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The monograph "Medical gases. The differences and the unity of the
therapeutic  action  of  ozone,  xenon  and  hydrogen  ",  edited  by  prof.  EI
Nazarov is devoted to clinical  aspects,  mechanism of action,  physical  and
chemical  properties  of  medical  gases.  Currently,  in  the  world  is  actively
working on the introduction of ozone therapy methods, treatment with xenon
and  hydrogen.  These  new  treatment  methods  are  finding  increasing
application in the clinical practice of various diseases. Medical gases have a
wide variety of therapeutic effects.  They have antibacterial,  antiviral,  anti-
inflammatory  and  immunomodulatory  effects,  improve  microcirculation,
promote  the  correction  of  lipid  peroxidation  and  increase  the  activity  of
antioxidant  defense  system.  All  this  makes  it  possible  to  use them in the
treatment of diseases.

 The  offered  to  your  attention  the  book  provides  an  overview  of
available data on the use of ozone, hydrogen, helium, argon, xenon and other
gases for medical purposes in practical public health. The book will be useful
for a wide range of professionals involved in research, physicians, residents,
medical students.

Reviewer Vinnik Yuri Semenovich, MD, Professor, Head. Department
of General  Surgery of  the Krasnoyarsk State Medical  University,  honored
doctor  of  Russia,  the  Academy of  Natural  Sciences,  Honored  Worker  of
Science.
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ABBREVIATIONS

AT – arterial tension

ADP – adenosine diphosphate

ALT – alanine aminotransferase

AOD – antioxidant defense

AOS – antioxidant system

ACT – aspartate aminotransferase

ADP - adenosine triphosphate

ROSs – reactive oxygen species

IUI - intrauterine irrigation

IVI – intravaginal irrigation

DNA – deoxyribonucleic acid

CHD – coronary heart disease

ALV – artificial lung ventilation 

IR –  infrared  

VC – vital capacity of lungs

GI – gastrointestinal tract

MAC - minimum alveolar concentration

MAPK – mitogen-activated protein kinases

MIVL - maximum internal volume of the lungs

mRNA – messenger RNA

MCAO – occlusion of medial cerebral artery

NARO – nonspecific adaptive reactions in the body

OOM – ozone oxygen mixture

OSS – ozonized saline solution

LP – lipid peroxidation

PCR – polymerase chain reaction
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RNA – ribonucleic acid

FR – free-radical 

HAM – the indicator of the state of health, activity and mood test 

SDG – succinate dehydrogenase

UV – ultraviolet

SS –  saline solution

NMR – nuclear magnetic resonance

AHT-O3 – big autohemotherapy with ozone

ASA –  American Society of Anesthesiologists

i/v OSS – intravenous injection of ozonized saline solution

CAT – catalase

LDL –  low density lipoproteins

MDA – malondialdehyde

МРО – myeloperoxidase

NADPH – restored nicotinamide adenine   dinucleotide phosphate,

NMDA – NmethylDaspartate

SOD – superoxide dismutase

STID – intelligence test 

TNF-α – tumour-necrosive factor-α 

VAS – visual analogue scale

VASPIAN – visual analogue scale of pain
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In the blessed memory of 

Vladimir Ivanovich Panteleyev,

The pioneer in production of medical ozone generators in Russia

This short review is focused on the use of medical gases. The gases that
are  called  “medical  gasses”  are  oxygen,  ozone,  hydrogen,  monoxide  and
carbon dioxide,  hydrogen sulfide,  carbon disulfide,  nitrous  oxide,  helium,
argon, krypton, xenon and radon [1]. Some of these gases are already used in
practical medicine (oxygen, ozone, nitrous oxide, xenon and radon). Others
are  the  subject  of  research  in  the  field  of  physiotherapy,  balneology,
biochemistry, medical emergency, etc. [2,3,4].  From the chemical point of
view, the medical gases may be oxidizing agents (ozone or nitrous oxide),
reducing agents (hydrogen and hydrogen sulfide) and inert substances (noble
gases).  In [5]  it  is  assumed that  the above gases  are  distinguished by the
presence of antioxidant properties. However, this is not the only feature that
is characteristic of medical gases. Let us take ozone and xenon, for example.
The former is the strongest oxidizer, and the latter is an inert gas. It would
seem difficult to find two substances with such different chemical properties,
however,  the spectra of  their  physiological  activity are close enough [6,7]
(see Fig. 1). Some physiological properties of xenon, oxygen and hydrogen at
low dosages are indicated in the Table in Fig. 1.

Fig. 1. Spectrum of physiological activity of xenon, hydrogen and ozone. “?”
means that the property of the corresponding gas is not described in scientific

literature.
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For ozone,  the “therapeutic window” corresponds to dosages of  1-20

mkg/kg when the gas is parenterally administered into the body. Hydrogen is

a natural metabolite of the intestinal microflora, its therapeutic concentration

is determined by its natural rate in blood, which is about 20 ppm. For xenon,

the described effects are observed at a relatively low (1/10-1/3 of the MAC

minimum  alveolar  concentration)  content  of  inert  gas  in  the  breathing

mixture.  In  respect  of  xenon,  hydrogen  and  ozone  it  is  known  that  the

increase in their dosages gives completely different results – drugged state,

and oxidizing and reducing stress, respectively. 

Thus,  high  dosages  of  xenon,  ozone,  and  hydrogen  exhibit  the

properties,  which  are  directly  or  indirectly  associated  with  their  chemical

nature.  What  is  then  the  reason  for  such  paradoxical  convergence  of  the

pharmacological  spectrum  of  the  named  gases  at  low  dosages?  At  the

moment, there is no answer to this question, although the practice of using

ozone and xenon in medicine goes back for more than a dozen years, and has

even led to the emergence of such sustainable terms as ozone therapy and

xenon therapy [6,7]. Studies of hydrogen’s physiological activity have begun

relatively recently [8], but judging by the dynamics of growing number of

publications  on  the  spectrum  of  pharmacological  activity  and  clinical

application the hydrogen therapy in the near future will become as familiar a

term as ozone therapy. Nobel Prize winner Linus Polling believed that xenon

anesthesia was the key to understanding the phenomenon of anesthesia itself

[9]. According to Polling, the basis for this conclusion is the combination of

the anesthetic properties and chemical inertness of xenon. Such combination

devalues the role of chemical reactions in the anesthetic action realization,

thereby  focusing  on  the  system  changes,  including  structural  ones,  in

biological membranes, cells and the organism as a whole. It appears that this

approach may be useful  for  understanding the therapeutic  action of  noble

gases  on  the  one  hand,  and hydrogen and  ozone  on the  other.  To put  it

otherwise, xenon physiological effects can be the key to understanding the
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systemic effects of ozone and hydrogen. The review also considers the data

on  biological  effects  of  lower  homologues  of  xenon:  krypton,  argon  and

helium. This  work consists  of  four chapters.  The first  three deal  with the

currently  available  data  on  the  pharmacological  activity  spectra  of  noble

gases, ozone and hydrogen. In the last Chapter we are attempting a synthesis

of the said data based on ideas of their non-specific adaptive effects.

Chapter 1. PHYSIOLOGICAL ACTIVITY OF INERT GASES

Usually,  homologous  series  of  physiologically  active  chemicals  have

characteristic pharmacological properties. In view of the increased interest in

the use of noble gases in medicine, the question arises: is it possible to speak

of a single type of these gases pharmacological activity? Let us compare the

most  important  characteristics  of  inert  gases  and the air  main component,

nitrogen, which is also inert under normothermic conditions (Fig. 2). Inert

gases can be divided into two groups: light (helium and neon) and heavy ones

(krypton and xenon). Given this, argon holds intermediate position, which is

close to that  of  nitrogen,  when physico-chemical  properties  are concerned

(Fig. 2). To the left of argon in the series He, Ne, Ar, Kr, Xe the properties

that contribute to external respiratory function are increasing, the density of

the gas is decreasing with increasing diffusion coefficient. This reduces the

cost of muscular energy used to perform respiratory movements (on account

of reducing pressure drops and resistance to breathing). It also enhances the

gas mass transfer in bronchioles, diffusion of oxygen and carbon dioxide in

the intra-alveolar space improving gas exchange and blood acid-base balance.

To  the  right  of  argon,  the  reverse  is  observed:  the  density  increases  and

diffusion coefficient decreases. On the other hand, to the right of argon, rises

the gas lipophilicity, which commonly correlates with anesthetic properties of

the  substances,  and  the  critical  pressure  required  for  the  manifestation  of

anesthesia naturally reduces. To the left of argon, these parameters vary in the

opposite direction. Thus, the full or partial replacement of nitrogen by inert
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gases in a series of He, Ne, Ar, Kr, Xe will increase the anesthetic ability of

the  mixture,  the  qualities  that  contribute  to  the  external  breathing  being

progressively negated. When nitrogen is replaced by the same gases in the

series Xe, Kr, Ar, Ne, He, the mix qualities promoting external respiration

will  increase with progressive negation of its anesthetic properties.  In line

with this, the highest expression of the qualities that contribute to the external

breathing  (with  a  minimum  of  anesthetic  properties)  should  be  observed

when  replacing  nitrogen  by  helium,  and  the  highest  expression  of  the

anesthetic  properties  (with  a  minimum  of  qualities  promoting  external

respiration) will result from the replacement of nitrogen by xenon.

Thus,  the common mechanism of inert gases physiological  effect can

only  be  spoken  about  in  the  dialectical  sense  like  stating  that  there  is  a

combination of halide and metal properties of the elements in the periodic

system. But in practice, the anesthetic properties of helium are so small that

they  can  be  neglected,  and  the  therapeutic  properties  of  this  gas  are

completely determined by its effect on the functional state of the respiratory

apparatus. Similarly, the physiological properties of xenon should be sought

among the molecular phenomena characteristic of anesthetics.

Fig. 2. Physical and chemical properties of inert gases and nitrogen

In order to recreate according to the literature a picture of the inert gases

physiological  activity  as  complete  as  possible, the  above  considerations

should constantly be born in mind.
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A Brief History of Xenon Introduction in Medicine

The word “xenon” is derived from the Greek ξένος meaning “strange”.

Xenon was opened as an impurity to krypton in 1898 by the English chemists

William Ramsay and M. Travers. Xenon exists in the form of 9 isotopes, the

most common of which is Xe 132. The density of xenon is 5.39 g/l, boiling

and melting points 108.1ºC and -111.7ºC. Xenon is produced by cryogenic

technology using the method of fractionating a gas residue formed during the

production of liquid oxygen for the needs of industry. Xenon is quite a rare

element, under normal conditions 1,000 m3 of air contain about 87 cm3 of

xenon. The narcotic properties of xenon were predicted in 1941 by N. V.

Lazarev  [10],  the  Soviet  scientist,  Professor  of  the  Department  of

Pharmacology at the Naval Medical Academy. Studying the interdependence

of the inert gases pressure required for the drug effect manifestation and their

atomic  weights  (helium>100  atmospheres,  argon  –  16-18  atmospheres,

krypton  –  3.5  atmospheres),  the  scientist  suggested  that  xenon  can  cause

narcosis at the atmospheric pressure. N. V. Lazarev experimentally proved

his assumption by making a lab rat narcotic state in an atmosphere containing

67% xenon and 33% oxygen. In 1946 at a meeting of the Leningrad Scientific

Society N. V. Lazarev reported on narcotic effect of xenon. The results of N.

V.  Lazarev’s  research  were  generalized  in  [11].  In  1946,  the  narcotic

properties of gas mixtures (78% Xe, 22% O2) were described by a group of

American  researchers  under  the  leadership  of  J.  H.  Lawrence  after  their

experiments on laboratory mice [12]. After 5 years the narcotizing properties

of  xenon were  demonstrated on volunteers  [13].  In  their  work,  American

researchers S. Cullen, and E. Gross showed on two patients (male, 81, and

female, 38) that the inhalation of a mixture of 80% of xenon and 20% of

oxygen caused complete anesthesia in 3 and 5min, respectively. It is shown in

[14] that xenon as an anesthetic is 1.5 times superior to nitrous oxide (MAC

of xenon and nitrous oxide are 71% and 104%, respectively). Xenon is an

inert gas and therefore it is not metabolized in the body. The information on
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the xenon pharmacokinetics is still very modest and limited to the data on

time required for the development (3-5 minutes) and termination (2 minutes)

of  the  anesthetic  action  during  an  inhalation  with  xenon-oxygen  mixture

60:40 or 70:30% [13]. MAC of xenon is defined as 71% [14], 63% [15] and

55-65%  [16].  A  possible  reason  for  this  variation  is  the  well-known

dependence  of  MAC  on  a  number  of  factors  including  temperature,

electrolyte balance and age. For example, according to [17] MAC decreases

by 6% for every 10-year increase in the patient age. It is believed that the

patient's  lungs  are  freed from 95% of  xenon volume within the  first  few

respiratory excursions after  the inhalation completion [18].  Further,  xenon

elimination from the body continues until it reaches an alveolar concentration

equal to 33%, when xenon concentration in the brain is reduced to a level

commensurate with that of the recovery [19]. Systematic studies into the use

of xenon in the practice of anesthesia were deployed in the USSR and then in

Russia in the late eighties – early nineties. The first doctor dissertations on

the xenon anesthesia technique appeared in Russia in 1993. In 1999, medical

xenon was approved for use as a means for general inhalation anesthesia by

the Order of the Ministry of Health of the Russian Federation No. 363. By

2012, more than 10,000 operations with the use of xenon had been conducted

in  Russia  [20].  Xenon  displays  toxicity  neither  in  acute  nor  in  chronic

experiments  on small  or  large animals [21].  It  has neither  teratogenic nor

mutagenic  effect,  no  embryotoxic  action,  it  is  devoid  of  allergenicity  and

carcinogenicity, exerts moderate immunostimulatory effect [22], and does not

influence  respiratory  function  [23].  Official  recognition  of  xenon  as  an

anesthetic and its subsequent clinical application have revealed a number of

physiological  effects  that  open  the  perspectives  of  xenon  therapeutic

applications as an effective means for relief of withdrawal syndrome [24] and

using post xenon therapy in complex treatment of somatic patients [25].
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The Anesthetic Effect of Xenon

Xenon like other anesthetics is characterized by high solubility in non-

polar substances and low solubility in the polar ones. Thus, the solubility of

Xe in olive oil is 1,700 cm3/l compared to 85 cm3/l in water. At the same

time, the distribution coefficient in the blood – gas system makes 0.115 [26],

which favorably distinguishes xenon from the most common anesthetics N2O

(0.47),  sevoflurane  (0.65)  and  desflurane  (0.42).  The  low  value  of  the

distribution coefficient enables the anesthesiologist to manage the stages of

anesthesia as quickly as possible, and also provides for the rapid elimination

of anesthetic from the patient’s organism after the inhalation is terminated.

