that the 

higher O3 concentration protect the lymphocytes against DNA damage 

caused by anesthesia. The DNA repair capacity was slightly decreased after 

03-AHT with both O3 concentrations. The results therefore does not support 

the view that 03-AHT cause any damage to lymphocytes. This is most likely 

because the circulating lymphocytes were not exposed to 0 3 ,  but to the 

secondary products of the in vitro treatment of blood to 0 3 .  

Key words: Ozone, ozone-autohaemotherapy, DNA damage, DNA repair, 

comet assay. 



1. Introduction 

All aerobic organisms produce reactive oxygen species (ROS) as part of its 

metabolism. ROS is potentially dangerous and can cause oxidative damage 

through its reaction with biological molecules [I]. In order to minimize the 

effects of ROS, aerobic organisms possess over potent antioxidant systems 

to quench ROS [2]. Under normal conditions, the antioxidant systems are 

sufficient to protect cells against ROS. However, increased oxidative stress 

can overcome these mechanisms. 

Ozone is a potent oxidant and it has been shown to be highly toxic to the lung 

tissue when inhaled [3]. As a result, its use as alternative medicine has been 

met with skepticism [4, 51. However, the careful use of ozone-treatment can 

have benefits, for example it was very effective to treat vascular diseases [6]. 

When ozone comes in contact with blood it immediately dissolves in the 

plasmatic water and reacts with biological molecules such as antioxidants, 

fatty acids and proteins [6]. The ozone also generates ROS as it dissolves. 

The ROS is similar to that formed in the mitochondria during cell respiration 

[I]. It is important to realize that the precise concentration of the O3 must be 

known to do effective 03-AHT. 03-AHT has, just like any other drug, a 

therapeutic window. This means that concentrations which are too low would 

have no effect while too high a concentrations can be toxic [7]. 

When the ROS overwhelms the antioxidant defense systems it can lead to 

DNA damage. H202 generated from 0 3 ,  can easily diffuse through cell 

membranes into the nucleus where it reacts with transient metal ions via the 

Fenton reaction to form highly reactive hydroxyl radicals (OH') [8]. Reactions 

of OH' with DNA lead to a wide range of damage to all four bases and to the 

deoxyribose. It can also cause DNA strand breaks [9]. Cells cannot tolerate 

damage to their DNA because it compromises the integrity and accessibility of 

essential information in the genome. To circumvent this, cells have a variety 

of repair strategies to restore DNA damage and these strategies depend on 

the type of DNA damage [I 0-1 91. 



We assessed the DNA damage and repair following 03-AHT with a 02/03 gas 

mixture containing 20 and 40 pglrnl O3 using single cell gel electrophoresis 

(comet assay). These results were compared with those of van Helden et al 

[20] who assessed the affect of 03-AHT with 80 pglml 03.  The aim was not so 

much to determine mechanisms, but rather to attempt to determine an 

optimum concentration for 03-AHT. We used the comet assay as a reliable 

genotoxicity test to detect oxygen-induced DNA damage [21]. It detects DNA 

strand breaks and can also be used to determine the repair capacity of the 

DNA [22-241. 



2. Materials and methods 

2.1. Preparation of ozone 

Ultra pure oxygen was used to generate the ozone. The oxygen was passed 

through a flow rate regulator to ensure the correct ,flow rate to generate the 

required concentration of ozone. From the flow rate regulator, the oxygen was 

passed through a glass-isolated alternating current corona discharge 

ozonizer, developed and built by the School of Physics of the North-West 

University (USA patent 09/91 4, 1996). The ozone concentration was 

determined by passing the 03/02 gas mixture through a UVNis 

spectrophotometer (Pharmacia Biotech Ultraspec 3000). The 0 s  

concentration was measured at 254 nm. A special designed quartz cell was 

used to monitor the ozone concentration in real time. The quartz cell had an 

inlet and an outlet through which the gas passed. The gas was then pumped 

into a glass syringe containing the blood. Two ozone concentrations, 20 and 

40 pglm I, were prepared. 

2.2. Treatment of baboons 

The study was approved by the Ethics Committee of the North-West 

University in accordance with the National Code for animal use in research, 

education, diagnosis and testing of drugs and related substances in South 

Africa (based on the 'Guide for the care and use of laboratory animals'; NH85- 

23, Revised 1985). Six healthy baboons weighing between 5 and 9 kg, were 

used. The baboons were facilitated at the research animal center of the North- 

West University, Potchefstroom campus. The baboons were individually 

caged in a room kept at constant room temperature with automated day-night 

cycles. Water was available ad lib and baboons were fed standard laboratory 

chow. The baboons were anaesthetised with intramuscular ketamine 

hydrochloride (f 10mgIkg) to enable handling, blood collection and the 

reinfusion of Os-treated blood. 



Baboons have 65 ml bloodlkg [25]. We collected five percent of the blood 

volume, via the femoral vein of the baboons, in heparin containing 

polypropylene syringes. The blood was transferred to siliconised glass 

syringes and ozonated by adding the same volume of 03/02 gas mixture 

containing 20 or 40 pglml O3 (in future I will only refer to the ozone 

concentration). The blood was then gently mixed with the gas for 20 minutes 

after which the gas was carefully removed. Directly before the ozonated blood 

was reinfused into the baboon, a control blood sample was taken in vacutest 

tubes containing heparin. Blood samples were also collected 4, 24 and 48 

hours after blood was infused back into the baboon. A sample of the ozonated 

blood before infusion was also collected. All six baboons were treated with 

both O3 concentrations approximately one month apart. 

