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Pat female 75 diab, high blood pressure, epilepsy.
MRI: Meningioma with vasogenic edema -
stereotactic radio surgery—Parkinson syndrome after
8 months, L-DOPA, progression of bradypsychia —
14 months: SIADH (antidiuretic hormone secretion
syndrom) no changes in MRI (see above), areas of
leukoencephalopathy (secondary to radiotherapy
correlates to hypoperfusion and hypometabolism

Leukoencephalopathy as radiation-
induced brain injury (RBI) mediated
by ischemia and hypometabolism

Clavo et al 2011
Case Report Forsch Kompl Med
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Functional imaging studies show an
increasein blood perfusion and an overall
increase in metabolism after 3 (5) months
of ozone treatment (MAH 3/week; 30 mg/l).




Oxygen, Ozone Molecular Structures
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Toxicity versus therapeutical benefit

Toxicity of ozone by inhalation Therapeutic benefit by special
on the respiratory system and applications
extrapulmonary organs

Long term exposure (8h) etc
with concentrations up to 1 ppm in
animals -

Single dose, low concentration,
low dose -

oxidative dysstress positive oxidative stress

= Chronic Inflammation
- =2 O, OH-radicals...
- dysfunction of antioxidants -

- DOWNREGULATION OF BIOREGULATION OF
ANTOXIDANTS e ANTIOXIDANTS
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Medical Ozone

Medical Ozone is a mixture of pure
Oxygen and pure Ozone

0,05 0/0 03 .' 50/0 03 (VOl)
99,95%0, - 95% O,

1 ug /ml - 100 pg/ml O,



Fathi, Mawsouf 2007

12 sessions
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Fathi, Mawsouf 2007
31 sessions
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Pat. m. 68 J. Peripheral arterial disorders,
Diabetes mellitus

= -

Calderon et al.2002



Concentration (ug/ml) — Efficacy (%) of short time
topically administered
Medical Ozone
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L INTRODUCTION

Ozone in Medicine: The Low-Dose Ozone
Concept—Guidelines and Treatment Strategies

Renate Viebahn-Hansler,! Olga Sonia Ledn Ferndndez,? and Ziad Fahmy’

"Medical Sociely for the Lse of Ozone in Prevention and Therapy, fezheim/Baden-Baden, D-76473, Gemany
*Pharmacy and Food Instiute, University of Havana, Havana 10 400, Cuba
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The low-dose ozome corcept with ity moderate oxidative
stress represents an ideal hormesis stratepy. Dose-response
and concentrotion-efect relafionships in the comfext with
specific applications allow ome o fiv concentration raages
with therapeufical berefil. Based on the well-knowa reachion
mechanizms af ogene, ity biochemical and pharmacelypical
effects, international guidelines have to be defined concern-
ing physiological and ozone resisiant materialy, indications,
applications and the gfective concentration and dosape range
in dependence on the specific indicalions. Following the inter-
mational regalations of opone conceatralions owlfdoors and
indoors, ay working sife concentrations by WHO {(World
Health Orpanizotion) and in conformance with the Medical
Device Directives (MDD) for guality asrurance aad coafnol,
same European Medical Socisties for the Use of Opone have
sof wp a draft for the esseatial requirements for the freat-
ment procedires, including: (o) production af Medical Ogone;
reactivity of O and ozone-resinaal materialy: (b) ozone-free
surroundings (WHO repulations) by the intepration af effec-
mcmﬂ'_rnc.grﬂm {ch ozpne-resistant and physiofogically

materialy used in disposables for MAH, intro-ar-
ticalay, inframescalar and other lopical injections (for rectal
insmifiation, fopical fremment o Proascatoacus pas Bath
and for disinfectionl); (d) medical device directives for safety
of the patizal; (2] ogeag merarement or egdiremeal for con-
ceairmtions and descpes: and, (f) conceatrzlion, dosspes, and
tremimeni frequency are listed in dependence on the indication
and diregse @ well ay on the waderlying mechanism of action.