Another important  advantage of  xenon anesthesia  is  its  minimal effect  on

hemodynamics. Comparison of anesthesia with nitrous oxide and xenon in

the groups of patients corresponding to classes I and II of ASA classification

showed that  xenon has  little  influence  on the  heart  rate,  arterial  pressure,

arterial partial pressure of oxygen and carbon dioxide. It is also shown that

xenon, unlike nitrous oxide,  does not  increase the level  of  adrenaline and

cortisol  in  the  blood.  The  authors  conclude  that  the  hemodynamic,

neurohumoral, and antinociceptive properties of xenon are much higher than

those  of  nitrous  oxide  [27].  This  allows  for  more  extensive  and  heavy

operations  or  expanding  the  indications  for  endoscopic  access  in  the

operations  that  require  a  special  position  of  the  body  (Trendelenburg

position)  [28].  In  2010,  with the permission of  the Ministry of  Health  of

Russian  Federation,  the studies of  the use of  xenon anesthesia  in surgical

interventions  in  children  were  launched.  In  the  course  of  the  studies  63

abdominal,  18  reconstruction-and-plastic  and  16  neurosurgical  operations

with the use of the mask, laryngomask and endotracheal types of anesthesia

were carried out. The average duration of anesthesia is about 118 minutes.

The concentration of medical xenon (KseMed®  brand) – 60-67%. A group

including 107 children aged 1 to 17. The clinical, biochemical, cardiographic

and hemodynamic studies in the group showed that the general anesthesia
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with the use of xenon ensures effective protection of the child from operative

traumas, is safe, easily managed and can successfully be used in pediatric

anesthesia  [29]. High controllability of the xenon anesthesia  with minimal

hemodynamic  effects  provides  an  early  and  comfortable  postoperative

patients’  recovery.  Another  positive  feature  of  xenon  is  the  low value  of

MAC at recovery when the patient opens the eyes on verbal command. The

value of xenon recovery MAC makes 33%, while for nitrous oxide it is 63%

[30].  [31]  provides  the  requirements  to  the  "ideal  anesthetic"  set  by  the

modern level  of  anesthesiology development.  The author believes that  the

"ideal anesthetic" should be characterized by: 

a) causing rapid and comfortable induction, 

b) easily controlled duration of anesthesia, 

c) easily measurable and changeable depth of anesthesia, 

d) the simplest possible method of drug administration, 

e) no side effects of the drug, if possible, 

f) no toxic metabolites in the drug, 

g) absence of the drug excretion relation to the function of  liver or

kidneys, 

h) sufficiently specific effect of the drug, and

i) sufficiently wide therapeutic action. 

Xenon meets the above listed signs of an "ideal anesthetic" on all items

with  the  exception  of  item "d"  concerning the  methodology of  inhalation

anesthesia application using a closed breathing circuit caused by the high cost

of  xenon.  Saving  the  high  cost  of  xenon  anesthesia,  which  can  be

significantly  reduced by application  of  recycling  methods  (see  "Hardware

Provision of Xenon Anesthesia and Therapy"), now xenon is considered as an

ideal  inhalation  anesthetic,  or  the  anesthetic  of  the  21st  century  [32,33].

According to the Methodological Recommendations adopted in the Russian

Federation [22], xenon anesthesia may be used:

●  in  general  surgery,  urology,  traumatology,  orthopedics  and
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emergency surgery, especially when the patients with concomitant diseases of

the cardiovascular system included in the high-risk group are concerned; 

●  in  neurosurgery  of  the  central  and  peripheral  nervous  system,  in

particular when using microsurgical techniques, when verbal contact with the

patient is necessary for the differentiation of sensory and motor bundles in

operations on nerve trunks; 

● in pediatric surgery with the mask and endotracheal versions; 

● in obstetrics and operative gynecology (operative delivery, abortion,

extended  operations  in  gynecology,  diagnostic  studies  and  pain  relief  in

labor); 

●  in  painful  manipulations,  dressings,  biopsies,  treatment  of  burn

surface; 

●  for  therapeutic  purposes  when  removing  a  pain  attack  (during

traumatic shock, angina pectoris, myocardial infarction and renal and hepatic

colic),  as  well  as  for  motor  aphasia,  dysarthria  treatment,  removal  of

emotional stress and other functional neurological disorders;

●  xenon  can  be  used  both  for  the  mononarcosis  version  while

maintaining  spontaneous  breathing,  and  in  combination  with  various

anesthesia intravenous drugs. 

   Sequential development of anesthesia stages associated with a natural

increase of xenon concentration in tissues and differences in xenon sensitivity

of  the  nerve  formations  in  various  localization  is  described  in  [22].  The

neurons of the gray matter, posterior roots and gelatinoid substance of the

spinal cord have the greatest xenon sensitivity. The great sensitivity of these

tissues enables achieving a noticeable level of anesthesia with as little xenon

concentration as 0.5% [34]. The phenomena of paresthesia and hypoalgesia

are the reflection of xenon binding in the neural structures of the spinal cord.

This  is  the  first  stage  of  anesthesia.  It  is  accompanied  by  peripheral

paresthesia,  numbness  of  the  skin,  flaccidity  and  weakness  in  the  legs,  a

feeling of pressure in the epigastric region and heaviness diffused throughout
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the body. The noise in the ears and head squeezing are felt. A sensation of

inebriation and incoordination appears. The consciousness remains clear, the

breathing is even, the skin is warm and dry, the pulse is slightly elevated and

hypoalgesia is growing. The pain threshold increases by 2 times. The further

rise  of  xenon  level  in  tissues  involves  the  reaction  of  the  brain  stem

structures.  This  is  clinically  evidenced  by functional  developments  in  the

operation of reticular formation, centers of blood circulation and respiration –

hyperpnea,  bradycardia,  euphoria,  logorrhea.  This  is  the  second stage  of

anesthesia. At this  stage analgesia  continues to  grow. The pain threshold

increases by 3 times. A rush of joyful emotions and the feeling of bliss are

noted.  Stiffness,  lethargy  and  dysarthria  caused  by  the  inhibition  of  the

glossopharyngeal nerve gradually rise. The muscle tone increases. The breath

deepens  and becomes uneven.  In this  phase,  dream episodes  are  possible,

patients with liable psyche can fall into a state of sadness and crying. The

skin is dry, warm and pink. AT is somewhat higher and the pulse is rapid.

Continued inhalation affects the hypothalamus and optic thalamus.  This is

the  third  stage  in  the  development of  xenon  anesthesia  –  complete

analgesia  and partial  amnesia.  At the beginning of  the third stage,  on the

background  of  complete  analgesia,  stabilization  of  blood  circulation

parameters and recovery of the breathing automatism take place.  EEG  and

BIS-spectral  index correspond to 60 -  70% of sedation,  which is close to

natural  sleep.  In  the  first  phase  of  the  third  stage  the  consciousness  is

preserved, for the second one lapses in consciousness are characteristic, and

the supervision of a physician-anesthesiologist is required. The third stage of

anesthesia  passes to the fourth stage – the state of complete analgesia and

amnesia.  The latter  corresponds to level  1 of the ether anesthesia  surgical

stage of (according to  Guedel's  classification). The consciousness is being

lost, and the pharyngeal and corneal reflexes disappear. Pupils are narrowed.

Breathing is rhythmic. Muscle tone is reduced and the jaw sinks down. AT

and pulse normalize. The skin is dry, pink and warm. The patient does not
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respond  to  surgical  manipulation.  The  first  stage  develops  from  the  first

minute. The second stage begins from the 2nd-3d minute, the 3d and 4th stages

end the 5th-6th minute of inhalation of a mixture consisting of 70% of xenon

and  30% of  oxygen  [20,34,22].  The  time  of  occurrence  of  the  described

xenon anesthesia four stages reflects the dynamics of its accumulation in the

excitable formations of the spinal cord and brain when the concentration of

xenon in the breathing mixture is 70%. When using lower concentrations of

the  inert  gas,  the  same stages  are  achieved  during longer  time.  Upon its

expiration  the  reached  condition  remains  stable  for  an  indefinite  period,

which opens up the possibility of using the xenon anesthesia first and second

stages in order to relieve pain and neuropsychological tension in surgery.

In this case, xenon is applied in the postoperative period, at the stage

when  the  injected  anesthetics  analgesic  action  is  reducing.  The  authors

showed that 3 to 5-minute inhalation of the gas mixture containing xenon at a

concentration of 25% from the third minute of inhalation decreases the pain

intensity from 68.8±12.7 to 22.2±6.6 by the visual analogue scale (VAS). The

duration of the effect makes 2.8±1 hour [35].

Upon  the  xenon  inhalation  termination,  the  anesthetic  is  rapidly

eliminated from the body, and when the xenon concentration in the exhaled

air  reaches  33% the  recovery  accompanied  by pleasant  sensations  on  the

background of prolonged analgesia occurs [36]. Of course, the practical use

of  xenon  anesthesia,  like  any  practice,  presents  many  technical  and

methodological  problems,  the  most  important  of  which is  the  problem of

accumulation of the “third” gas – nitrogen, methane, ethanol,  acetone and

other  gaseous  metabolites  where  surgical  operations  last  for  hours  [37].

Given that MAC of xenon is approaching 70% and the quantity of the "third

gas" in an operation that lasts for hours may attain 15 - 25%, it is obvious that

the  anesthesiologist  facing  the  choice  between  hypoxia  and  the  patient’

recovery will naturally be forced to purge the respiratory system with oxygen

with the prior transition to the intravenous anesthesia option. Xenon, that was
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in the loop will be lost under such circumstances, and the anesthesiologist

will have to urgently resolve many problems caused by direct change of the

gaseous  anesthetic  by intravenous one and vice versa.  From the technical

point of view, the problem does not seem insoluble, and we hope that the new

generation of devices for anesthesia will leave these problems in the past.

The Use of Noble Gases in Therapy

The bulk of the literature on therapeutic uses of noble gases refers to

the  clinical  effects  of  xenon.  Given  the  high  cost  of  xenon,  the  primary

question that  precedes  the use of  xenon inhalations is the question of  the

"therapeutic window" of the xenon concentration in the breathing mixture. In

[38] the definition of "therapeutic window" was based on the xenon MAC

value for rodents and humans, as well as on the value of the xenon threshold

concentration for stopping the nervous cells lesions resulting from occlusion

of  the  middle  cerebral  artery  (MCAO).  As  rats  recover  from  the  xenon

anesthesia when the content of xenon is 86% [39], and man at 33% [40], and

the neuroprotective concentration of xenon obtained in the model of MCAO

is evaluated at 50%, it can be assumed that the xenon -oxygen mixture of

19%  and  81%  will  be  effective  in  the  treatment  of  ischemic  strokes.

Similarly, based on empirical relationships between the temporary window of

neuroprotection opportunities for rodents and humans, the authors estimated

the time interval after a stroke for 8-12 hours.

The Use of Xenon, Krypton and Argon in Neurology

The  timely  use  of  xenon  inhalation  at  the  early  stages  of  the

postischemic  brain  damage  development  is  still  quite  rare.  However,  the

clinical  experience  of  xenon  and  other  inert  gases  application  in  the

rehabilitation of patients with neurological diseases is gradually accumulated.

Used for these purposes are xenon-oxygen mixtures with a content of xenon

from  30%  to  70%  of  MAC.  As  it  was  mentioned  above,  there  are

prerequisites for using much lower concentrations of xenon. For example, in

[41] it is shown that to obtain a good xenon therapeutic effect on the patient’s
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organism a sufficient concentration is Xe (5-10) % and O2 (95-90) %. The

patient being in clear consciousness inhale the mixture through a mask or

mouthpiece  on  a  closed  circuit.  A  stable  remission  of  patients  with  age-

related  atrophy  of  the  cerebral  cortex,  with  Parkinson's  disease  and  post

hypoxic  encephalopathy  has  been  achieved.  A  course  of  xenon  therapy

consisting of five 10-minute breathing procedures of xenon-oxygen mixtures

relieved  the  clinical  manifestations  of  encephalopathy  –  violations  of

coordination and articulation. The patients’ blood hyperlipemic profile and

blood  pressure  were  normalized,  blood  microcirculation  and  tissue

oxygenation were improved, and regenerative processes were accelerated by

3 times. 

