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LIST OF ABBREVIATIONS

ADP adenosine diphosphate
APAAP alkaline phosphatase/anti-alkaline phosphatase

BH4 tetrahydrobiopterin

cAMP cyclic adenosine monophosphate
CD cluster of differentiation

cGMP cyclic guanosine monophosphate
CIM cell - mediated immune

CSFs colony Stimulating Factors

DMEM Dulbecco's modified Eagle's medium

DNA deoxyribonucleic acid

EDRF endothelium-derived relaxing factor

ELISA enzyme-linked immunosorbent assay

fimol femtomolar (10-15 mol)

HLA human leukocyte antigen (human histocompatibility complex)
HOU heat, ozone/oxygen and ultraviolet

HSP heat shock protein

ICAM intracellular adhesion molecule

IFNs interferons

ILs interleukins

LDL low-density lipoprotein

LPS lipopolysaccharide

MHC major histocompatibility complex

NADPH reducted nicotinamide adenine dinucleotide phosphate
NF-kB nuclear factor-kB

NO nitric oxide

NSAID nonsteroidal anti-inflammatory drug
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PBMC peripheral blood mononuclear cells
PBS | phosphate buffered saline
PDGF platelet-derived growth factor

PECAM platelet-endothelial cellular adhesion molecule

Pg pilogram (1012 g)

PG prostaglandin

PGI, prostacyclin

PLT platelet

PLT [c] washed platelet from control untreated blood
PLT [t] washed platelet from HOU-treated blood
PPP platelet poor plasma

PPP [c] platelet poor plasma from control untreated blood
PPP [t] platelet poor plasma from HOU-treated blood
PRP platelet rich plasma

PVD peripheral vascular disease

RIA radioimmunoassay

RNA ribonucleic acid

RNI/RNS reactive nitrogen intermediates/species

ROS/ROI reactive oxygen species/intermediaters

Sd standard deviation

TGF transforming growth factor
TNF tumour necrosis factor

TX thromboxane

uv . ultraviolet

VAM vascular adhesion molecule
Ue microgram (10 g)

ul microlitre (100 L)

uM micromolar (10-° Mol)
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ABSTRACT

In the last three decades, autohaemotherapy with blood treated with oxygen containing low
concentrations of ozone, either alone or in combination with an elevated temperature and
ultraviolet irradiation (HOU), has been used in Europe for the treatment of peripheral
vascular diseases. Many apparently widely differing beneficial claims have been made for
this therapeutic approach. This study has provided an objective rationale as to how
HOU-treated blood administered as autohaemotherapy may work as a therapeutic agent.

This study has investigated the effect of the treatment of blood in vitro with HOU on the
blood platelets. The results indicate that either in healthy volunteers or in patients with
PVD and/or diabetes, HOU-treated blood causes a dose-dependent, reversible inhibition
of blood platelet aggregation in response to ADP and collagen, calcium ionophore A23187
and thrombin. The treatment of whole blood with HOU did not result in the destruction of
platelets, as indicated by a lack of increase in release of the alpha-granule component
platelet-derived growth factor into the plasma, and a increase in total platelet count. The
concentrations of endothelium-derived relaxing factor (EDRF, known to be closely related
to or identical with nitric oxide) and prostacyclin (PGI,) released from immune cells in the
HOU-treated blood are increased by this treatment in vitro. EDRF and PGI, are both well
known inhibitors of platelets aggregation and vasodilators. Evidence that the observed
inhibition of platelet aggregation in treated blood is at least in part caused by EDRF
production is provided by the reversal of the inhibition in the presence of
oxy-haemoglobin, an EDRF inhibitor. '

An In vivo clinical study was performed on normal healthy volunteers using
autohaemotherapy with blood exposed to UV light and ozone in medical oxygen (15 pg/mL)
at a temperature of 42.5°C. These volunteers were monitored by measurement of standard
haematological parameters, a clinical chemistry profile and clinical symptoms and signs.
These was no evidence of harmful effects of the treatment.