2.3. Comet assay 

2.2.1. Materials 

Low melting point agarose (LMPA) was obtained from Roche and H202, 

Na2HP04 and KH2P04 from Merck (South Africa). The rest of the chemicals 

were all purchased from Sigma Aldrich Co., St Louise, USA and were of 

analytical grade. 

2.3.2. Isolation and preparation of lymphocytes 

Blood samples were collected in vacutest tubes containing heparin. 

Lymphocytes were isolated with histopaque@. Whole blood (2ml) was added 

on top of 2ml histopaqe8 in a polypropylene tube at room temperature and 

then centrifuged at 5000 x g for 30 minutes. The buffy coat layer containing 

the lymphocytes was removed, transfered to a 1.5 ml centrifuge tube and 

washed twice with PBS at 600 x g for 5 min. The final white blood cell pellet 

was suspended in 500 PI PBS. 



2.3.3. Single Cell Gel Electrophoresis (Comet assay) 

The comet assay was done as described by Singh et al. with minor 

modifications [26;27]. Single cell gel electrophoresis (comet assay) was done 

under alkaline conditions. Briefly, 40 p1 of the cell suspensions was mixed with 

150 1.11 one percent low melting point agarose at 37°C. Of this, 100 pI was 

evenly spread onto microscope slides pre-coated with 1 O h  high melting point 

agarose. Slides were kept on ice to allow the agarose to solidify. The 

remaining cells were exposed to 60 pM H202 for 20 min at 37°C. The H202 

was removed and the cells incubated in 450 p1 HAMS F10 for 10, 20 and 30 

minutes at 37°C. At each time point an aliquot of cells was collected and 

spread on the slides as described above. The slides were then immersed in 

chilled lysis buffer containing 5 M NaCI, 0.4 M EDTA, 1% Triton X-100, 10% 

DMSO in ddH20 at 4'C and kept overnight. The slides were then placed in a 

horizontal electrophoresis tank containing freshly prepared and chilled 

electrophoresis buffer (0.3 M NaOH, 0.05 M EDTA and ddH20). The slides 

were left for 30 minutes to allow DNA unwinding and electrophoresis was then 

done at 30 V and 300 mA at 4°C for 45 minutes. The slides were rinsed with 

water and placed in a neutralizing buffer (0.5 M TrisHCl pH 7.5) for 15 

minutes at 4°C. Staining of the slides was done with ethidium bromide. 

Pictures of the comets were taken with an Olympus 1x70 fluorescence 

microscope (200x magnification) and for each sample a minimum of 50 

comets were randomly chosen to determine the percentage tail DNA with 

CASPB (comet assay software project v.1.2.2). The data were processed in 

Excel@. H202 treatment causes strand breaks in DNA and incubation in 

HAMS F10 allows DNA repair to take place. This can be measured over time. 

During electrophoresis, the damaged DNA migrates from the nucleus towards 

the anode, forming a shape of a comet with a head (cell nucleus with intact 

DNA) and a tail (relaxed and broken DNA). The tail length of the comet and 

the relative amount of DNA present in the tail is an indication of the extend of 

DNA damage that occurred. 



2.3.4. Statistical analysis 

Data are presented as the mean f SEM. The results were statistically 

analyzed using the Student's t-test for paired samples. Results were 

considered statistical significant if p < 0.05. 



3. Results 

Figure I .  Effect of 03-AHT on DNA integrity. The fail DNA % was measured before 
blood was ozonated (control), after ozonation (03) and again 4, 24 and 48 hours after 
ozonated blood was infused back into the baboons. Six baboons were used. r p  < 
0.05 versus control) 

The results of DNA damage to lymphocytes caused by Os-treatment are given 

in Figure 1. It is clear that treatment with O3 did not markedly increase DNA 

damage. DNA integrity in the control samples, the Os-treated samples and the 

samples collected after 4 hours following 03-AHT was not affected by 0 3  

treatment, irrespective of the O3 concentration used. After 24 hours following 

03-AHT DNA damage in the group that was treated with 20 pglml O3 

increased significantly. This increase in DNA damage appeared to be 

maintained for up to 48 hours following 03-AHT. Of particular interest was the 

finding that 40 pg/ml O3 had no marked effect on DNA damage. 

To assess the magnitude of DNA damage, we grouped the comets on the 

basis of the relative amount of DNA in the tail into different classes. The 

results are given in Figure 2. The comets with < 6% tail DNA and thus 

minimal DNA damage fall in class 0 and the comets with > 65% tail DNA fall 

in group 4. The majority (60 %) of the comets in the 20 pglml group fell in 

class 0 during the first 4 hours after 03-AHT and less than 30% fell in class I ( 

6-17% tail DNA). After 24 and 48 hours the percentage of comets in class 0 



decreased by approximately 20 percentage points and the comets in class 1 

increased by approximately 10 percentage points. Thus a steady increase in 

number of comets in classes 1 and 2, reaching a peak at 24 hours and a 

continuous decrease in number of comets in class 0 (Figure 2 a). In the 40 

pglrn) group, between 70 and 80% of the comets fell in class 0 over the 48 

hour period (Figure 2 b). 