   Neuroprotective  mechanism  of  xenon  action  is  currently  associated

with the inhibition of NMDA receptors [42] (Fig. 3).

Fig. 3. Mechanism of xenon neuroprotective action.

Adapted from [42].

As can be seen from the Diagram, one of the consequences of NMDA

receptor  activation  is  an  increase  in  the  intracellular  concentrations  of

calcium,  which plays  the  central  role  in  the  development  of  cell  damage

during hypoxia.  Probably,  the inhibitory effect  of  xenon atoms on this  or
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other  Ca2+-dependent  receptors  is  explained  by  the  dependence  of  xenon

organo-protective efficiency on the calcium concentration in the extracellular

environment [of 43.44]. 

A comparison of the xenon and argon effects on the same model of brain

traumatic injury showed that the neuroprotective effect of argon may not be

associated with amino acid neuromediation [45]. It is possible that a different

biochemical mechanism is responsible for this effect. In model studies it was

shown that xenon inhibited the development of the tissue damage caused by

ischemia  to  the  neural  cells  [46].  Not  only  xenon,  but  also  argon  exert

neuroprotective effects on the models of cerebral hypoxia of newborns, and

argon is even more efficient than xenon [47]. In this work, the hypoxic insult

was caused by ligation of the right carotid artery of rats.  Inert gases were

administered  within  two  hours  after  the  ligation.  The  analysis  of  the

hippocampal  cells  histology  showed  a  strong  neuroprotective  effect  in  a

series of argon>xenon>helium. In experiments in-vitro on the brain ischemia

model, which consisted in exposure of brain slices of a newborn mice under

deprivation  of  the  oxygen  and  glucose  supply  [48],  they  also  showed

neuroprotective activity of xenon and argon, but not krypton, neon or helium.

Probably, the neuroprotective activity of argon and xenon is of a different

nature. One aspect of the neuroprotective action of) and xenon can be the

noted  in  [49]  activation  of  protein  kinase  C  (PKC-epsilon)  and  mitogen

activated protein kinase (MAPK).

    In several works it was observed that Xe increases the body's resistance

to hypoxic mixtures [50]. The results obtained in the model experiments on

cell cultures and animals give reason to hope for the protective effect of Xe

from the consequences of perinatal asphyxia and reduction of neurological

deficits  in  newborns  who  have  experienced  intrapartum  hypoxia  [51].

Another phenomenon noted in the study of argon physiological activity is the

increase in oxygen consumption when performing mechanical  work under

conditions  of  hypoxia  [52].  The  biochemical  mechanism  underlying  this
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effect is  associated with the argon activation of  the activity of respiratory

enzymes  succinate dehydrogenase and NADHP, which is  expressed in the

increase  of  their  activity  in  argon-containing  hypoxic  environment  as

compared with the nitrogen-containing mixture with the same composition of

oxygen  [53].  The  efficiency  of  xenon  application  in  neurology  is  well

illustrated by the data given in the patent [54].  Inhalations of xenon have

several therapeutic effects on the body of the patients with chronic fatigue

syndrome and concomitant somatic pathology (Table 3).  

Table 1.  Rehabilitation positive (+) signs dynamics of the patients with 

chronic fatigue syndrome and concomitant somatic pathology. Adapted from 

[54]. 

Indicators Day of treatment Note
1 2 3 4 5 6 7 8 9 10

Systemic hemodynamics + + + + + +
Arterial pressure + + + + + + + + + +

Electrocardiogram + + + + + +
Cerebral hemodynamics + + + + + + + + +

Gas exchange + + + + +
Biochemistry of blood + + + + + +

Activity toxicity markers of
hepatitis

+ + + + + + In control (10-
15 day of
treatment)

AST (aspartate
aminotransferase)

+ + + + + + + + The decline in
the 4th 4 times

per day
ALT (alanine

aminotransferase)
+ + + + + + + + The decline in

the 4th daily
2.5

Billirubin + + + + + + + The decrease
in the third 2
times a day, 5

th - 4 times

Recurrent sleep disorders Clearly 50%
effect

The increase in the volume + + + + + + + + 30-40% of
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of short-term memory background
Asthenic-vegetative

disorders
+ + + + +

Normalization and
synchronization  EEG

+ + + + +

Activation of cell centers
biorhythms Brain

+ + + + + + + +

Lowering the effective doses
psycho pharmaceuticals

+ + + On the third
day reduction
dose 2 times.
Since the 5th
day possible
failure from

pharmaceutic
als

Improving the effectiveness
of medication

+ + + + + + + +

Reducing the toxicity of the
reception chemotherapy

drugs

+ + + + + + + +

The Table shows the results of xenon therapy  of 40 patients treated

with inhalations of a mixture of oxygen and xenon in the ratio of (50:50) and

(30:70) %, respectively, 2 times a day - morning and evening - for 7-10 days;

the duration of inhalations was being increased from 3-5 minutes on the first

two days to 7-15 min on further days. It is interesting to note that the positive

changes in most of the studied parameters occur two days after commencing

the  inhalations,  which  coincides  with  the  time  of  response  of  the  human

endocrine  system  [55].  The  effect  of  xenon  inhalations  on  the  hormonal

background was also noted in [56,57 and 58]. The possible causes thereof

were  discussed  in  the  section  "The  Mechanism of  Therapeutic  Action  of

Xenon and Krypton". Krypton, the nearest lesser homologue of xenon, can

also be used for therapeutic purposes. The advantage of krypton is that this

gas is less rare and expensive than xenon (the ratio of xenon to krypton costs

is 1:15). In experiments on rabbits and mice it was demonstrated that 20-24%
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oxygen-krypton mixture brings on the signs of anesthesia. In experiments on

man  the  patients  reported  dizziness,  discomfort  and  voice  change  when

breathing 50-% and 20-% oxygen-krypton mixture. The krypton pressure of

55-60 bar brought on a reversible blockade of the sciatic nerve conduction

and inhibition of active transport of Na+ ions in the nerve-muscle preparation

of a frog [59].

   There are several works, in which krypton has been successfully used

for the treatment of neurological diseases. For this purpose, a mixture with a

krypton concentration of 25-45% and 75-55% of that of oxygen [60,61 and

62]. The duration of inhalation averaged 30 minutes and was repeated in a

number of 5-6 treatments in 2-3 days.

   The use of oxygen-krypton mixtures in the treatment of patients with

various  disorders  of  cerebral  circulation  increases  the  organism  oxygen

consumption by almost  1.5 times,  increases  muscular  strength,  endurance,

enhances  the  adaptive  properties,  improves  sleep,  promotes  the  work  of

gastrointestinal tract and vestibular system, and have anti-nausea and anti-

stress  effect.  Oxygen-krypton mixtures allow to reduce time of staying in

hospital  by  improving  the  microcirculation,  significant  acceleration  of

regeneration, expressed decongestant, protective and antihypoxant action of

krypton. 

The Use of Xenon for the Treatment of Drug and Alcohol Deprivation

Xenon is widely used in complex treatment of abstinence syndrome in

drug-dependent patients. The main pathogenetic link in the development of

withdrawal  symptoms  with  the  dependency  on  different  psychoactive

substances is endotoxicosis [63 and 64]. It is the endotoxicosis, which is the

most  common  cause  of  the  development  of  vital  complications  during

withdrawal conditions: toxic psychosis, acute toxic encephalopathy, and toxic

cardiomyopathy  including  hepato-  and  nephropathy.  All  of  these

complications have their both clinical-diagnostic features and particulars of

the used therapeutic approaches.
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   Recently,  in  the  pathogenesis  of  the  abstinence  syndrome  process

under  drug  addiction,  great  importance  is  attached  to  violations  of  the

neurotransmitter  system,  when  excitatory  amino  acids  glutamate  and

aspartate act as mediators [65,66,67].

   The  use  of  xenon  therapy  allows  to  shorten  the  period  of  the

withdrawal syndrome removal (a painful condition that appears when drugs

and alcohol are used) by 1.5 – 2 times as compared to the currently used

methods.

The percentage of persons not using drugs after completion of a full

course  of  xenon  therapy  (including  rehabilitation)  being  under  the

supervision for one year amounted to at least 50% (based on approximately

60  patients).  The  patient  becomes  a  practically  healthy  person.  The

application  of  xenon in the  complex therapy for  opium addiction enables

successful overcoming the negative and painful symptoms of the withdrawal

syndrome: it reduces the symptoms of the autonomic disorders; relieves the

pain  syndrome;  normalizes  the  patients’  sleep  disorders,  even  when  the

monotherapy  version  is  applied  or  with  minimal  pharmacological  load;

reduces the time of elimination of withdrawal symptoms by 1.5-2 times; and

considerably decreases the pharmacological burden. This method application

allows to effectively treat not only the abstinence syndrome, but the post-

abstinent  condition  of  the  opium-addicted  patients,  too,  especially  in  the

patients  with  disorders  of  liver  function  and  intolerance  to  specific

pharmaceuticals  used  in  the  treatment  of  drug  addiction.  The  course  of

treatment: removal of withdrawal symptoms – 5 to 7 days, the full course of

treatment  with  rehabilitation  (re-use  of  xenon with  application  of  modern

methods of psychotherapy, physiotherapy and pharmacotherapy) – 2 months

[54].

Correction of Psychoemotional State of Patients
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Depression, anxiety, depressed state of consciousness are the common

symptoms accompanying the pain syndromes of different genesis  [68].  40

patients  with  concomitant  suffering,  encephalopathy  of  different  genesis:

dyscirculatory – in 45% of cases, post-traumatic – in 10%, and metabolic and

toxic – in 25% received 5 treatments of xenon inhalation on the background

of standard therapy.

Fig. 4. Dynamics of indicators of anxiety and mood during the traditional
treatment (right) and xenon therapy on the background of traditional one (left).

Adapted from [68]

The traditional therapy of such patients exerts relatively little impact on

the anxiety and mood indicators (Fig. 4, right). The xenon inhalations, on the

contrary,  cause  a  dramatic  change  (Fig.  4,  left)  in  the  emotional  status:

anxiety level according to Spilberger decreased by 34.8%, the level of mood,

activity  and  improved  feeling  of  well-being  according  to  HAM  (health,

activity,  mood,  in  Fig.  4  –  HAM)  increased  by  77.4%,  and  the  level  of

depression  dropped  down  by  34.5%  (not  shown  in  Fig.  4).  The  xenon

inhalations improve not only the psychosomatic features of the patients with

encephalopathy, but also their intellectual capabilities. In [69] the same group

of patients were examined according to the following tests: 

• attention (missed digits): the patient was suggested to fill 25 missed
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numbers in an ascending order in the range from 1 to 40; 

• thinking (logic): the respondents were given tasks with two related

categorical judgments and a conclusion, deduction (syllogism); 

• memory (arbitrary): the test consisted in remembering of 12 numbers

within 1 minute and their further sequential reproduction; 

• also studied were the intellectual abilities of the patients according to

the standard school tests of intellectual development (STID): 

 STID01 – the task consisted of interrogative sentences, each

of  which  lacked  one  word.  The  patients  were  given  five

words to choose the one that correctly completes the given

sentence;

 STID02 – a word was proposed, to which the patient had to

select  another one out  of  the given four words that  would

coincide  with  the  proposed  word  in  meaning,  i.e.  a

synonymous word; 

 STID06 –  the  patient’s  task  was  to  determine  the  digit  in

order to continue the proposed numerical series. 

Fig.  4  shows  the  values  gains  that  reflect  the  patients'  cognitive

functions after a course of the traditional  treatment (blue bars) and xenon

therapy (red bars). 

As  can  be  seen  from the  Figure,  the  xenon  therapy is  many  times

preferable  to  the  standard  therapy  of  encephalopathy  not  only  for

psychosomatic  correction,  but  also  for  improving  the  cognitive  and

intellectual abilities of patients.
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Fig. 5. The xenon therapy effect on the cognitive field of the patients with
encephalopathy. Adapted from [69]

The Analgesic Effect of Xenon on Pain Syndromes

The  theoretical  basis  for  the  analgesic  effect  of  xenon  is  the

experimentally proved influence of xenon on NMDA receptors,  which are

involved  in  nociceptive  mediation  [70].  As  it  was  noted  above,  the  gray

matter neurons, posterior roots and gelatinoid substance of the spinal cord are

so sensitive to the action of xenon that the latter brings on a noticeable level

of anesthesia with as little xenon concentration as 0.5% [34]. To put it in

other words, the residual content of xenon in the tissues of above mentioned

nervous structures may be sufficient for a prolonged analgesic effect of the

xenon therapy procedures. This opens up possibilities for the inclusion of the

xenon inhalations in the pain syndromes treatment protocols dependently of

the  location  and  etiology  of  the  disease,  which  caused  a  pain  syndrome.