Keywords Owone, Owmone  Therapy, Guidelines, Hormesis,
Treatment Concepts. Concentration, Dose

INTRODUCTION

When vsed in specific diseases and conditions, medical
orone produces the same or similar therapy results world-
wide. Improper application in the form of erratic methods and
doses is the most frequent cause of ineffectiveness and adverse
effects—and is always the cause of violent controversies.

For this reason, the medical societies for ozone applica-
tion have set up treatment protocols as basis for standands
and guidelines, revised and published as a result of the most
recent research and 30 years of experience (Beck et al. 1998;
Knoch et al. 2009, They have been used in the standardiza-
tion of applications, indications, concentrations, doses, and
frequency of treatment as based on the mechanism of action
and the pharmacology of orone.

1. In its pharmacological effect. medical ozone follows
the principle of hormesis: low concentrations. (or doses)
show a high efficacy. which decreases with increas-
ing concentration, finally reversing into & gquestion-
akle and oven tavie oot Fonre 1% Tha offocot £



CTA-Lower Limbs Arteries

= Rt Peroneal & Ant Tibial

AS:
= Nearly totally occluded all length.

= Rt Dorsalis Pedis A:

= Distally reconstituted in parts.

Fathi, Mawsouf 2007
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Major Auto Hemo-Therapy and Rectal
Insufflation as Systemic
Ozone Applications




Concentration (ug/ml) — Efficacy (%)
of systemically administered
Medical Ozone
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Cellular Ozone effects
in MAH and rectal
insufflation following
the Low-Dose
Concept

,Ozone peroxide”
as second
messenger ROS

Red Blood Cell
||G-6P-DH

!

Oxygen release = Cellular
Oxygen redox

availability immunomodulation  regulation
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Ozonolysis: Ozone + unsaturated fatty acid
W|th |SO|ated dOUble bOﬂd (Crigée Mechanism)
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Complementary Proinflammatory factors

therapeutical l repair
concepts s mechanisms
~ Information to CD4
helper cells as key
regulators of the
piological response , —
/{ NIE2 T
proinflammatory ) ) / )
signal transduction IL-4, 1L-10, IL-
139/IL-1, IL-6,
=~ TNF-a, VEGF,
N » TGF-R eee

tumor promotion, S——
rheumatoid arthritis, / NOe O,
angiopathia, diabetes2 —

age related diseases,
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'R2C'S'H
cysteine

cytokins

-R,C-S-OH

R2C'S'S'CR2

glutathion GSH

Nrf2

TN

antioxidants

,Ozone peroxides*

as
second messenger
species: smROS

Signal transduction
via

nuclear factor NFkB
during stress and
inflammation,

via Nrf2 for regulation
of the
antioxidant system
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Hydroperoxide: OH
H yd
long chain, middle position, =] ..---"‘C —_—0
+ Re radical chain reactions forming /
free radicals, MDA ...
HO

Measure for oxidative

stress ,Ozone Peroxide

Hydroxy hydroperoxide:

short chain, end position,
no radical chain reactions;
reaction with SH-
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,Ozone-Peroxide” LOP as second messenger
,Reactive Oxygen Species”: mMROS

Regulation
of intracellular
antioxidants

such as
Cell
protection = SOD
from excess Catalase
of ROS and as second mROS GSHpx
free radicals GSHred

Improvement of /
antioxidative capacaty



°O, H,0,
RCROOH
\Y/ | DYAY

ox stress markers

Biomarkers of
chronic oxidative
stress situation

SOD
CAT ...

antiox markers

Ozone Indications such as
angiopathia eg diabetic,

Chronic inflammatory processes,
age-related diseases...

Cancer

have one phenomenon in common:

high oxidative stress and antioxidant
insufficiency
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Oxidant — Antioxidant
Balance




Ozone related indications
accompanied by oxidative
dys-stress

RV Medical Society for the Use of
Ozone in Prevention and Therapy

Inflammatory Stimulus

Inflammatory Cytokines
Activation of Infl A l
CZI::a ion gt riammarory N, \ INOS Induction
| | | | .l“ :\ l :\
‘I \ ll' \ | ,-‘" .