Control 03 Q h  24 h 48  t l  

Tirne 

BClass O 
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B Class 2 

 class 3 
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Figure 2. Distribution of comets in different classes affer 0rAHT. The % of 
comets in fhe different classes over a period of 48 hours after 03-AHT with 20 p g h l  
(a) and 40 pg/m/ (b) 03. Class 0 <6 % damage, class .I = 6-1 7 % damage, class 2 = 
17-35 % damage, class 3 = 35-65 % damage and 
class 4 > 65 % damage 



To determine the DNA repair capacity of the lymphocytes, they were treated 

with H202 to deliberately damage DNA (Figure 3). The lymphocytes were then 

incubated in HAMS F10 to allow DNA repair to take place. After 10 min some 

repair did take place and 30 minutes after the white blood cells were treated 

with H202, the DNA damage was decreased to approximate control value. A 

linear regression using the H202 treatment and 10, 20 and 30 minute 

datapoints were fitted to the results to determine the rate at which tail DNA% 

decreased. The rate was regarded as the DNA repair capacity over 30 

minutes. 

Cantwle H202 ?D mtri 20 rnh 30 mln 

T h e  

Figure 3. DNA damage and repair in isolated lymphocytes. Tail DNA % was 
measured before H202 treatment (control) and again 70, 20 and 30 minutes after. 
The slope of the linear line through the datapoints represent the DNA repair capacity. 
The results are from one baboon, but is representative of what was observed in the 
other animals. 

The DNA repair capacity was determined for all the time points following 03- 

AHT and is given in figure 4. It is clear that the 03-AHT effected the repair 

capacity in both treatment groups (Figure 4). It also seems that the repair 

capacity was slightly increased following treatment with 20 pgtml 03, i.e. the 

slope was slightly steeper when compared to that of 40 yglml 03. 



Control 4h 24h 48h 

Tirne 

Figure 5. The DNA repair capacity of lymphocytes following OrAHT. DNA repair 
capacity was determined before blood was ozonated (control) and again 4, 24 and 48 
hours after ozonated blood was infused back into the baboons. 



4. Discussion 

Treatment of the baboons with O3 damaged the DNA of lymphocytes. 

However, the damage was minimally increased above that observed in control 

samples (Figure 1) and it was only after 24 hours following 03-AHT with 20 

pglml O3 that this increase was significant. It is noteworthy that the damage 

following 20 pglml O3 was more pronounced than after 40 pglml 0 3 .  It is also 

of interest that the change by 20 pglml O3 closely follows the pattern of that 

observed following 80 pglml in a similar study in our laboratory [20; appendix 

C]. Ketamin hydrochloride seems to be genotoxic and treatment with 80 pglml 

O3 markedly reduced cumulative DNA damage caused by ketamin 

hydrochloride [20; appendix C]. Our results therefore support the hypothesis 

by Van Helden that 03, although a potent oxidant, does not cause DNA 

damage and if it does, the magnitude is not marked [20] . Of interest was the 

finding that the dose of 40 pglml O3 appeared to be the safest of the three 

doses that we studied. It is clear that this dose does not cause additional DNA 

damage (Figure 1). This may suggest that the antioxidant capacity was 

sufficient to quench the ROS caused by 40 vglml 03. It is not clear why the 20 

pglml O3 caused damage after 24 hours and that this damage was stil 

observed after 48 hours. One would expect that the effect of 03-AHT would 

be shortlived and that any daniaging effects would have been negligible after 

24 hours. It is possible that undefined changes in the ozonated blood was 

responsible. This should be investigated since it may have fatal health 

consequences. 

In order to get more clarity on DNA damage we decided to group the comets 

into classes of increasing damage severity based on the tail DNA %. The 

results showed that approximately 13% of the comets shifted from class 0 (< 

6% tail DNA) to class 1 ( between 6 and 17% tail DNA) after 24 hours in the 

animals treated with 20 pglml. In the 40 pglml group more than 70% of the 

comets were in class 0 over the 48 hour period, i.e. the DNA had less than 

6% damage. In both groups between 81 and 97% of the comets were in 



classes 0 and 1, indicating that the comets had less than 17% tail DNA. 03- 

AHT thus caused very little DNA damage to lymphocytes. 

The DNA repair capacity was negatively affected by 03-AHT (Figure 4), The 

DNA repair capacity was less affected in the baboons that were treated with 

20 pglml 0 3 .  It is possible that a higher concentration of ROS was formed 

during 03-AHT with 40 pglml O3 and that this could cause increased protein 

oxidation to impair the DNA repair enzymes [28]. It is important to note that 

the decrease in DNA repair capacity was statistical insignificant, and that it 

probably falls within normal limits. However, the average DNA repair capacity 

values decreased by more than half of the pretreatment values and this may 

have some severe long term effects in spite of the statistical insignificance. 

It is not clear which of the DNA repair mechanisms are in operation. It is likely 

that it is nucleotide exision repair (NER). DNA breaks are produced as 

intermediates during excision of the nucleotide stretch containing the lesion 

[29], which can lead to an increase in the %DNA tail. 