In vivo HOU-autohaemotherapy enhanced the expression of the activation markers IL-2R,
Ber-Mac3 and HLA-DR on peripheral blood mononuclear cells demonstrating for the first
time objectively -measurable systemic changes in treated individuals. There was also
significant increase in plasma prostacyclin concentrations measured as its stable metabolite
6-keto-PGF, , after HOU-autohaemotherapy.

Endothelial dysfunction, with a reduction in the synthesis of vasodilators, particularly nitric
oxide and perhaps also prostacyclin, plays a critical role in many vascular diseases. If
autohaemotherapy with HOU-treated blood can restore endothelial function, as suggested
by the evidence of an increase in prostacyclin levels in treated individuals, then this therapy
could represent a major advance in the treatment of a number of vascular diseases.

<y>
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Chapter 1  Introduction
sometimes acting as a growth regulator, depending on the target cell (Ross, 1993). The
molecules relating to the process of atherogenesis and their biological actions are listed

in Table 1-1.
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Chapter 1  Introduction

L-.NMMA ~  NH, *NH
_L_-.N.OzArg ' B _
0, + . NOsynthase , | +  «NO

NADPH BH, Calmodulin

& . \‘c
-~ . &
N . N .
N AN

NH, - COOH B NH, "COOH
L-arginine o - L-citrulline -

Figure 1-1. The conversion of L-arginine to reactive nitrogen intermediates.
NO synthesis is selectively Cataiysed by NO synthase and is competitively inhibited by L-
arginine antagonists, L-NMMA (NC-monomethyl-L-arginine) or L-NO, Arg (NW-nitro-L-

arginine).

< 15 >



Chapter 1 - Introduction

THROMBIN HEMOGLOBIN

BRADYKININ SHT ADP FoL EDRF-NO
SHEAR SRESS

\_’ ; IR
ENDOTHELIAL Arachidonic‘_ aéid y
CELL

“- "L-Arginine

SMOOTH
MUSCLE

Figure 1-2. Generation of ﬁrdsfacyclin (PGI,), EDRF-nitric oxide‘ in‘norrhal
endothelial cells (Vane et al, 1990). |

Stimulatioﬁ of receptdfs on the cells b&_' sérotoniﬁ (5HT) or adenosine (iiphosphate (ADP)
released from platelets or by ttﬁ&ﬁbin 'bra'ciykinin or Shear stress.leads to the release of -
\}asoactlve médlators Prostacychn formed from ‘arachidonic acid relaxes smooth muscle and
inhibits aggregation of platelets by mcreasmg levels of cychc adenosine monophosphate
(cAMP). EDRF-nitric oxide (_NO) formed from L-arginine also relaxes smooth muscle and
inhibits platlet aggregation and adhesion, by increasing levels of cyclic guanosine
monophosphate (cGMP). By increésiné CAMP and cGMP simultaneously, prostacyclin and
EDRF-nitric oxide synergistically inhibit platelet aggregation. Haemoglobin inactivates EDRT-

nitric oxide.
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Chapter 1  Introduction
Membrane Phospholipids
Glucocorticoids —» Lipomodulin —i| Phospholipase A,-

Arach_idon'ic acid »

Aspirin and

other NSAID 15-Lipoxygenase

Cyclooxygenase
T = COOH 15-s-Hydroperoxy-
o 7 S : eicosatetraenoic acid
OOH
PGG, .
Glutathione
peroxidase
Peroxidase
' 15-s-Hydroxy-
"Oxidant" eicosatetraenoic acid
Lipid  |Prostacyclin : Imidazole, | 1y synthease
peroxides /| synthease dazoxiben v
v

7 /A\/\-_—/\/\COOH
Pk : , 0/\/\/\(\/\/

. OH
Spontaneous ’ TXA,
hydrolysis Spontaneous
v ‘ ‘ hydrolysis
6-keto-Prostaglandin F,, TXB
. ] T 2

PG, prostaglandin, TX, thromboxane; NSAID, nonsteroidal anti-imflammatory drug, —, inhibits.

Figur 1-3. Metabolic pathway éhoWing formation of PGIZ and
TXA, from arachidonic acid in endothelial cells
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