Herein above the use of xenon inhalation in dental surgery was mentioned

[35]. Therapeutic use of inhaled xenon for subnarcotic concentration is quite

effective in the treatment of the patients with vertebral osteochondrosis. The

results of the lumbalgia treatment are presented in [71]. The course of the

xenon therapy consisted of five 25-30-minute inhalations of a gas mixture

containing 35% of xenon applied each other say. The regression of subjective
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and objective symptoms occurred on the very first  week of  treatment and

persisted for the next six months. The traditional medical treatment gave a

comparable effect, but only on the second week of treatment, in particular

44% of patients receiving just conventional therapy had a relapse within 6

months after completion of the course of procedures. The analgesic effect of

xenon inhalations in the treatment of acute vertebrogenic and discogenic pain

was studied in [72]. An experimental group of 42 patients with acute pain

syndrome caused by degenerative changes in the cervical and lumbosacral

spine. In order to assess the treatment efficiency VASPIAN Scale was used

[73]. In 34 patients the pain syndrome was regarded as a distinct and acutely

pronounced (60-100 units)  and in  8 – as  moderate (40-60 units)  by VAS

Scale. The pain duration ranged from 2 to 46 days (8.4 days on the average).

The age of the patients ranged from 23 to 62. The patients received xenon-

oxygen inhalations (70:30%). 3 to 10 treatments were applied depending on

the severity of the disease. The duration of the treatment decreased from 24.4

to 15.3 days on the average as compared with the standard therapy. The best

effect of the therapy was observed in the patients with an acute pain duration

of up to 5 days (9 cases). The average number of procedures in this category

of patients was 4.5. In 5 cases the pain completely regressed and in 4 it was

reduced down to 10-20 points. When the duration of acute pain was over 20

days (25 patients), the average number of treatments that enabled the acute

pain termination was 7.2. On average, by VAS Scale, the pain was reduced

down to 15 points. In patients with the pain continuing for more than 30 days

(8 cases), a positive effect was on the average achieved after 8 procedures,

which is explained by the pain syndrome synchronization.

A three-fold decrease in the pain sensations by McGill Pain Scale was

noted  when  using  the  xenon  inhalations  (10  min,  25% of  xenon)  in  the

postoperative period after the installation of Ilizarov's apparatus [23]. It was

also stressed in the same work that xenon inhalation did not reduce and even

somewhat increased the values of the lungs forced vital capacity and that of
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the forced expiratory capacity per second, and the forced vital capacity of

inspiration in the patients with a smoking history of more than 5 years.

Xenon Therapy as an Adjuvant Method for Chemotherapy

The xenon inhalations effectively prevent nausea and vomiting caused
by chemotherapy,  which  are  fraught  with  not  only  dehydration,  anorexia,
electrolyte disorders, gastric bleeding, but often interfere with the next course
of the adjuvant and neoadjuvant chemotherapy [74]. The study involved 76
patients aged 18 to 60 with a breast cancer stage Т2N0M0–T4N3M1. The
patients received chemotherapy according to the most aggressive schemes in
view of the potential emetogenicity and cardiotoxicity of anticancer drugs:
FEC Scheme (Farmorubicin + cyclophosphan + 5-fluorouracil), "Paclitaxel +
Carboplatin" Scheme and "Gemzar + Carboplatin" Scheme. The patients of
the  main  group  (n  =  40)  received  the  standard  antiemetic  therapy  and
inhalations  with  KseMed  drug  (30%  xenon  concentration,  the  procedure
duration is 30-40 minutes) during each chemo session starting with the first
one. The patients of the control group (n=36) were prescribed the standard
therapy  support,  which  included  the  antiemetic  therapy  according  to  the
modern multi-protocols.

Fig. 6. Occurrence of acute vomiting in patients of the main and control groups.
Adapted from [74] 

As Fig. 6 shows, the xenon inhalations prevent the development of acute

vomiting during a chemo session and reduce manifold the frequency of the

expectation vomiting (Fig. 7) before the cycles of chemotherapy.  
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      Fig. 7. Availability of the expectation vomiting before various cycles of 
chemotherapy in the patients of the main and control groups. Adapted from [74]

Unfortunately,  the  xenon  inhalations  insignificantly  influence  the

probability  of  delayed  vomiting,  but  their  therapeutic  effect  in  the  period

between  the  cycles  of  chemotherapy  is  significant.  For  the  comparative

evaluation of the quality of life in the main and control groups by Karnofsky's

Scale, see Fig. 9: 

   main group, 94% – condition is stable, the patient is capable of normal

activities, and the symptoms and signs of the disease are minor;

   control group, 67% - the patients are not capable of normal activity or

active  work,  they  can  independently  satisfy  some  of  their  needs,  but

sometimes need help.

    The xenon inhalations require specialized equipment and participation

of  specially  trained personnel.  At  the  same time,  the  properties  of  xenon

create  preconditions for  the preparation of  xenon drugs for  oral  use,  both

industrially and in medical centers with the help of primitive milk saturators,

dairy products or vegetable oils. For example, it is possible to dissolve up to

1.7 liters of gaseous xenon in one liter of olive oil, and the xenon-rich oil may

be stored open for up to 9 hours with almost no reduction in the concentration

of xenon [75] (Fig. 8).     
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Fig. 8. Changes in xenon solubility in olive oil with time. The picture were borrowed
from [75]

The above data give grounds to hope that non-inhalation use of xenon

will open new ways to the budgetary implementation of xenon therapy in the

medical practice. The first research into the detoxication properties of xenon

solutions was carried out in [76]. The study was conducted on 23 patients

who  received  the  chemotherapy  treatment.  The  patients  complained  of

general  weakness  on the  background of  a  cancer  process  at  an  advanced

stage. All patients had comorbidities in the form of hypertension, coronary

heart disease, Class I-II of  Stable Angina Pectoris. They showed depressed

mood,  suspiciousness,  anxiety,  restless  sleep;  during  the  sessions  of

chemotherapy adverse reactions in the form of nausea, vomiting and feeling

sick  accompanied  by  a  sharp  restriction  of  independent  activity  were

observed.  The general condition of the patients was assessed according to

Karnofsky's Scale in points (Fig. 9). In most patients it was estimated at an

average of 67.7 points.  The patients were administered creamy smoothies,

200 ml once or twice a day, and oil saturated with xenon, 20-40 g 2 times a

day. The index of "Health" increased up to 94 points by Karnofsky's Scale.
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Fig. 9.  Karnofsky's Scale for the quantitative assessment of the patient’s
condition

During the 57-day therapy with oil solutions of xenon the overall health
of  the  patients  took  a  turn  for  the  better:  headaches  weakened,  sleep
improved, physical activity increased, and the quality of life progressed. The
data of electroencephalographic monitoring indicated the presence of xenon
sedative effects on the central nervous system.

Fig. 10. EEG, the computer tomogram of the patient before (left) and after
(right) xenon therapy. The data were borrowed from [76]

As can be seen from Fig. 10 (left) before taking xenon the most active

part of the brain was the left occipital region (18-13 Hz – alpha rhythm) After

taking xenon the active area is suppressed and the alpha rhythm dominates all

leads (right). Simultaneously with the normalization of the EEG the physical

and mental performance improvement was observed.
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Xenon Therapy for Patients with Infectious Diseases

There is a patent requiring the use of xenon inhalations for easing the

side effects of interferon therapy in patients suffering from viral Hepatitis C

[77]. The patent provides an example of such treatment:

Patient S. 43 years old. Complaints of fatigue, decreased performance

and  appetite,  and  sleep  disturbance.  The  examination  revealed  a  2-fold

increase in activity of ALT transaminases, a 1.5-fold in ACT, total bilirubin -

9.6  and  conjugated  one  -  3.7.  PCR  test  showed  a  viral  load  of  3.2×106

copies/ml. The patient has marked depression according to testing by means

of Beck’s depression inventory.

Diagnosis: Chronic viral hepatitis C, genotype 2a, the minimum level

of activity. Expressed depression.

Prescribed treatment: Realdiron 3 million IU intramuscularly three

times a week for 6 months. Inhalations with xenon-oxygen gas mixture 50:50

every other day for one month (15 inhalations) until the onset of objective

and  subjective  signs  of  xenon effects  -  dizziness,  nystagmus,  paresthesia,

hyperemia of face, euphoria.

After  the  third  xenon  inhalation  sleep  normalized  and  depression

according to Beck’s depression inventory became moderate. No leukopenia

was  observed during the  treatment,  minimum platelet  count  –  up to  120,

leukocytes – up to 3.2.

A  month  after  the  treatment  commencement.  No  complaints.  No

more depression.  The transaminase  levels  of  ALT, ACT and bilirubin are

within normal range. PCR test: hepatitis C virus is not detected.

         After 6 months. No complaints. No signs of depression. The 

transaminase levels ALT, ACT and bilirubin are within the normal range. 

PCR test: hepatitis C virus is not detected.

The reason for the application of xenon, according to the authors, was

the antidepressant activity of xenon, on the one hand, and the well-known

depressive  effect  of  the  therapy  with  alpha-interferon,  on  the  other  hand.
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However, it is quite possible that the action of xenon is connected not only

with  the  antidepressant  and detoxifying effect,  but  also  with  the  antiviral

operation. Anyway, xenon sharply raises (56-178-fold) the lethal dosage of

the  virus  strain  A/PR/8/34(H1N1)  on  the  model  of  the  lethal  influenza

infection [78]. The authors’ in vitro experiments showed that xenon exhibits a

virucidal effect on the extracellular virus and inhibits the reproduction of the

influenza virus strain A/Ginseng/1/68 (Fig. 11). It is important that the xenon

atoms have a virucidal effect on the respiratory system not only when xenon

is inhaled, but also when it is administered orally in the form of a solution in

olive oil.

Fig. 11. Protective action of xenon inhalations on the model of the
lethal influenza infection in mice caused by the virus strain
A/PR/8/34(H1N1). The diagram were borrowed from [78]

         The authors believe that such an unusual effect of the noble gas is

related to the fact that influenza viruses are covered with a shell of lipids,

which plays a crucial  role in the process of  viral  fusion with hepatocyte.

Given  the  high  lipophilicity  of  xenon  atoms,  we  can  assume  that  the

reduction  in  virulence  is  due  to  a  modification  of  the  lipid  layer  on  the

surface of viruses. If this assumption is true, then the use of xenon therapy

seems promising in the treatment of a wide spectrum of infectious diseases

caused by viruses "enveloped virus" - herpes, chickenpox, shingles, Epstein-

Barr,  HIV,  hepatitis  C,  rabies,  arboviruses  -  hemorrhagic  Crimean-Congo

fever, Japanese encephalitis, and a number of others. It is likely that other
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inert  gases  are  capable  of  exerting  bacteriostatic  and  antiviral  effect.

Anyway, one of the first described biological effects of noble gases consisted

in  the  inhibition  of  mold  growth  under  normal  and  elevated  pressure  of

krypton [56].

The Application  of  Xenon for  Performance Increment  and in  Sports

Medicine

         There is a patent on the use of xenon as an ergogenic and adaptogenic

substance  [79].  In  5-6  h  before  an  extreme  load,  inhalations  with  a  gas

mixture  of  xenon  and  oxygen  at  a  weight  ratio  of  (5-50)  :  (95-50),

respectively, were conducted the amount of the gas mixture being not more

than 0.1 l per 1 kg of the body weight. It was established experimentally that

the effect provided by the claimed method causes a rapid (within 60 min)

change in hormonal status characterized by a decrease in the levels of GH

and cortisol, T4 and T3. A decrease in the content of cortisol produced by the

adrenal glands and disrupting proteins, fats and carbohydrates under a stress

(extreme load) promotes rapid restoration of the equilibrium of the body. The

inhalation does not suppress the emotional-volitional system of man, and the

procedure is passed with the positive emotions without transition to the stage

of anesthesia. It was found that after a xenon-oxygen inhalation the anxiety

level reduces, sleep normalizes and efficiency increases (being expressed in

the improvement of swimming time by 4 sec.). In a day after the inhalation

no signs  of  the  undergone extreme loads  were  observed  in  the  health  or

hormonal status of the athlete, i.e. subnarcotic effects of a single inhalation

retain the positive changes of compensatory adaptive responses, which are

characterized by the growth of physiologically justified phases of the general

adaptation syndrome and the rapid formation of emotional stability.

         Example 1: a group of drivers (7 people), apparently healthy men, 28-

46 years of age, with a body weight of 59-73 kg. The resistance to stress

factors of a long trip (motion sickness, static and dynamic physical activity)

and the visual analyzer state were determined. The inhalations with a mixture
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of  xenon  and  oxygen  at  a  weight  ratio  of  30:70  within  3.5-4  min  were

administered. The consumption of the xenon mixture with molecular oxygen

was 5.3 l per person on the average. After an inhalation the resistance to

motion sickness increased two-fold on the average, "reserve time" spent on

the way extended 1.7-fold on the average, and the positive effect lasted for

20 +/- 2 days.

         The inhalations also increased the reserve capacity of the external

respiration system and physical performance: VC increased by 6-10%, MIVL

– by 15-20%, the duration of breath-holding – by 17-25%, and the efficiency

of  muscular  work  –  by  15%.  The  functioning  of  the  visual  analyzer

improved,  too:  throughput  increased  by  10-12%  while  the  thresholds  of

luminance sensitivity lowering by 2543%. 

         Example 2. Two groups of 7 persons (control and experimental ones)

made up of apparently healthy tunnel railway workers (men from 23 to 47

years of age with a body mass of 57.5 - 76 kg). The experimental group were

administered inhalations with a mixture of xenon and oxygen, weight ratio

20 : 80 during 4.55 minutes using a mask-type apparatus. The consumption

rate  of  the  xenon-oxygen  mixture  averaged  5.125  liters  per  person.  The

inhalations  were  conducted  in  the  conditions  of  an  industrial  dispensary

twice a day (5 h before the start of the shift and 30 minutes after it), daily for

3 days. The work capacity of the subjects increased by 20.1%, an average of

49.3 Watt. The members of the "experimental" group, after receiving a few

treatments, showed the predominant response to extreme loads, which was

the  response  of  exercise  passing  with  a  less  pronounced  strength  and

requiring  less  energy  from  the  organism  as  compared  to  conventional

responses to activation, strain and stress. Not a single case of the appeared

stress reaction or formation of personal anxiety was revealed.