In conclusion, treatment of blood with O3 had a very small effect on DNA 

integrity. When the treated blood was reinfused into the baboons, it was also 

not markedly affected. The significant increase in DNA daniage 24 hours 

following 03-AHT with 20 pglml O3 was surprising, especially since 03-AHT 

with 40 pglml O3 had no effect. If one takes into account the results of another 

study where 03-AHT with 80 pglml O3 [20] where siniilar results were found 

with respect to DNA damage, the results become even more confusing. It is 

possible that 20 pglml O3 was not enough to counter the genotoxic effect of 

ketamine hydrochloride while the 80 pglml O3 ovetwhelmed the ROS 

quenching effect of the antioxidant system. From our results it is clear that 03- 

AHT with 40 pglml O3 was safe. It is important to note that the baboons were 

not directly exposed to 0 3 ,  but that ozonated blood was used as treatment. It 

is therefore the changes that were caused by treating blood in vitro with ozone 

that affected DNA integrity. 
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CASP 

EDTA 

GSH 

HMPA 

H202 

LMPA 

NER 
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0 2  
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PBS 

ROS 

SCGE 

Comet assay software project 

Ethylenediamine tetra-acetic acid 

Glutathione (Reduced) 

High melting point agarose 

Hydrogen peroxide 

Low melting point agarose 

Nucleotide excision repair 

Superoxide anion 

Oxygen 

Ozone 

Oxygen-auto haemotherapy 

Ozone-autohamotherapy 

Hydroxyl radical 

Phosphate buffered saline 

Reactive oxygen species 
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Abstract 

Although ozone is widely used as an alternative medicine, its safety and 

efficiency are met with skepticism because it is regarded as a poisonous gas. 

To shed some light on this assumption we assessed the effect of ozone- 

autohaemotherapy (03-AHT), using two different O3 concentrations (20 and 

40 pglml), on the antioxidant status of six healthy baboons. To enable 

handling of the baboons they were anesthetized with intramuscular ketamin 

hydrochloride. Our results showed that ozone had a slightly negative affect on 

the antioxidant status a few ours after 03-AHT. The body restored the redox 

state to normal after 24 hours. The activity of the enzyme superoxide 

dismutase (SOD) increased after 03-AHT. It is evident that 03-AHT had no 

adverse effect on the antioxidant status. 

Keywords: Ozone, ozone-autohaemotherapy, antioxidant capacity, oxidative 

stress 



I. Introduction 

The use of ozone as an alternative medicine caused uncertainty in the past 

and will probably do so in the future. Ozone is well known for its protective 

role against the UV rays of the sun. The toxicity of tropospheric ozone is well 

known and many papers are published annually dealing with this [I]. Ozone is 

a very strong oxidizing agent and oxidize a wide range of biological molecules 

when it comes in contact with them [2]. It causes inflammatory changes within 

the lung tissue by affecting the function and structure of these cells [3, 41. 

There are studies that did show that ozone is not always toxic when used in 

vivo, especially now that it is possible to measure the ozone concentration 

accurately. Thus, by using the correct O3 concentration in 03-AHT, it can in 

fact be therapeutic [5-81. 

When ozone comes in contact with blood it rapidly dissolves in the plasmatic 

water and reacts with biological molecules, resulting in the formation of 

reactive oxygen species (ROS) and lipid oxidation products (LOP) [9]. ROS is 

very toxic and causes oxidative damage that results in mutagenesis and 

triggers apoptosis. It has been implicated as a contributing cause of a number 

of human diseases, including cancer and neurodegenerative diseases [I 01. 

The ROS generated by the O3 is the same as the reactive species formed in 

the mitochondria during cell respiration and other biological processes in the 

body. LOP'S, such as malondialdehyde (MDA) and 4-hydroxy-2-nonenal 

(HLIE) is mutagenic and effect the phenotypic characteristics of cells [I 'I]. 

Aerobic organisms developed antioxidant defense systems to minimize the 

damaging affects of ROS [ IZ ] .  These systems play an important protective 

part during 03-AHT. It neutralizes most of the damaging effects of the 

decomposition products of ozone in the blood. Thus, a known antioxidant 

status in a patient forms the basis of the success of 03-AHT. An inefficient 

status may cause a state of oxidative stress which can lead to permanent 

damage to cells and tissues [12]. 



The mechanism of action of O3 therapy is still not fully established. 03-AHT 

cause a transient oxidative shock that may trigger biological processes in the 

body and upregulate the immune and antioxidant defense pathways [13]. It is 

important to realize that the ozone concentration must be known when this 

procedure is performed [12]. Similar to other medical drugs, ozone has a 

therapeutic window. Concentrations that are too high can be toxic while 

concentrations too low may have no effect [13]. 

In this study we assessed the effects of 03-AHT on the antioxidant status of 

six healthy baboons. We used two ozone concentrations (20 and 40 pglml) to 

determine if effects are dose dependant. We used the ORAC and FRAP 

assays to determine the antioxidant capacity of the baboons over a period of 

48 hours after 03-AHT. The total glutathione (GSHt) levels as well as the 

activity of superoxide dismutase were also determined. 



2. Materials and methods 

2.7. Reagents 

I-Methyl-2-vinylpyridinium trifluoromethane sulfonate (M2VP) was obtained 

from Fluka (Buchs, Switserland). NaH2P04, Na2HP04, K2HP04, KH2P04, 

2,4,6-tripyridyl-s-triazine (TPTZ), and FeCI3.6H20 were obtained from Merck 

(Darmstadt, Germany). Reduced glutathione (GSH) and 5,5'Dithiobis-2- 

nitrobenzoic acid (DTNB) were obtained from Boehringer Mannheim, 

Germany. All other reagents were obtained from Sigma-Aldrich Co. (St. Louis, 

MO, USA) and were of analytical grade. 