Activation of Proinflammatory signal
transduction

Ozone Indications such as
angiopathia eg diabetic,

Chronic inflammatory
processes,

age-related diseases...
Cancer

have one phenomenon in
common:

high oxidative stress and
antioxidant insufficiency



RCROOH &
MDA

oXx stress markers

HO\CH/O—OH
R™ ,ozone
ﬁ\peroxide“
'R2C'S'H 'RzC'S'OH
cysteine R,C-S-S-
Influence on CR,
chronic oxidative |
stress situaiion by glutathion
GSH

ozone

RV Medical Society for the Use of Ozone in Prevention and Therapy

SOD
/AN

antiox markers

no SOD
no CAT
demand!!!

low dose ozone
concept



Plasma markers of injury: reference, DH patients
before and after ozone treatment

(LeGn 2008)
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Progression of AMD

druse
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membrane (drusen)

Bruch’s
membrane -




AGEING AND OXIDATIVE STRESS
Preventive effect of O; by rectal insufflation
on MDA-level in liver, kidney and plasma of aged rats.

| AE;\é%f control Proph{qggt"(c 02 control W lﬁi%Bﬂylactic O3 treated

Values are expressed as percentage of adult control (Yomean + %SE)
a: significant difference from adult control at P < 0.05.

b: significant difference from aged control at P < 0.05. Mawsouf, Safwat et al 2015
c: significant difference from prophylactic O,-control at P < 0.05.




] AGEING and OXIDATIVE STRESS

400 a Therapeutic effect of O; rectal insufflation

MDA-level of liver, kidney and plasma of aged rats.
350

300
250
200
150
100

50

| Aiﬁg& control | Therﬂ%ﬂﬁg 02 control | ﬂl@gﬂ)%utic O3 treated

Values are expressed as percentage of adult control (%omean + %SE)

a: significant difference from adult control at P < 0.05.

b: significant difference from aged control at P < 0.05. Mawsouf, Safwat et al 2015
d: significant difference from therapeutic O,-control at P < 0.05.



AGEING AND OXIDATIVE STRESS
Preventive effect of O; by rectal insufflation
250 on lipofuscin-level in liver, kidgey and plasma of aged rats.
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m Aged céirYi%l m Prophylactic O2 control I(idn‘:i‘/ProphyIactic O3 treated

Values are expressed as percentage of adult control (Y%omean + %SE)

a: significant difference from adult control at P < 0.05.

b: significant difference from aged control at P < 0.05.

c: significant difference from prophylactic O,-control at P < 0.05. Mawsouf, Safwat et al 2015
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AGEING AND OXIDATIVE STRESS
Therapeutic effect of O; by rectal insufflation

on lipofuscin-level in liver, kidney and plasma of aged rats.

mAgl¥ffontrol  mTherapeutic 02  Kifff¥rapeutic O3 treated

Values are expressed as percentage of adult control (Y%omean + %SE)
a: significant difference from adult control at P < 0.05.

Mawsouf, Safwat et al 2015



CTA-Lower Limbs Arteries

= Rt Post Tibial A:

= Patent all through its |length
apart from multifocal dtenotic
segments

= Deep planter branches ale falrly
opacified

Fathi, Mawsouf 2007



Floride Stage of Proctocolitis

Pat. female, 45 yrs. Destruction of epithelium,
cryptal abscesses, massive leucocytic infiltration,
partially under inclusion of the tunica propria (350x)

Control biopsy after 4 weeks: Manifest reversal of
inflammation. Intact epithelium after rectal ozone
insufflation with 20-30 pg/ml and 300 to 500 ml in

volume.
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(Knoch et al. ,Aktuelle Koloproktologie*)



Colitis stage |

Number of patients
n =248

200

150 1

100 A

50 -

= . 1 serie = 10 treatments

time of remittence
In months

Ozone
55
! Salazosulfapyridin group

10

(=] N F- (=2} o

(Knoch et al.1995)
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Treatment success following 6 months

before O,/O5-injection 6 months after O,/O5-injection

Lehnert, Vogl et al 2007




A Metaanalysis of the Effectiveness and Safety of
Ozone Treatments for Herniated Lumbar Discs

Jim Steppan, PhD, Thomas Meaders, BS, Mario Muto, MD, and Kieran ]. Murphy, MD, FRCPC

PURPOSE: To determine statistically significant effects of oxygen/ozone treatment of herniated discs with respect to
pain, function, and complication rate.