         At present, the use of noble gases in sports medicine is limited by the

World Anti-Doping Agency (WADA) that have included xenon and argon in

the list of substances that can affect the metabolism of oxygen (“Artificially
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enhancing the uptake, transport or delivery of oxygen”). 

Therapeutic Effects of Helium-Oxygen Mixture

The first to theoretically substantiate the therapeutic effect of helium-

oxygen  mixtures  (heliox)  and  practically  prove  their  efficiency  was  the

American doctor  A. Barach [80,81]. It  is  important  to note that  the gases

located to the left of argon (Fig. 2) have abnormally high heat capacity and

thermal conductivity of Helium  requiring heating of the respiratory mixture

in order to avoid hypothermia of the lung tissue. This inconvenience, which is

easy  to  overcome,  creates  the  heated  gases  application  preconditions  for

rehabilitation after excessive physical loads and with hypothermia [82]. The

effectiveness  of  heliox  therapeutic  application  increases  sharply  with  the

increase of  its  temperature up to 70-90°C.  To date  the high efficiency of

preheated  helium-oxygen  mixtures  usage  has  not  only  been  scientifically

proven, but also technical tools for the application of these mixtures for the

medical purposes have been developed [83, 84, 85, 86]. It is believed that the

thermal effect of the mixture heated to a temperature of 75 - 90°C leads to the

excitation of thermoreceptors with subsequent reflex relaxation of bronchial

smooth  muscles  and  improvement  of  blood  supply  to  the  lungs.  Such

combined action enables the application of fundamentally new methods of

treatment of the patients with infectious lung disease, bronchial asthma and

chronic obstructive bronchitis. The heated heliox can be successfully used in

the treatment of the patients suffering from disorders of central and peripheral

hemodynamics,  i.  e.  the patients  with  the operated  coronary  insufficiency

[87].  The latter  involved 7 patients  aged 45 to  52 years  who have had a

myocardial infarction with subsequent coronary stenting or bypass grafting.

The  patients  received  a  one-time  procedure  of  the  inhalation  with  heliox

heated to 45°C (23% of O2 and 77% of He) consisting of four cycles of 10-

minute  inhalation  and  10-minute  breaks  inhalation,  see  Stages  1-4  in  the

following figures.

38



 The following hemodynamic parameters were studied: 

- the function of the left ventricle ejection;

- pulse index of peripheral vascular resistance;

- impact work index of the left ventricle;

- end-diastolic index of the left ventricle;

- mean arterial pressure and shock cardiac index;

- cardiac index;

- heart rate;

- oxygen delivery index; and

  - integral balance of all of the above hemodynamic parameters.

                      

              Fig. 12а                                                                Fig. 12b

                      

          Fig. 12c                                                                      Fig. 12d

Fig. 12. Heliox inhalations influence on the characteristics of the central and
peripheral hemodynamics of the patients with the operated coronary insufficiency.

Adapted from [87].

 It  was  established  that  none  of  the  hemodynamic  parameters  had

deteriorated. Positive dynamics was recorded for the oxygen delivery index

(DO2I)  (Fig.12a),  left  ventricle  end-diastolic  index  (LVEDVI)  (Fig.12b),

pulse  peripheral  vascular  resistance  index (PPVRI)  (Fig.12c),  and integral
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balance of all the listed parameters (Fig.12d).

The  last  three  points  of  the  graphs  belong  to  the  40 th minute  the

treatments, 24 hours and 48 hours after the procedure, respectively. It seems

that by the 40th minute there is a sharp and sustained improvement of oxygen

delivery, a decrease in peripheral resistance of the vascular system, diastolic

function of  the left  ventricle of the heart.  The inhalations with the heated

heliox  are  promising  for  the  use  in  the  treatment  of  the  patients  with

cardiovascular  disease,  especially  in  combination with  broncho-pulmonary

diseases [88]. Heliox with a composition of 50 : 50% heated up to 75°C is

successfully applied in sports medicine. This optimizes the psycho-emotional

system of athletes, their cardiovascular and respiratory systems. The use of

the  method  in  question  for  remedial  purposes  also  contributes  to  the

improvement  of  the  body  reserve  capacities  and  increases  the  volume of

training influences both of aerobic and anaerobic focus [89]. 

The Mechanism of Xenon Physiological Activity

A brief  review of  xenon physiological  effects,  which can be divided into

anesthetic  and  therapeutic  ones,  was  presented  above.  As  for  therapeutic

purposes subnarcotic concentrations of xenon are used it is obvious that both

effects  are  based on a  common molecular  mechanism of  action.  To date,

considerable experimental material in the field of study of xenon anesthetic

action  nature  has  been  accumulated  while  the  mechanisms  of  xenon

therapeutic  effects  have  been  poorly  studied  so  far.  In  this  situation  the

deductive  approach,  the  analysis  of  the  results  of  studies  of  the  xenon

anesthetic action mechanisms to learn the molecular basis of its therapeutic

effects seems to be productive.

The Mechanism of Xenon Anesthetic Action 

At the moment there exist two main hypotheses of the mechanism of

anesthesia and narcosis – the lipoid (in the classic [90, 91] and modern forms

[92, 93, 94, 95]) and membrane-protein ones [96, 97]. The lipoid hypothesis

links the anesthetic and narcotic effects of substances with the influence on
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the  membrane  lipoid  matrix  (increasing  the  volume  and  fluidity  of

membranes),  and the membrane-protein one – with direct  interaction with

proteins and lipoproteins of synaptic receptors and ion channels controlled by

the former.

Noble Gases and Lipoid Theory

As far back as in 1937  K. N. Meyer based on the comparison of the

lipophilicity and anesthetic activity of the known agents (Fig. 13) suggested

the  presence  of  the  noble  gases  anesthetic  properties  [98].  In  practice

anesthetic properties under atmospheric pressure are only exhibited by xenon

and possibly radon (which follows from the inert gases properties narcotic

dependence on their partial pressures and the atomic weights discovered by

N. V. Lazarev [10]).

The dependence of the inert gases narcotic properties on the atomic number

has been tracked for a number of gases that cause anesthesia 

He(2) < Ne(10) < N2(14) < Ar(18) < Kr(36) < Xe(54).

The higher the gas solubility in lipids, the lower the partial pressure

required to cause a narcotic effect [99].

The lipid theory of anesthesia connects the narcotic properties of inert

gases with the increase of the membrane volume and, as a consequence, the

change in the conformation of membrane-bound proteins, which determine

the balance of excitation-inhibition in the nervous system cells [100]. The

antagonism of pressure and narcotic action of gases is the firmly established

fact,  which  is  practically  used  in  the  technical  diving  for  calculating  the

composition of gas mixtures for deep diving [101]. 

If  this  assumption  is  true  for  the  inert  gases,  the  increase  in

atmospheric pressure, which inevitably shrinks the membrane, must weaken

the narcotic effect of the inert gases, which is actually observed [102, 103,

104]. The effect of normobaric xenon on the viscosity of the membranes lipid

matrix  has  been  revealed  experimentally  by  the  light  scattering  laser

microscopy  [105].  As can  be  seen  from the  above data,  the  narcotic  and
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anesthetic properties of xenon match well with the lipid theory of anesthesia.

Fig. 13.  Dependence of the relative anesthetic activity of various gases on the
distribution coefficient in the olive oil – gas system. The picture were borrowed from

[98]

Noble Gases and the Membrane-Protein Theory

The applicability of the membrane-protein theory of anesthesia and narcosis

can be assessed using the comparative pharmacological studies of the effects

of xenon and well-known general anesthetics.  Xenon, in contrast  with the

most common general anesthetics does not exert its analgesic effect through

the  potentiation  of  the  inhibitory  synaptic  GABA  receptors  [106,  107].

Glycine mediation in postsynaptic site of the synapse is sensitive to xenon

[108]. 

However, this effect is probably unspecific since the potentiating effect of

xenon is much lower than that of nitrous oxide and much less active than

anesthetic isoflurane [109]. The anesthetic effect of xenon is not blocked by

yohimbine [110] and naloxone [111,112], which eliminates the possibility of

the  involvement  of  alpha2  adrenergic  and  opiate  receptors  in  the

implementation of the narcotic effect of the anesthetic. 

At the same time, xenon specifically inhibits the activity of excitatory

NMDA (N-methyl-D-aspartate) receptors [113, 114].

It  is  assumed that  xenon inhibits the development of the process of

hyperalgesia  in  the neurons  of  the posterior  horns of  the spinal  cord that

participate in the process of pain transmission and the formation of central
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sensitization.  This  may  explain  some  similarity  of  the  pharmacological

profile of xenon (analgesia, amnesia, euphoria) with the profile of the known

antagonist of NMDA-receptors – nitrous oxide [115]. Previously, the effect

on NMDA-receptors has been proven for some other anesthetics, in particular

for  nitrous  oxide  and  ketamine  [116,  117].  However,  the  mechanisms  of

suppression  of  aspartate  mediation  for  these  anesthetics  and  xenon  are

apparently  different.  At  least  naloxone,  a  well-known  blocker  of  opioid

receptors,  does not increase the pain threshold during xenon anesthesia  in

contrast to anesthesia with nitrous oxide [111, 112]. It is also impossible to

exclude the possibility that xenon suppresses the conduction of membrane ion

channels  by  direct  interaction  with  the  channel-forming  molecules.  This

hypothesis is based on a proven fact of xenon atoms specific binding with

proteins [118, 119]. In general, the primary mechanism of anesthetic action of

xenon is clearly beyond the impact on neuromediation. Can we assume that

the lipid theory is the best to describe the anesthetic activity of noble gases in

general, and xenon in particular? Yes, it would seem so, but what about the

firmly established fact of the influence of xenon on aspartate mediation? It

could, of course, be suggest that aspartate receptor or ion channel controlled

by this receptor is particularly sensitive to perturbation of the lipid matrix

caused by xenon. But this explanation seems a bit far-fetched. 

Hypotheses of the Noble Gases Action Mechanism Related to the

Influence of Xenon on the Structure of Water.

Clathrate Hypothesis

In  considering  a  possible  mechanism of  action  of  xenon  and  other

noble gases we should not forget that the cell membrane is in an aqueous

environment,  which  has  a  decisive  influence  on  the  physico-chemical

characteristics  of  the lipid matrix  and lipoproteins of  the membrane [120,

121]. 

According  to  X-ray  diffraction  analysis,  the  known  anesthetics  are
capable of forming microcrystals, which are based on water molecules (Fig.
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17) [122]. As far back as in 1961 this became the foundation for the so-called
Pauling microcrystals theory [123]. This theory is interesting with regard to
the problem of the noble gases action mechanism as the anesthetic effect of
krypton and xenon fits  well  into the  correlation  dependence  of  anesthetic
activity on the anesthetic partial pressure (Fig. 14). Pauling’s hypothesis is
based  on  the  assumption  about  the  leading  role  of  water  in  the
implementation of the general anesthetics narcotic properties.

Fig. 14. The dependence of the anesthetic partial pressure of various substances
on the partial equilibrium pressure of hydrates of the substances concerned. The

dependence is presented in double logarithmic coordinates. The diagram were
borrowed from [123]

The role of interaction between water and biological membranes cannot
be overestimated.  In essence,  the very existence of  the membranes as  the
basis  of  cellular architecture is defined by the water-lipid interaction.  The
interaction  of  water  and  molecules  included  in  the  composition  of  cell
membranes is the formation of hydrogen bonds between the polar groups of
proteins and lipids, on the one hand and the dipoles of water, on the other.
Hydrophobic sections of proteins are also involved in the interaction with
water  increasing  the  hydrogen  bonds  between  water  molecules  [124].
Generally  accepted  is  the  notion  that  water  at  the  normal  pressure  and
temperature is in a structureless condition, and its molecules are in random
motion.  Besides,  each of  the protons of  water  molecules  gets  bound with
unshared electrons of another molecule and forms a new hydrogen bond (two
protons  plus  two  unshared  electrons,  therefore,  each  H2O  molecule  is
involved in four hydrogen bonds) [125] (Fig. 15, left). However, in [126] it is
shown  by  the  method  of  adsorption  spectroscopy  and  Raman  x-rays
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scattering that about 80% of water molecules under normal conditions form
only two strong hydrogen bonds. This means that the water molecules mainly
form the stable chains or cycles.  It is supposed that water is a mixture of
molecules  of  randomly  arising  and  decaying  molecular  associates  with
tetrahedral structure and long-lived clusters made up of a hundred or more
molecules. [127] (Fig. 15, right).

Fig. 15.  Possible schemes of formation of hydrogen bonds in water

External  influence,  for  example,  and  multiple  filtration  through

micropores  lead to  a  sharp change in  the conductivity  (first-second-order

increase in conductivity), UV and IR spectra of water, which is interpreted

as the result of the formation of aqueous nanostructures with a size of 140 to

200 nm [128,  129].  Moreover,  the authors  [130]  have found out  that  an

increase in the water conductivity is accompanied with an increase in the

water density of up to 0.014%. The water parameters change is of a long-

term nature despite the fact that the lifetime of the cluster cannot be longer

than  that  of  the  hydrogen bonds  (i.e.  nanoseconds).  Perhaps  the  clusters

stability  is  due  to  the  mechanism  of  the  cluster  structure  simultaneous

movement as it was theoretically predicted in [131] (Fig. 16).
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Fig.16. Hypothetical scheme of the water clusters synchronous displacement in
the water. 