2.2. Ozone preparation 

Ozone was generated on site from ultra pure medical oxygen. The oxygen 

was passed through a gas flow regulator to ensure the correct flow rate. The 

oxygen passed through the carona discharge ozone generator constructed by 

the Department of Physics of the Potchefstroom campus of the North-West 

University (USA patent 091914, 1996). The O2IO3 mixture was then passed 

through a spectrophotometer to deterrr~ine the ozone concentration in real 

time. The desired O3 concentration (20 and 40 ~g lm l )  was generated by 

changing the flow rate and the electric charge. The O2IO3 gas mixture 

containing 20 or 40 pglml O3 (in future I will only refer to the ozone 

concentration) was then passed through a tube into a glass syringe containing 

the blood. The volume of 02/03 used was the same as the volume of blood in 

the syringe. 

2.3. 03-AHT treatment of baboons 

Six healthy baboons were used in a study approved by the Ethics Committee 

of the North-West University in accordance with the National Code for animal 

use in research, education, diagnosis and testing of drugs and related 



substances in South Africa (based on the 'Guide for the care and use of 

laboratory animals'; NH85-23, Revised 1985). 

The baboons were accommodated in the animal research centre of the 

Potchefstroom Campus of the North-West University. All baboons were 

individually caged in steel cages where water was available ad lib. The diet of 

the baboons consisted of fruits, vegetables and corn. Ketarr~in hydrochloride 

were used (+ Iml/lOkg) as anesthetic and baboons were intramuscularly 

injected to enable handling. They were then removed from the cages and 

placed on a steel operating table after they had been weighed. Baboons have 

65 ml blood per kg body mass [14]. We collected five percent of the blood 

volume from the femoral vein of the baboon in heparin containing 

polypropylene syringes where after it was transferred to siliconised glass 

syringes. The same volume of 02/03 gas mixture was added to the blood. 

The blood was gently mixed with the gas mixture for 20 minutes where after it 

was infused back into the baboon via the femoral vein. Blood was collected 

before O3 treatment and again 4, 24 and 48 hours after the reinfusion of the 

blood. A sample of the ozonated blood was also collected. All six baboons 

were treated with both O3 concentrations approximately a month apart. 

2.4. An tioxidan t capacity 

Oxygen radical absorbance capacity (ORAC) 

Plasma antioxidant capacity was determined by the ORAC assay. Trolox (a 

water soluble Vit E) was used as a standard series and serum antioxidant 

capacity was expressed as trolox equivalents. Blood samples were collected 

in heparin vacutubes and plasma was used for the assay. AAPH (2,2'-azobis 

(2-aminopropane)dihydrochloride, 240 mM) was used as a peroxyl radical 

generator, which oxidizes both lipophilic and hydrophilic antioxidants and the 

target for free radical attack was fluorescein (56 nM). Fluorescence decay 

was measured every 5 minutes for 2 hours. Polynomial regression analysis 

was used to determine antioxidant capacity. 



Ferric reducinglantioxidant power assay (FRAP) 

The reduction of a ferric tripyridyltriazine (Fe 3' -TPTZ) complex to the ferrous 

form ( ~ e ~ ' )  can be morlitored by measuring the change in absorption at 593 

nm. The change is directly related to the total reducing power of the electron 

donating antioxidants present in the sample mixture [15]. A standard series of 

ascorbic acid was used in the assay. Blood samples were collected in heparin 

vacutubes and plasma was used for the assay. The samples were mixed with 

a 300 mM acetate buffer in a microtiter plate. The FRAP reagent consisting of 

300 mlkl acetate buffer, TPTZ and FeCI3.H20 was added to the sample 

mixtures. The plate was then incubated for 15 minutes and the endpoint 

absorbance were measured at 593 nm with a Bio-Tek (FL 600) microplate 

reader. 

Total GSH 

Samples were collected in EDTA vacutubes. The blood samples were 

prepared to determine GSHt. Metaphosphoric acid (MPA, 5%) was used to 

precipitate proteins. To determine GSH the MPA extract was diluted with 500 

mM NaP04 buffer (500mM NaP04, l m M  EDTA, pH 7.5). DTNB (0.3 mM) was 

added to the final dilution to convert GSH into a spectrophotometricaly 

detectable product. This was followed by addition of glutatt-lione reductase 

and 1 mM NADPH. As a standard, 3vl of GSH was added. The absorbance 

was measured at 412 nm at one minute intervals for 5 minutes using a Bio- 

Tek (FL 600) microplate reader. 

Superoxide dismutase (SOD) 

Superoxide dismutase activity can be measured by monitoring the 

autooxidation of 6-hydroxydopamine (6-HD) by using a spectrophotometer 

[16]. The erythrocytes were used and diluted with cold water and added to an 

extraction medium (ethanol/chloroform) where the supernatant was used to 



determine the protein content. Supernatant containing 1 pglml protein was 

used to determine the SOD activity. A diethylenetriaminepentaacetic acid 

(DETAPAC, 0.1 rnM) buffer was added to the sample in a microplate followed 

by 6-HD. The autooxidation of the 6-HD was recorded at 490 nm for 4 

minutes at 1 minute intervals using a Bio-Tek (FL600) microplate reader. The 

amount of protein used to inhibit 50% of the autooxidation of 6-HD was 

determined by calculating the linear slope of the increase in absorbance. 