MATERIALS AND METHODS: Random-effects metaanalyses were used to estimate outcomes for oxygen/ozone
treatment of herniated discs. A literature search provided relevant studies that were weighted by a study quality score.
Separate metaanalyses were performed for visual analog scale (VAS), Oswestry Disability Index (ODI), and modified
MacNab outcome scales, as well as for complication rate. Institutional review board approval was not required for this
retrospective analysis.

RESULTS: Twelve studies were included in the metaanalyses. The inclusion/exclusion criteria, patient demographics,
clinical trial rankings, treatment procedures, outcome measures, and complications are summarized. Metaanalyses
were performed on the oxygen/ozone treatment results for almost 8,000 patients from multiple centers. The mean
improvement was 3.9 for VAS and 25.7 for ODL The likelihood of showing improvement on the modified MacNab
scale was 79.7%. The means for the VAS and ODI outcomes are well above the minimum clinically important
difference and the minimum (significant) detectable change. The likelihood of complications was 0.064%.

CONCLUSIONS: Oxygenlozone treatment of herniated discs is an effective and extremely safe procedure. The
estimated improvement in pain and function is impressive in view of the broad inclusion criteria, which included
patients ranging in age from 13 to 94 years with all types of disc herniations. Pain and function outcomes are similar
to the outcomes for lumbar discs treated with surgical discectomy, but the complication rate is much lower (<0.1%)
and the recovery time is significantly shorter.

] Vasc Interv Radiol 2000; 21534 -548




PO, Gradient in
Myogelosis

PO, =38, 5mm Hg (n = 20)
chronically hypertonic muscle
PO, =5 mm Hg (29,5 in healthy patients n = 10)

2

Aus Balkanyi 1999 nach
rv OZONOSAN Brickle et al 1990



A Metaanalysis of the Effectiveness and Safety of Ozone
Treatments for Herniated Lumbar Discs

J Vasc Interv Radiol 2010; 21:534-548

RESULTS:
Metaanalyses were performed on the oxygen/ozone

treatment results for almost 8,000 patients from multiple
centers.

CONCLUSIONS: Oxygen/ozone treatment of herniated discs is
an effective and extremely safe procedure. Pain and
function outcomes are similar to the outcomes for lumbar
discs treated with surgical discectomy, but the complication
rate is much lower (<0.1%) and the recovery time is
significantly shorter
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antioxidants

,Ozone peroxides*

as
second messenger
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Signal transduction
via

nuclear factor NFkB
during stress and
inflammation,

via Nrf2 for regulation
of the
antioxidant system



OZONE AS A COMPLEMENTARY STRATEGY
to therapeutical concepts in chronic inflammatory

Inhibition
of pro inflammatory
targets

NF-kB -
proinflammatory
pathways

Arachidonic acid
metabolism

Inflammatory
cytokines

VEGF antagonists
TNFa-, 11-6, IL-1 (
-R)
antagonists........

Boost of
antiinflammatory
pathways

AULUPITayuLyLluSIS

T-cells

CSF1 (-R), IL-4 (-R)
antagonists.....

B cell depletion
vaccines......

Acc. to Coussens et al.Science 2013
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Reprogramming /
depleting immune
cells

Blocking immune
cell recruitment-
CSF1 (-R)
antagonists....

Inflammasome
inhibitors
...reprogramming
of type 2
macrophages
TH2>>>TH1
reprogramming
..IL-4, 1L-13, IL-10
antagonists



OZONE AS A COMPLEMENTARY STRATEGY
to therapeutical concepts in chronic inflammatory

Inhibition
of pro inflammatory
targets

NF-kB -
proinflammatory
pathways

Arachidonic acid
metabolism

Inflammatory
cytokines

VEGF antagonists
TNFa-, 11-6, IL-1 (
-R)
antagonists........