In the last decade, due to the development of synchrotron x-ray sources,

the arsenal  of  methods used to study the structure of  water  has increased

significantly,  and  the  hypothesis  of  the  water  supramolecular  complexes

existence under normal conditions can be considered proven [132, 133]. How

can the presence of dissolved gases in general and inert gases in particular

affect the structure of water? It is known that all gases are more or less able to

form gas hydrates, also called gas clathrates [134]. The clathrates of the first

type  are  formed  by  46  water  molecules  and  consist  of  two smaller  cells

(pentagonal dodecahedron (512)) and six large ones (tetradecahedron, (51262)).

The clathrates of the second type are formed by 136 water molecules and

consist of 16 small cells (dodecahedron (512)) and eight hexadecahedron large

ones (51264) (Fig.17).

Fig. 17. Main types of xenon water clathrates and their mutual orientation 

Out  of  the  gases  mentioned  in  the  figure  xenon  has  the  greatest

propensity to form clathrates. Xenon forms water-gas clathrates of the first

type with a composition of Xe•5,75Н2О at the atmospheric pressure and a

temperature equal to -3.60C. At 00C a pressure of 1.5 atm is required for the

formation of clathrates, at 120C – 4.9 atm [135]. The approximation of this

temperature dependence shows that at the room temperature a pressure of

about 30 atm is needed to stabilize water-xenon hydrates. The formation of

mixed clathrates of various substances is also possible, e. g. O3 + O2 + CCl4

and O3 + O2 + Xe [136] (Fig. 18).
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Fig.18. Clathrates Type O3 + O2 + CCl4 (a) and O3 + O2 + Xe (b). The pictures
were borrowed from [136]

On the right above there is a scheme of the mixed crystalline hydrate

(according to x-ray diffraction studies); red colour indicates oxygen, blue –

ozone, dark-red – xenon, grey – CCl4 or another guest molecule.

The  data  on  the  existence  of  xenon  and  ozone  mixed  clathrates  is

interesting because they show unusual conditions, in which the compounds

that are topologically associated with the clathrate water framework get. In

the cited work it is shown that the lifetime of ozone molecules in the clathrate

increases by several orders of magnitude. The interaction of xenon clathrates

with the biologically important molecules of the lipids and proteins can cause

dramatic changes in their physico-chemical characteristics. Thus, in 1984 by

the method of NMR of albumin and ribonuclease A aqueous solutions, it was

shown that the formation of clathrates slows down the rotational motion of

protein  molecules  side  groups  and  the  mobility  of  protein  globules.  The

authors  hypothesized  that  the  reason  for  this  is  the  interaction  of  xenon

clathrates with hydrophobic parts of the protein molecules [137]. With regard

to the question of the molecular mechanism of the xenon biological action

this means that the xenon atom most probably affects the functional activity

of membrane proteins from the aqueous, and not from the lipid phase. For

example, xenon being dissolved in water efficiently inhibits the ion current

through  the  ion  channel  controlled  by  the  NMDA-receptor  [138].  The

inhibition of the ion current is reversible and easily removed by washing the

neuron with the aqueous solution that does not contain xenon. This behavior

is not typical for lipophilic drugs. The neuron surface treatment with xenon

dissolved in Lipofundin MCT (lipid emulsion) at a concentration of twice the
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concentration of xenon in the aqueous phase has a much weaker effect. There

is  evidence  that  xenon  dissolved  in  the  water  can  have  neurogenic  and

metabolic  effects  in  the body after  oral  administration [139].  The authors

showed that  drinking water  saturated  with  xenon under  the  water  normal

atmospheric pressure in an amount of 0.05% of the body weight (about 2

cups) causes a statistically significant decrease in Stress Index from 26.71 +

6.4  to  17.14  +  2.7  indicating  a  diminution  in  the  stress  of  the  resting

regulation systems. Stress Index is calculated on the basis of the heart rate

variability analysis. Also observed were enhanced excretion of sodium ions

(44.12 ± 18.6 vs 28.35 ± 8.3 in control) and chlorine ions (63.32 ± 18.4 vs

48.75 ± 17.3 in control), reduced by 32% excretion of urine with increased

osmolarity and reduced pH. A simple calculation shows that the amount of

xenon absorbed by the body during the described procedure of drinking does

not exceed 30-40 ml, which seems disproportionate to the observed metabolic

effects. The authors see the explanation for the observed physiological effects

in the structural change of water by formation of clathrates, in the spirit of the

Polling theory. Currently, the theoretical notions of Polling are the basis of all

or  almost  all  hypotheses  on the  mechanism of  biological  effects  of  noble

gases in general and the anesthetic effect in particular [20].

However, this hypothesis has a weak spot pointed out by Pauling. He

wrote, “It is evident that the mechanism of narcosis cannot be simply the

formation in the brain of the hydrate microcrystals..., because these crystals

would not be stable under the conditions that lead to narcosis. ...We must

assume that some stabilizing agent other than the anesthetic agent is also

operating” [123]. It is obvious that before these hypothetical stabilizing

agents are found the hypothesis of Pauling can be considered neither proven

nor even preferable. The reference to a hypothetical normobaric and

normothermic clathrates of xenon, in our opinion, is simply popular for the

lack of other, alternative explanations of the mechanism of physiological

activity. 
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Hypothesis of fluctuating microbubbles

Meanwhile, inert gases are quite soluble in water, for example, the

xenon solubility in water (85 ml/l) is quite high compared to the solubility of

key atmospheric components (oxygen 31 ml/l and nitrogen – 15.4 ml/l).

Photo 1.  The left vessel filled with degassed water was shaken with a portion of
dodecane, the right one is the same, but filled with the initial water. The data were
borrowed from [141]

Any  dissolved  gas  significantly  affects  the  physico-chemical

characteristics of water. For example, degassing significantly enhances the

cleaning properties of water [140]. The degassed water forms stable mixtures

with nonpolar solvent such as dodecane [141] (Photo 1). 

Degassing  of  water  affects  hydrophobic  forces  resulting  in  higher

surface tension of water at the interface air-water σ by more than 5%. For

comparison, during heating from 20 to 60°C (the temperature of denaturation

of some proteins) σ is only reduced by 10% [142]. The authors explain these

effects by the presence in water of micro bubbles of dissolved gases, which

are in dynamic equilibrium with the dissolved gas. Using NMR spectroscopy

it was shown that in pure water the concentration of microbubbles with a size

of 20-180 nm can be about 109 in ml [143, 144]. In multiphase systems, and

biological objects are such, the average concentration of microbubbles can

be  much  higher.  This  is  indirectly  evidenced  by  the  development  of

symptoms of decompression sickness during rapid ascent from a depth of

only 10 meters compared with the absence of foaming of pure water even

during explosive decompression from a pressure equivalent to that at a depth
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of 1,000 meters, to the atmospheric one [145]. Based on these data the idea

that cells, subcellular particles and separate molecular ensembles located far

from the phase boundary are immersed in a homogeneous and single-phase

medium  consisting  of  a  mixture  of  water  molecules  and  low-molecular

compounds  including  dissolved  gases  turns  to  be  incorrect.  Instead,  the

actual  picture of biochemical  reactions conditions partially corresponds to

the  conditions  of  heterogeneous  reactions  at  the  water-gas  interface.  The

degassing  of  blood  plasma  causes  a  decrease  in  glucose  concentration,

abnormal  activation  of  blood  clotting,  increased  rate  of  blood  cells

aggregation, reduction of the aspirin effectiveness as an inhibitor of platelet

aggregation and slowdown of the action of indirect anticoagulants [146,147].

The degassing of plasma radically changes its physico-chemical properties,

which leads to a dramatic acceleration of spontaneous and induced platelet

aggregation (Fig. 19, 1 to 3 – normal, 4 to 7 – after degassing). The impact of

degassing  may  be  reversed  to  a  considerable  degree  by  mixing  with  an

equivalent quantity of the source plasma (Fig. 19, 8 - 10). The authors [146]

suggest that degassing affects the stability of the structure and functioning of

the membrane bound and free blood proteins through increased hydrophobic

interaction. Another unexpected property of dissolved gas microbubbles is

the generation of reactive oxygen forms under the influence of natural light

or IR radiation with a wavelength of 1,264 nm [148]. The starting stage of

the ROS formation in water caused by the action of light and IR radiation is

the transfer of dissolved oxygen from the triplet to the singlet state. Then the

singlet oxygen is reduced to the superoxide anion radical whose protonated

form  dismutases  with  the  formation  of  hydrogen  peroxide  and  singlet

oxygen.  It  is  believed  that  some  of  the  bubbles  in  the  water  lose  their

stability  and  collapse  under  the  action  of  light  due  to  electromagnetic

disturbances  caused  by  the  transition  of  O2 in  the  singlet  state,  and  the

process  of  collapse  is  accompanied  by  heating  (›  10000о К)  and  high

pressures  in  micro  volume.  At  this,  the  physically  active  medium  also
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becomes  chemically  and biologically  active.  Of  course,  the  inhalation  of

noble gases mixtures does not result in degassing of biological liquids, but it

undoubtedly  changes  the  gas  composition  of  dissolved gas  microbubbles,

and,  therefore,  the  extent  of  their  influence  on  the  kinetics  of  chemical

reactions in the aqueous phase. This is also seen from the information about

a  significant  (up  to  ten  times)  change  in  the  rate  of  ultrasound-induced

chemical reactions in the presence of noble gases [150]. It is important that

the described effect on the rate of reactions is typical for argon, but not for

helium [149]. Of course, the inhalation of noble gases mixtures does not lead

to degassing of biological liquids, but beyond all doubt it changes the gas

composition of dissolved gas microbubbles and may affect the kinetics of

biochemical reactions. We have checked this assumption with the help of the

model of spontaneous and adrenaline-induced platelet aggregation (Fig. 19,

right). As can be seen from the figure, the processing of blood plasma with

xenon-oxygen  mixture  results  in  the  reversion  of  the  direction  and

enhancement  of  the  adrenaline-induced  changes  in  the  plasma  optical

density.

Besides, the results of vacuumizing (degassing) the plasma and purging

it with xenon were qualitatively and quantitatively similar. It appears that the

study of  the dissolved gas microbubbles role is a promising direction for

analyzing the mechanism of noble gases action. The search for the molecular

mechanisms of the phenomenon of anesthesia under the action of the noble

gases continues.
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Fig.19.   Left  – change in the natural,  adrenaline-  and ADP-induced platelet
aggregation (% of control) caused by: 1- 250 mg aspirin; 2- 325 mg aspirin; 3- 500
mg aspirin, 4- plasma degassing; 5- plasma degassing + 250 mg aspirin; 6- plasms
degassing +  325  mg aspirin;  7-  plasma degassing +  500  mg aspirin;  8-  degassed
plasma + normal plasma = 250 mg aspirin; 9- degassed plasms + normal plasma +
325 mg aspirin; 10- degassed plasma + normal plasma + 500 mg aspirin; Right –
influence  of  xenon,  vacuum  and  adrenaline  on  the  optical  density  of  platelet
suspension in blood plasma. (The Figure is borrowed from [146]).

Thus, theoretically predicted is the possibility of the existence of a new

type  of  compounds  formed  by  the  introduction  of  xenon  atoms  in  the

molecules  of  unsaturated  hydrocarbons  such  as  acetylene,  benzene,  or

phenol. It was shown that the compounds H-Xe-C2H, H-Xe-C6H5, and H-

Xe-OC6H5,  H−Xe−C2−Xe−H  and  H−Xe−C2−Xe−C2−Xe−H  are

thermodynamically  stable.  Polymers  H−(Xe−C2)n−Xe−H  should  also  be

stable [150].

The above brief overview of the possible molecular mechanisms of the

interaction between xenon and biologically important molecules shows that

this problem is far from being resolved.

The Mechanism of Xenon Therapeutic Action

The  therapeutic  effect  of  xenon  is  observed  at  subnarcotic

concentration in the inhalation mixture or during its introduction by a non-

inhalation way when its concentration in the blood a fortiori cannot exceed

the level required for anesthesia. What common may be, it would seem, in

the anesthetic effect of xenon, which is expressed in amnesia, immobility,

attenuation  of  autonomic  responses  to  painful  stimuli,  analgesia  and

depression  of  consciousness,  and  antihypoxic,  anti-inflammatory,

cardiotonic,  neuroprotective,  anti-stress  and antioxidant  effects,  which are
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characteristic of its therapeutic action. It is possible that such very different

effects  may  be  explained  by  the  action  of  xenon  on  related  molecular

mechanisms having different rates of flow. For example, in the framework of

the lipoid theory (see above) the introduction of a xenon molecule in the

membrane lipid matrix can cause disruption of  the operation of  receptors

associated  with  ion  channels  of  neurons  excitable  membranes  and,  as  a

result,  anesthesia  (left  diagram)  (Fig.  20).  Or  cause  a  conformational

disruption in the receptors associated with G-proteins, and as a consequence,

modulation  of  the  activity  of  metabolic  processes  inside  the  cell,  for

example, of glucocorticoids ACTH-induced synthesis or of growth hormone

synthesis (right diagram) (Fig. 20).