2.4. Statistical analysis 

All values are expressed as a mean + SEM and the data were compared 

using the Student's t-test for paired samples. P < 0.05 was regarded as 

significant. Statistical analysis were done using the repeated measure 

analysis of variance (ANOVA). Results are presented as the fold change 

relative to the control samples. The fold change was calculated as (Ti - T,) I 

T, where T = time, c is the measurement in the control sample and i the 

measurements at 0,4, 24 and 48 hours. 



3. Results 

3.7. Antioxidant capacity 

Oxygen radical absorbance capacity (ORAC) 

Figure I .  The changes in the plasma ORAC values following 03-AHT with 20 
and 40 pg/ml O3 

The plasma ORAC increased markedly by approximately 75% over the 48 

hours as a result of 03-AHT and these increases were concentration 

independent (Figure I), i.e. the antioxidant status increased. The increase 

however, was not statistically significant. 

Ferric reducinglantioxidant power assay (FRAP) 

The changes in FRAP was variable for both concentrations of 03. No 

significant differences from baseline were measured for 20 pglml 03.  FRAP 

decreased significantly four hours following 03-AHT with 40 ~ g l m l  O3 but 

returned to pretreatment levels. (Figure 2) 



Figure 2. The changes in the plasma FRAP values following 03-AHT with 20 
and 40 pg/ml 03. (*p < 0.05 ) 

Total GSH 

Figure 3. The changes in the total GSH following 03-AHT with 20 and 40 
pg/ml03. (*p < 0.05 ) 

Total GSH decreased equivalently and significantly following 03-AHT with 

both O3 concentrations (Figure 3). Ideally, the GSHIGSSG ratio should have 

been determined as a more accurate index of the antioxidant status. 'The 

ratios that we determined were low and therefore not reliable. We speculate 

that not enough M2VP was used to scavenge GSH during GSSG 

determination. Species differences may also play a part. 



Superoxide dismutase (SOD) activity 

SOD activity was determined as the concentration of protein (pg) resulting in 

50% inhibition of autooxidation of 6-OH-dopamine. The protein concentration 

decreased significantly by approximately 60% at 48 hours following 03-AHT 

with 20 pglml O3 (Figure 4) i.e. an increase in SOD activity. Following 03-AHT 

with 40 pglml 0 3 ,  SOD activity was unaffected. 

Tittle 

Figure 4. The changes in the SOD activity following 03-AHT with 20 and 40 
pg/ml 03. (*p < 0.05 ) 



4. Discussion 

The antioxidant system defends cells against endogenously produced and 

exogenous ROS. It is therefore crucial to asses the effect of 03-AHT on the 

antioxidant status especially since O3 is a strong oxidizing agent that forms 

ROS as a byproduct. We treated the baboons with a 02/03 gas mixture 

containing 20 and 40 pglml O3 and compared our results with those of van 

Helden [ I  7; appendix C] who used 80 yglml O3 for 03-AHT. This was done to 

see if the effects of O3 are dose dependant. We also attempted to establish 

the optimum O3 concentration for AHT. When human blood is exposed to 03, 

it dissolves in the plasmatic water and reacts immediately with several 

biomolecules to form, amongst others, H202 and LOP'S. Both these 

compounds can have a nurr~ber of biological effects on blood cells which 

ultimately can result in a number of beneficial medical effects [6]. It is further 

important to note that 03-AHT has a therapeutic window similar to other 

drugs. If the O3 concentration is too low the H202 and LOP'S molecules would 

be totally quenched by the powerful antioxidants and it would have no effect. 

Too high concentrations, on the other hand, may be very toxic since it can 

overwhelm the antioxidant capacity. 

The oxygen radical absorbance capacity (ORAC) is a measure of the 

antioxidant capacity of plasma. The ORAC increased by approximately 50% 

in the baboons treated with 20 yglml O3 and by approximately 65 % in the 

baboons treated with 40 yglml O3 24 hours after ozonated blood was 

reinfused. In the case of treatment with 80 yglml 03, ORAC increased by 

approximately 193 % [17; appendix C]. The linear relationship between the 

concentration of O3 and the increase in ORAC ( ORAC = -5.6 + 2.4x, r = 

0.981, p c 0.05) strongly suggest that 03-AHT increased the antioxidant 

capacity and that a single injection of ozonated blood was advantageous after 

4 hours. It is of interest to note that the ORAC remained high for 48 hours 

after treatment with 20 and 40 pglml O3 (Figure 1) whereas it markedly 

decreased following a single treatment with 80 pglml 03. [ I  7; appendix C]. We 

have no ready explanation for this finding. 



Surprisingly, the FRAP levels, as a measure of the antioxidant status, was not 

affected by 03-AHT. The significant decrease of approximately 25 O/O four 

hours after treatment with 40 pglml O3 is probably of little biological 

consequence because of the large variation in measurements (Figure 2). One 

would have expected that the marked increase in ORAC (Figure 1) would 

have been supported by an increase in FRAP since both measure antioxidant 

systems. A possible explanation for this discrepancy is that ORAC may be a 

more sensitive measure than FRAP. It is also irr~portant to realise that the 

ORAC is a measure of the scavenging effects of the antioxidants as where 

FRAP measures the reducing powers of the antioxidants. This will have to be 

investigated, especially if these measurements are to be compared. 