Boost of
antiinflammatory
pathways

Autophagocytosis

T-cells

CSF1 (-R), IL-4 (-R)
antagonists.....

B cell depletion
vaccines......

Acc. to Coussens et al.Science 2013
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Reprogramming /
depleting immune
cells

Blocking immune
cell recruitment-
CSF1 (-R)
antagonists....

Inflammasome
inhibitors
...reprogramming
of type 2
macrophages
TH2>>>TH1
reprogramming
..IL-4, 1L-13, IL-10
antagonists






IFN- in u/ml Interferon-y

60

50 In whole blood at

40 different ozone

s concentrations
after 72 hours of

20 incubation

. __mHn

B (Bocci 1990)
- 2,2 11,5 42 108

control
Ozone in pug/ml

IFN-y, mobilized by TH1 /TC1 (effector cells), may partly reverse
Immunosuppression, antiangiogenic activities, enhancing
tumoricidal properties of macrophages.
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Complementary Proinflammatory factors

therapeutical l repair
concepts e mechanisms
~ Information to CD4
helper cells as key
regulators of the
piological response , ==
/{ NIE2 T
proinflammatory ) ) / )
signal transduction IL-4, 1L-10, IL-

13=>/IL:1, IL -6,
—~ TNF-a, VEGF,
= T YGRS e
tumor promotion, g
rheumatoid arthritis, =~ NOe 0,°
angiopathia, diabetes2 —

age related diseases,
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The effect on cytokins 180 days RA

120

100

80 -

60 -

40

20

Inhibition in %

IL-1 IL-6 TNF

Diclofenac

® Ozone

®EMTX+Ozone

BMTX+Ozone+Enbrel

Fahmy 2010



Main Indications of Medical Ozone 1

Main Indications

Underlying Mechanisms
of Action

Angiopathia, diabetic
angiopathia

In particular,

Arterial circulatory disorders

* Improvement of oxygen release
by activation of RBC metabolism,

= Regulation of angiogenesis,

* Regulation of ROS, antioxidants
and radical scavengers

Chronic forms of Hepatitis B
and C, Herpes zoster

» Release of cytokins such as
interferons and interleukins by
activation of iImmunocompetent
cells,

» Increase of antioxidant capacity

RV Medical Society for the Use of Ozone in Prevention and Therapy




Main Indications of Medical Ozone 2

Main Indications

Underlying Mechanisms
of Action

Supportive therapy in cancer
patients,

Prevention of side effects of
chemotherapy

and/or radiation

* Improvement of oxygen availability

» Regulation of angiogenesis,

» [ncrease of antioxidant capacity by
activation of biological
antioxidants

= Modulation of the immune system

Supportive therapy in
rheumatoid arthritis and
Inflammatory conditions

= gonarthrosis
= traumatic knee disorders

» Modulation of the immune system,
by activation of immunocompetent
cells #interferons andinterleukins..

» Release of TGF-I3

» Increase of antioxidant capacity




Main Indications of Medical Ozone 3

Main Indications

Underlying Mechanisms
of Action

External ulcers and skin lesions

» Disinfection

= wound cleansing

* improved wound healing
(mechanisms see above)

Dental medicine

= following tooth extraction
= pbuccal infections

= aphtae

= parodontosis

»Disinfection

= wound cleansing

" improved wound healing
(mechanisms see above)




Major Auto Hemotherapy as Standardized
Form of Systemic Ozone Application

50 (100) ml blood + 50 ml (100) Ozone-
oxygen-mixture following the guidelines for
ozone therapy

Ozone-conc. 10-20 30 -40

per ml gas ng/ml gas ng/ml gas
Ozone conc. 10-20 30 -40

per mlblood  pg/ml blood ng/ml blood
(biologically

relevant)

Total ozone 500 - 100 1500 - 2000
amount g per Mg per

per 50m| treatment treatment

blood