Fig.20. Hypothetical scheme of interaction between xenon atoms and ionotropic (left)
and metabotropic (right) receptors.

From this point of view, a great number of xenon therapeutic effects

are a subset of anesthetic effects, and the qualitative difference between them

is determined, on the one hand, by the difference in concentration of an inert

gas,  and on the other  hand,  by  the  time required for  the  development  of

anesthesia  (3 to  5 minutes)  and the time required for  the development  of

metabolic effects (hours, days). In addition, binding with a ligand transfers

metabotropic  receptors  into a  state  of  activation for  seconds and minutes,

which is hundreds of thousands of times more than the time of ionotropic

receptors  activation  [152,  118].  In  this  regard,  the  influence  of  xenon on

metabotropic receptors exerts a persistent and long-term effect on the body.

The  above  considerations  are  not  specifically  related  to  the  lipid  theory.
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Similar conclusions can be drawn with regard to the hypothesis of a clathrate

or any other mechanism of the xenon physiological activity since ultimately

the most important stage of interaction between atoms of the chemically inert

gas and biological tissues can only consist in the modulation of the activity of

existing ionic or metabolic homeostasis systems. Thus, we assume that the

anesthetic  effects  of  xenon are  the result  of  the predominant  influence of

xenon atoms on ionotropic receptors, and therapeutic effects are caused by

the dominant impact on metabotropic receptors [153]. The exception is the

analgesic effect of xenon, which is presumably related to ionotropic receptor

neurons of gray matter, posterior roots and substantia gelatinosa of the spinal

cord [27, 34] and which is becoming apparent in the therapeutic range of

concentrations.

In accordance with this assumption and the subject of this Chapter, we

investigate the opportunities offered by the possible influence of noble gases

on  metabotropic  receptors  in  order  to  explain  the  mechanism  of  their

therapeutic activity. The literature provides many data on the impact of noble

gases on hormonal balance, which is directly or indirectly controlled by the

activity of metabotropic receptors. In particular, the authors of [26] found out

an increase in levels of prolactin and noradrenaline and a drop of the level of

somatotropin in the plasma of patients after xenon anesthesia.

Fig.21. Change in the hormonal status of rats after a long-term stay in the
atmosphere of xenon and krypton. The data were borrowed from [154]
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The effect of xenon and krypton on the hormonal status of the organism

was also observed in animals [154]. In particular, it was shown that a long-

term  stay  of  rats  in  the  air-krypton  or  air-xenon  atmosphere  causes  an

increase in the concentration of cortisol and progesterone, and reduced the

concentration of general thyroxine (T4) and testosterone in the blood of rats

(Fig.  21).  Given  the  extremely  wide  range  of  metabotropic  receptors

regulatory  effects,  it  can  be  assumed that  modulation  of  their  activity  by

xenon and other noble gases can under certain conditions produce a wide

range  of  pharmacological  effects.  For  example,  xenon  exerts  a

hepatoprotective action on rats with toxic hepatitis, which was caused by a

single  intraperitoneal  introduction  of  50-%  oil  solution  of  carbon

tetrachloride  (СCl4),  at  a  dose  of  3.5  ml/kg  [155]  (Fig.  22).  Xenon  was

administered  in  the  form  of  a  saturated  solution  in  the  preparation  of

“Katomas” (an analogue of sea-buckthorn oil) with an oral probe once a day

for the first and second days of the experiment. The mortality rate of control

group animals was 50% within 3 days. The use of a xenon preparation at a

dose of 3.2 ml/kg completely protects animals from death by the action of

free-radical products of this compound metabolism.

Fig. 22. Effect of a xenon dose on the level of malondialdehyde and elastase in the
liver homogenate of a rat with experimental hepatitis. The diagrams were borrowed

from [155]

Thus,  in addition to the known anesthetic  and analgesic  properties,  xenon

may also possess antioxidant properties. This is evident from the outcomes of

a  study  on  the  influence  of  the  xenon  dosage  on  the  level  of  known

inflammatory  markers  –  malondialdehyde  and  elastase  (Fig.  22).  The

antioxidant effect of xenon is clearly visible from the results of studies on the
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effect of the gas oil solution on antioxidant-prooxidant index API (calculated

by the ratio of catalase and malondialdehyde activity) (Fig. 23).

Fig.23. Effect of a xenon dose on oxidant-prooxidant index API of liver homogenate
of rats with toxic hepatitis. The diagrams were borrowed from [155]

Lavage with water saturated with xenon reduces mortality and halves

the recovery period of surviving rats with experimental faecal peritonitis. The

authors believe that the positive effect of xenon is associated with its anti-

inflammatory  effect  and the  influence  on the  liver  detoxification  function

[156]. The mechanism of anti-inflammatory and antioxidant effect of xenon

is not yet clear. It is obvious that being an inert gas xenon cannot directly

interact  with  free  radicals.  Most  likely,  the  named  effects  of  xenon  are

connected with the modification of the activity of membrane metabotropic

receptors involved in maintaining the oxidative-antioxidative balance of the

organism [119]. Of course, the fact of some factor influence on metabotropic

receptors does not mean that such influence is beneficial for the body. The

main question that arises when familiarizing with many and varied examples

of therapeutic activity of noble gases is: what explains the selectivity of this

activity?  Why  does  xenon,  for  example,  have  therapeutic  (healing),  anti-

inflammatory,  detoxifying  and  anti-hypoxic  effects,  and  not  pathogenic,

proinflammatory, intoxicating and hypoxic ones? We will return to this issue

in more detail in the fourth Chapter.

Xenon Application Technique

Medical  xenon  is  understood  as  a  gas  including  99.99% of  xenon.
Other gases should not exceed the values shown in Table 2.
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Table 2. Requirements to Medical Xenon

Currently there are two certified products that meets the requirements

listed  above.  They  are  KseMed®  manufactured  by  "AKELA-N",  Russia

(http://www.akela.ru/medicine/xsemed),  and  KSESAN®,  manufactured  by

“ICEBLICK”, Ukraine, (http://www.iceblick.com). Both drugs are registered

as medicines  in Russia  and Ukraine respectively.  Both drugs are  used by

inhalations  with  xenon-oxygen  mixtures;  the  maximum  concentration  of

xenon  is  80%.  The  respiratory  gas  mixture  is  formed  in  the  anesthesia

apparatus.  The concentration of  xenon and oxygen is established with the

help of rotameters and under control of the oxygen gas analyzer installed on

the inhalation and exhalation channels.  In  case  of  mono-component  mask

general anesthesia it is necessary to achieve complete sealing of the breathing

circuit system, and use the laryngeal mask upon reaching the surgical stage.

In the case of endotracheal version, the introductory anesthesia is performed

in combination with barbiturates or other drugs for /in the general anesthesia

(ketamine+diazepam, propofol), then the muscle relaxant is injected and the

intubation is performed. After transfer to ALV a 5-minute denitrogenization

with  100% oxygen  is  performed at  a  gas  rate  of  10  l/min  and  a  minute
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volume  of  breathing  of  8-10  l/min  along  the  semi-open  circuit.  After

denitrogenization the gas mixture of xenon and oxygen is established under

control  of  the  gas  analyzer  and  rotameters.  After  the  general  anesthesia

termination,  the  supply  of  xenon  is  cut  off  and  the  patient’s  lungs  are

ventilated  during  4-5  min  with  the  oxygen-air  mixture  to  ensure  the

elimination of xenon with the use of auxiliary ventilation. The extubation is

performed with the  first  signs  of  consciousness  provided full  recovery of

spontaneous breathing is achieved.

Xenon Consumption by Various Apparatus and Economy of Xenon Therapy

A common objection to the use of xenon in medicine is the high cost of

the  latter.  However,  the  costs  of  traditional  and  xenon  courses  for

rehabilitation  of  drug  addicts  are  practically  the  same  (USD  900/918,

evaluated was when xenon cost was USD 6/liter [157]) and the duration of

treatment  is  three  times  less  (21/7  days).  Besides,  the  xenon therapy  has

several advantages over traditional methods of treatment: faster detoxification

of  the  body  and  significant  reduction  in  the  severity  of  autonomic

psychosomatic  disorders;  pronounced analgesic  effect  of  xenon; decreased

drug loading; and early adaptation of the patient to the drugs antagonists of

opiate receptors [157]. The cost of the xenon therapy may only be reduced by

the use of special inhalation equipment. Now circular contours of the semi-

closed or closed type are used for xenon anesthesia and treatment with inert

gases.  In  the case  of  semi-closed circuit  low- (1 l/min) or  minimum-flow

(0.5-0.25 l/min) mode is made use of. For the first time a low-flow xenon

anesthesia was conducted in Russia in 1993 [34]. The consumption of xenon

at  low-flow and minimum-flow anesthesia,  and  the  latter  with  the  closed

circuit  makes 10, 4.3 and 4.1 liters per hour [158]. When applying xenon

anesthesia,  the  gas  consumption  can  be  substantially  reduced  through

recycling technology developed in Russia [159]. The technology of recycling

consists  in re-using the xenon consumed in anesthesia.  Special  adsorption
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units are applied, which serve to capture xenon from the gas mixture leaving

the  breathing  apparatus  circuit.  The  unit  is  a  metal  container  filled  with

activated carbon and provided with hermetic plugs. The capacity of such a

unit is sufficient to capture 500 liters of xenon, enough to conduct more than

120 surgical operations with low-flow anesthesia. After the trapping unit is

filled up, it is sealed and sent to a specialized company, which desorb xenon

at  a  high  temperature  and  then  subject  it  to  cryogenic  treatment.  The

described technology allows to save  about 80% xenon.  Thus,  the average

consumption  of  xenon  in  consideration  of  recycling  for  low-flow  and

minimum-flow anesthesia and the anesthesia with the use of closed circle is

2,  0.86  and  0.82  liters/hour,  respectively  [158].  This  is  a  very  important

achievement since the world production of xenon is not unlimited and as of

2009 is only 7,500 m3/year (Russia and Ukraine produce a total of only 3,000

m3 per year 90% of xenon being exported). Meanwhile, xenon widespread

introduction  into  medical  practice  can  require  at  least  250,000  cu.  m per

annum  in  Russia  and  minimum  1,300,000  m3 in  Europe  [160].  The

application of recycling technology potentially expands the resource base of

the xenon anesthesia on account of returned gas and allows, other conditions

being equal, to increase the share of xenon anesthesia in the total number of

annual anesthesia with the use of inhalation anesthetics.

However, the actual value of the secondary xenon remains a limiting

factor that prevents the use of xenon in medicine. Thus, xenon cost being $ 6

per liter according to [157] the cost of two-hours anesthesia in terms of the

primary and secondary xenon is $ 80-112 and $50-90, respectively [157], in

2005 prices.

The given ratio of the primary to secondary xenon values is not always

sufficient to motivate end users of the xenon equipment to collect the exhaled

xenon in its capture unit and forward the latter to centralized enterprises for

cryogenic  cleaning.  Meanwhile,  there  potentially  exists  another  way  of

obtaining  secondary  xenon  –  sorption  of  the  exhaled  xenon  by  a  special

59



adsorber followed by purification of desorbed xenon in loco. This method is

proposed  in  [161].  Suggested  in  the  patent  is  a  device  for  the  inhalation

anesthesia  implementation,  which  includes  an  apparatus  for  anesthesia,

removable  cartridge  with adsorbent  and a  cryopump,  a  part  of  the  xenon

regeneration  system.  The  xenon  regeneration  system  also  comprises  a

desorber,  vacuum  pump,  apparatus  with  getter  filler  tank  to  collect  the

recycled xenon and chromatograph. Currently, the method described in the

patent is not applicable due to the complexity of its implementation. At the

same time, xenon of high purification may be replaced by xenon-nitrogen-

oxygen mixture, if it is free from toxic impurities and contains not less than

25% of oxygen. Such mixture may include 5 to 20% of xenon, which is quite

sufficient  for  xenon  therapy.  On  the  basis  of  these  considerations,  we

implemented a design installation for xenon therapy, which culminated in the

creation  of  a  device  enabling  a  50-%-reduction  in  the  cost  of  xenon

inhalations. The installation will be described below in the Section “Xenon

Anesthesia  and Therapy  Equipment”.  In  order  to  optimize  the  process  of

sorption-desorption  we  used  the  quantitative  evaluation  of  the  xenon

elimination  from the  body  of  three  volunteers,  men  aged  35  to  41.  The

average  age  of  the  subjects  was  38  years,  mean  weight  78+-4  kg.  The

concentration  of  xenon  was  measured  by  means  of  gas  chromatography.

Sensitivity  was  increased  by  concentrating  the  sample  of  the  air  exhaled

during  the  two-minute  respiratory  excursions  into  the  respiratory  bag

previously filled with 5 l of pure oxygen.

Fig. 24. Xenon concentration in the gas exhaled by the subjects on completion of a
three-minute inhalation (the data courtesy of “Iceblick», Odessa)
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Before  starting  the  experiment,  the  subjects  breathed  xenon-oxygen

mixture in a breathing apparatus with a closed circuit. The kinetics of the

xenon concentration decrease in the exhaled air  is  shown in Fig.  24.  The

concentration of xenon in the exhaled gas directly after the completion of the

three-minute inhalation averaged 64±6% from the initial one. For example, in

the graph shown in Fig. 24 this value of C1 = 216,959 ppm as against C0 =

341,299 ppm in the initial mixture.