Total glutathione (GSHt) is a multifunctional antioxidant that forms a very 

important redox buffer in cells. After 4 hours the 40 pglml group did not show 

any change in GSHt levels. In the 20 pglml group, it decreased by 

approximately 10% (Figure 3). With 03-AHT with 80 pglml GSHt decreased 

by approximately 18 O/O after 4 hours [ I  7;appendix C]. In both groups GSHt 

decreased by 26% after 24 hours. With 80 pglml, the corresponding decrease 

was approximately 30% [17;appendix C]. There was a decrease in the total 

GSH in both groups over the 48 hours after ozonated blood was reinfused into 

the baboons. A possible explanation of the decrease in total GSH after the 

blood was reinfused is that GSH may act as a sacrificial molecule during the 

reduction of H202 and LOP'S. This suggests that 03-AHT induced a slight 

decrease in the antioxidant status, but the GSH was sufficient to deal with it 

and may prevents the toxic effects of 0 3 .  

Superoxide dismutase (SOD) catalyze the dismutation of superoxide into 

oxygen and hydrogen peroxide. It therefore forms an important antioxidant 

defense in nearly all cells that are exposed to oxygen. SOD activity increased 

in both groups over the 48 hour period after ozonated blood was infused back 

into the baboons (Figure 4). In the 20 pglml group SOD activity increased 

significantly by approximately 60% after 48 hours. This findings is in 

correlation with that of Van Helden et al, 2006. who also found an 

upregulation of SOD activity following 03-AHT [I 7; appendix C]. 



Reinfusion of ozonated blood affected the antioxidant status of the body. The 

ORAC analysis suggested that the 03-AHT may have increased the 

antioxidant capacity. The serum FRAP indicated that the ROS caused a 

depletion in the antioxidant capacity 4 hours after reinfusion. Fortunately the 

body managed to restore the capacity after 24 hours. This indicated that the 

ROS cause a state of oxidative stress a few hours after the 03-AHT and that 

the body were capable of restoring the redox balance after 24 hours. It also 

indicated that the effect on the antioxidant capacity was short-lived. The 

decrease in total GSH supports the suggestion that 03-AHT caused a 

depletion in the antioxidant status. The increase in SOD activity can suggest 

that the O3 concentrations that we used generated enough ROS to upregulate 

the SOD activity, especially following treatment with 20 vglml 0 3 .  In 

conclusion, ozone-autohaemotherapy had a definite negative effect on the 

antioxidant status but the antioxidant defense system was able to restore the 

status and in some cases to above pretreatment values. Our results also 

suggested that a dose of 40 ~g l rn l  may be sufficient for 03-AHT. One must 

also bear in mind that the animals were not directly exposed to 0 3 .  This 

negates possible harmful effects of 03. 
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1 Chapter 4: General Discussion 

It has been proven that ozone is a toxic gas and that direct exposure 

damages the bronchial tract. On the other hand is ozone in the stratosphere 

important for our survival since as it absorbs most of the harmful ultraviolet 

rays of the sun. In more recent years ozone has come to the foreground as an 

alternative medicine that can be used to treat certain diseases (Bocci, 2002). 

Unfortunately it was used indiscriminately by semi-trained health workers. As 

a result the use of ozone has been met with skepticism by conventional 

medical practitioners. To shed some light on this dilemma, we treated six 

healthy baboons with ozone autohaemotherapy and assessed its effects on 

the DNA integrity, DNA repair capacity of lymphocytes and the antioxidant 

status of the baboons. In this study we used 20 pglml and 40 pglml O3 and 

compared our results with a similar study where 80 pglml O3 was used. Our 

aim was to attempt to establish a safe concentration of O3 to use for 03-AHT. 

DNA damage was visible in lymphocytes of baboons treated with 03-AHT. 

However, the damage was minimally increased above that observed in control 

samples. The only significant increase was 24 hours after 03-AHT treatment 

with 20 pglml 03. Similar results were observed with 80 pglml 0 3  (Van 

Helden, 2006). It is noteworthy that the dose of 40 pglml O3 had no significant 

increase in DNA damage and appears to be the safest concentration to use. 

In spite of the little damage to DNA following 03-AHT the DNA repair capacity 

was affected. The decrease was more pronounced in the lymphocytes of 

baboons treated with 40 pglml 0 3 .  The decrease in DNA repair capacity was, 

however, small in both groups and probably falls within normal limits. 

The relationship between ORAC and 03-concentration fitted a linear function 

best. This strongly suggests that 03-AHT dose-dependently increased the 

antioxidant capacity in baboons. The decrease in the FRAP value over the 

four hours following treatment was restored to approximately control values 

within 24 hours after O3 treatment. This may suggest that the antioxidant 



capacity was sufficient to quench the ROS generated from 03. The decrease 

in total GSH also indicates that a depletion in the antioxidant status was 

caused by the 03,  but that the GSH was sufficient to deal with it. These 

findings suggested protection against the damaging affects of 0 3 .  The 

increase in the SOD activity suggests that the body are able to compensate 

for the increase in ROS by upregulating the SOD activity. 

It is noticeable that the 03-AHT did not decreased the antioxidant status 

markedly and that the antioxidant defense systems were sufficient to defend 

the body against possible damaging affects of 03-AHT. The same applies to 

DNA integrity. The defense systems that protects DNA from ROS was 

sufficient. It further seems that a dose of 40 pglml O3 was the safest dose, 

both with respect to ROS formation and its effects on the antioxidant systems 

and DNA damage. It is important to bear in mind that these results were 

obtained in normal baboons and may not readily be extrapolated to disease. 

What the results did tell us was that 0 3 ,  as we used it, was safe and did not 

cause adverse effects on DNA or the antioxidant systems. 

In future studies it may be necessary to asses the affect of repeated sessions 

of 03-AHT on the DNA integrity, DNA repair capacity and the antioxidant 

capacity of baboons. At this stage we know that a single treatment of 03-AHT 

does not cause any marked damage and can be safely performed. However, 

it is possible that the body may react completely different to sequential 

exposures of the ozonated blood and may not be able to handle it effectively. 

Ozone also envisage studies where the antioxidant systems of the body are 

depleted before 03-AHT. These studies will highlight if it is important to know 

the antioxidant status of an individual before 03-AHT. Similarly, studies where 

the antioxidant capacity is increased by addition of for example vitamin C to 

the diet before 03-AHT may also shed light on the safety of 03-AHT. 



Appendix 

Appendix A 

Calculation of results 

Ozone concentration 
The ozone concentration is determined from the absorbance 

Abs to c%: Abs x 4.625 = c% 

c% to pglml: (W4.67) x 100 = pglml 

where Abs is absorbance, c% is percent concentration and pglml is 

micrograms per millilitre. 

Oxygen radical absorbance capacity 
Results were calculated as follows, using Microsoft Excel: 

where fo is the initial fluorescence at 0 minutes, f i  is the fluorescence 

measured at time i and S is the area under the curve (Figure 1). 
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Figure I. Principle of the ORAC assay. The figure illustrates the difference in 

inhibitory action of antioxidants of different strength. 



A standard curve with 2nd order polynomial slope (y  = a? + bx +c) was drawn 

from the standard series. The final results (ORAC values, expressed using 

Trolox equivalents) for each sample were calculated by using the following 

equation: 

ORAC value (pM TE) = x = 
- b + J M  

x dilutio~i factor 
2a 

Ferric reducinglantioxidant power 
A linear standard curve was used to calculate the antioxidant power of the 

samples in terms of pM ascorbic acid concentrations. Because direct reaction 

of Fe(ll) gives a change in absorbance half ,that of an equivalent molar 

concentration of ascorbic acid (Benzie & Strain, 1999:17), FRAP values was 

calculated as follows: 

pl'vl of antioxidant power as FRAP = 2 x pM Ascorbic acid 

GSH redox status 
A linear standard curve was used to determine the GSH concentration in each 

sample. GSSG concentrations were calculated as follows: 

GSSG= pM GSHl2 x dilution factor (60) 

In the GSH samples the total GSH concentration (GSHt) was calculated as 

follows: 

GSHt = pM GSH x dilution factor (488) 

The GSH:GSSG ratio was calculated as follows: 

Ratio = GSHt - 2GSSG 

GSSG 



Appendix B 

Comet images 

Figure 2. Comet assay images showing DNA comets with a) <6%, b) 6-17%, c) 17- 

35%, d) 35-60%, and d) 60-100% tail DNA. 



Appendix C 

Results of Van Helden 
These results are copied and added to this appendix with permission of 

Gerda van Helden who investigated the effects of 03-AHT with 80 pg/ml O3 in 

baboons. Blood was collected before OrAHT and 0.5, I, 4, 24 and 48 hours 

following reinfusion of the ozonated blood. A sample of the ozonated blood 

was also taken (0). 

DNA in tegrify 

1 Control 0 0.5 1 4 24 48 
Time (Hours) 

B 03-treated group m 02conZml group (1 Ketarnine control 

Figure 2. Basal DNA damage in lymphocytes. DNA damage was determined after 

ozonation/oxygenation (0 hours), before reinfusion (control) and 0.5 to 48 hours after 

reinfusion. Values are given as mean _+ SD. (*Significant at p < 0.05) 



DNA repair capacity 
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Figure 3. DNA repair capacity. Repair capacities were determined after 

ozonation/oxygenation (0 hours), before reinfusion (control) and 0.5 to 48 hours a ffer 

reinfusion and are represented as the rate of DNA repair during the 30 minute 

incubation time. Values are given as means. 
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Figure 4. Changes in serum ORAC in the 03-treated group (-+-; n = 6) and the 02- 

control group (-m-; n = 5). ORAC was measured in the ozonated and oxygenated 

blood (0 hours) and blood drawn directly before reinfusion (control) and again 0.5 to 

48 hours following reinfusion of the treated blood. Values are given as mean change 

_+ SD. (*Significant at p < 0.05) 
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Figure 5. Changes in serum FRAP in the 03-treated group (--e-; n = 6) and the 02- 

control group (-B-; n = 5). The reducing power was measured in serum samples 

from blood taken before reinfusion (control) and after reinfusion (0.5-48 hours) of the 

treated blood. Values are given as mean change f SD. (*Significant at p < 0.05) 



GSHt 

Figure 6. Changes in total blood glutathione in the 03-treated group (-- +-; n = 6) and 

the 02-control group (-IB-; n = 5). GSHt was measured in the ozonated and 

oxygenated biood (0 hours), blood drawn directly before reinfusion (control) and after 

reinfusion (0.5-48 hours) of the treated blood. Values are given as mean change 2 

SD. (*Significant at p < 0.05) 
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Figure 7. Changes in SOD activity in the 03-treated group (--+-; n = 6) and the 02- 

control group (-R-; n = 5). Activity was determined for both groups in blood drawn 

before reinfusion (control) and after reinfusion (0.5-48 hours). Values are given as 

mean change 2 SD. 
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