The concentration of xenon by the 8th minute is equal to 2,356 ppm,

which is only 1% of the alveolar concentration at the end of inhalation C1.

Xenon concentration reduction graphs obey first-order kinetics and are

well described by equation LnC=8.17 - 0.049 *t and LnC=5.4 - 0.0097 *t on

sites  8  to  68  (plot  a)  and  68  to  298  minutes  (plot  b),  respectively.

Extrapolation of the straight sections gives a value of C2 = 3,533 and C3 =

221. The obtained results allow to draw some conclusions about the nature of

the pharmacokinetics of xenon introduction into the organism by inhalation

that  basically  corresponds  to  a  single-chamber  model,  in  which  xenon  is

rapidly distributed to well-perfused organs (heart, lungs, liver, kidneys, and

endocrine glands), and then is eliminated through the lungs. The contribution

elimination of  poorly-perfused organs (muscles,  skin and fat)  is  relatively

small and begins to appear within an hour after inhalation. Integration of the

above equations shows that the total amount of xenon released under such

conditions is 395 ml (5,000 ml*79,077 ppm), which is only 63% of the xenon

consumed during the inhalation process. Based on the obtained regularities it

can  be determined that  the average amount  of  xenon exhaled by subjects

during the first eight minutes is 582 ml. The overall balance of xenon during

the experiment looks as follows: the initial volume of xenon was 1,705 ml,

after three minutes of inhalation 885 ml remained in the bag; together with

xenon that was sorbed in the body it makes 1,280 ml. Thus, pending the first

8 min after the inhalation termination in this experiment 424 ml were lost,

which  is  approximately  equal  to  the  content  of  xenon  in  xenon-oxygen
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mixture in terms of the functional lung capacity (about 2,500 ml). From the

data  obtained  it  is  seen  that  after  brief  inhalations  the  amount  of  xenon

remaining in the body of the patient after the completion of the xenon fast

phase redistribution from the peripheral chamber into the central one is about

half the amount spent by the patient within eight minutes after inhalation,

about 95% fall to the first  five minutes.  Thus, the algorithm of the xenon

inhalation system ending in five-minute adsorption of xenon from the gases

exhaled by the patient  allows to ensure the preservation for  future use of

about a half of the noble gas spent.
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Chapter 2.  OZONE AS A THERAUPETIC AGENT.

THE PHARMACOLOGICAL PROFILE OF OZONE 

Modern views on the mechanism of therapeutic action of ozone:

achievements

   The detectable and main feature of ozone is its oxidative properties. The

chemical behaviour of ozone reactions in the water environment depends on

its components. In a clear water, the main products are molecular oxygen and

hydrogen pereoxide (see Fig. 1).

Fig. 1. Scheme of ozone reactions in the water environment. Indications in the
picture: M – molecules, oxidizing in the process of interreacting with ozone, turning

into Moxid  (often, this is the reaction H2O2HO2
-+H+ ); I – molecules initiating

ozone`s turning into primary radicals, O2 and OH. ; S – radical scavengers,
inactivating radicals with the formation “scavenged radical”; secondary reactive
radicals – secondary radicals R that are formed in interreaction of M` -molecules
with hydroxyl radical OH and then in interreaction with O2, producing oxidized

forms M’oxid. The scheme was borrowed from [1].

Products of reactions of the said substances with aldehydes got a general

name  of  messengers,  which  transport  the  blood  and  a  signal  to  activate

detoxication  processes,  turn toxicants  into water-soluble  compositions  and

their excretion. Any direct reaction of ozone with the cell membrane does not

happen as the ozone access to it eliminates two protection lines: the first one

consists of lipoproteins of the plasma, coming into reaction with ozone and
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forming lipid peroxides and ROS; the second one consists of water-soluble

antioxidants [2] (see Fig. 2).

Fig. 2. 

Scheme that illustrates the reactions of ozone with the plasma and protection of the
cell membrane. At the beginning, ozone is used to form hydrogen peroxide and other
ROS, and lipid oxidation products (LOP). The membrane protection from the said

products is performed by albumins (big ellipses) and water-soluble antioxidants
(urine acid, glucose, antiscorbutin and so forth) – (small circles, triangles and

rectangles). The illustration was borrowed from [2].

So, having a direct contact with ozone, the blood cells are exposed to

immediate  impact, in the capacity of which the molecules of H2O2 are acting.

The concentration of hydrogen peroxide in the plasma of the ozonized blood

is  around  40  mcg/ml  [3],  and  the  intracellular  concentration  is  around  4

mcg/ml.  It  is  supposed  that  intracellular  hydrogen  peroxide  produces  the

following  effects  [4]:  1)  in  erythrocytes  –  increases  the  production  of

Adenosine triphosphate and 2,3 – diphosphoglycerate. The latter is equal to

the mild blood acidosis as it decreases the affinity of hemoglobin and oxygen

that  strengthen the oxygen-transporting blood function;  2)  in  leucocytes –

activates  the  Neutrophil  phagocytic  activity;  inside  of  monocytes  and

lymphocytes,  H2O2 activates  tyrosine  kinase  with  the  further  IκB protein

phosphorylation, which takes the part of a negative control agent of signal

transduction in the NF-κB signaling pathway, and thus increases the level of

cytokines INFg and IL-8 and proteins of the acute stage of inflammation; 3)

in thrombocytes – leads to the increase of the level of growth factors PDGF-
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AB,  TGFb-1 and interleukin IL-8 that are beneficial in healing of ulcers in

the peripheral artery disease. Another result of the reaction of the molecules

H2O2  and biomolecules  is  aldehydes  4-hydroxy-2-hexenal  (4-HHE)  and 4-

Hydroxy-2-nonenal  (4-HNE),  which are  correspondingly  formed from n-3

and n-6 of the residue of polyunsaturated fatty acids. These aldehydes are

enough reactive and react with free glutamine, carnosine and albumines. The

products of this interreaction are hypothetic transmitters of the signal about

the oxidative attack of the ozone therapy procedures. Being transported with

the  blood,  these  compounds cause  the  mild  oxidative  stress  in  the  whole

organism. The generation of  such a  stress  acquires  a  key meaning as the

introduction of this factor to the consequence of the organism reactions to the

oxidizing agent, ozone allows explaining its antioxidant properties. Let us see

it through the example of the mechanism of the ozone therapy action to the

pathogenesis of Parkinson disease (see the scheme in Fig. 3) [5]. The main

reason  of  the  progression  of  Parkinson  disease  is  the  apoptosis  of

dopaminergic neurons in Substantia nigra, caused by the disbalance of the

levels  of  ROS  and  activity  of  the  antioxidant  system.  The  unbalanced

production of  ROS leads to the caspase activation directly or  through the

cytochrome  c  oxidase  (right  part  of  the  scheme,  Fig.  3).  The  balance

reinstitution is caused by the mild oxidative stress (left part of the scheme,

Fig. 3). The most important role in the function of protection of this stress

belongs to the transcription factor Nrf2 – protein that controls the information

transmission from a DNA-molecule to mRNA (transcription) and induces the

protein expression, protecting a cell from any active oxygen forms. In the

norm, the  Nrf2 protein is inhibited by the factor  Keap1.  Under impact  of

ROS, Keap1 is being detached from Nrf2. As a result, the transcription factor

Nrf2 is pospholysated and transferred to the cell nucleus forming complexes

with  Maf  proteins.  The  active  complex  (Nrf-Maf)  releases  the  ARE

(antioxidant response element – elements that “respond” by means of active

oxygen forms) and then, as a result, the gene transcription occurs that codes
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proteins of the second detoxification phase (Fig. 3, lower part of the scheme),

decreasing the ROS production and reinstituting the balance of oxidative and

antioxidant intracellular processes at once. 

Fig. 3. Simplified scheme of the antioxidant system activation by means of the mild
oxidative stress. Clarifications are in the text. The image is based on the illustration

was borrowed from [5].

The established view concerning the mechanism of the ozone action was

described in short above, what is accepted and widely propagated in Western

Europe by the prominent Italian scientist, Professor Bocci. The history of the

ozone  therapy  development  in  Western  Europe  started  after  the  genius

Serbian-American  scientist  Nikola  Tesla  invented  an  ozone  generator  in

1896, the operating principle of which still remains unchanged. “Tesla ozone

company”,  founded  by  the  scientist  in  1900,  started  manufacturing  the

ozonized oil as a remedy for healing of wounds and skin diseases, and for

inhaling by means of  a stream of the ozonized air  flown through the oil.

Today we would call Tesla`s method as the ozone therapy by virtue of the
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fact  that  due  to  the  oil  splashing  by  ozone,  triglyceride  ozonides  of

unsaturated fatty acids are formed. Then, the usage of ozonized oil took a

back  seat  when  they  started  using  gaseous  ozone  as  an  acting  agent  for

sanation of infected wounds directly. Eventually, this method got a name of

the ozone therapy. The ozone therapy as a treatment method was widely used

by the German doctors at the time of World War I (1914-1918). Even at that

time  it  was  shown  that  the  ozone  action  reduces  only  to  sanation  and

disinfection,  but  also comes amid the hemodynamic and antiinflammatory

actions [6]. In the mid-1940s, the present at that moment clinical experience

was  summarized  by  Erwin  Payr  in  the  fundamental  monography  “Ozone

Treatment  in  Surgery”  (Über  Ozonbehandlung  in  der  Chirurgie)  and

presented  at  the 59th Meeting  of  the  German Surgical  Society”  (Deutsche

Gesellschaft  für  Chirurgie).  Later,  the  age  of  sulfanilamides  and  then

antibiotics temporally replaced the ozone therapy from the medical practice.

However, the experience of the ozone use was not lost and the 1950-s became

a period of a rising tide of interest to the ozone therapy, which ended with the

Doctor Hansler`s creation of the first generator of medical ozone (Hänsler,

1958).  Actually,  it  was  a  generator  on  the  basis  of  the  high-voltage

transformator of Tesla and Tesla`s discharge cell, where medical oxygen was

used instead of air, what gave an opportunity to quickly increase (from a few

mg/litre to hundreds of mg/litre) the ozone concentration in the gas mixture

and  eliminate  harmful  nitrogen  oxides  from  it.  The  presence  of  a  stable

source of the clear ozone-oxygen mixture with a regulated concentration gave

the opportunity to ozonize blood. The collective works of the Dr. Hansler and

Dr. Wolf brought the ozone autohemotherapy (AHT-O3) to a modern level.

Since  then,  this  procedure  became  a  favourite  ozone  therapy  method  in

Western  Europe.  The  Russian  school  of  ozone  therapy,  developing  in  a

relative isolation from the world school till the beginning of 90-s of the last

century, was founded through the search of a method to reduce the oxidative

stress  in  patients  at  the  time  of  surgeries  using  the  apparatus
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for artificial oxygenation of blood. In the course of this search in the middle

of  80-s,  carried  out  by  the  group  of  scientists  at  the  Central  Scientific

Research Institute of the Gorky Medical Institute, a new method of the ozone

therapy was established – intravascular  injection of  ozonized solutions.  In

October 1977, the first approbation of this method was performed on a gross

animal,  and  in  April  1979  for  the  first  time  in  the  world  the  ozonized

cardioplegic solution was injected to the coronary bed of the patient in the

course of the surgery for congenital heart defect. In November 1986, for the

first time the ozonized artificial blood circulation was performed at the time

of the mitra valve replacement. In the course of researches of S.P. Peretiagin,

the ozonized saline solution was firstly applied in the animal experiments,

and then introduced to the medical practice. Study of the results of the ozone

saline solution`s application led to the Russian scientists` acceptance of the

European concept “mild oxidative stress” with the subsequent activation of

the body antioxidant system [7], [8]. So, the concept “mild oxidative stress”

is a core of the modern consensus in the field of the systemic ozone therapy.

However, there are some “unconventient” questions collected by now. 

1) Why does the injection of microscopic ozone dosages to the blood

cause so strong effect in the whole organism? Let us count the number of

oxygen active forms, which are formed in the organism during 24 hours: per

day an ordinary man absorbs 11 thousand litres  of  air  (15 kilos).  Among

them,  the  air  adsorbed  in  the  lungs  equals  to  430  grams  per  day

approximately.  In  the  process  of  two-electron  reduction,  oxygen  atoms

temporally  turn  to  ROS.  Therefore,  only  in  the  respiratory  chain

approximately 10 grams of ROS are formed during the performance of a 30-

minute procedure of the ozone therapy. Here, ROS production of ferments is

not  considered,  for  instance,  NADPH oxidases  of  PMNs,  scavenger  cells,

cytochromes P450 by dependant oxygenases in the proteolytic conversion of

xanthine dehydrogenase to xantinoxidase and so forth [9]. Should we only

take into account the radicals` products in the respiratory chain, and basing
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on the fact that ROS wastage in the mitochondria is at least 5% [10], we will

have a total mass of ROS that is formed during the procedure and equals to

500 mg. In the ozone dosage, which is 5 mg in AHT-03, the part of ROS,

obtained in the course of the ozone therapy procedure, will not be more than

1%. Thus, this known low ratio shows that the part of endogeneous sources

of ROS surpasses the part of the induced by the ozone therapy in times just

during the procedure. Should we recount for a daily dosage, we will get a

much  more  exciting  ratio.  Of  course,  it  can  be  interposed  thar  peroxide

oxidation of  lipids has a chain nature and can have a propagation plot of

exogenous ROS coming in the course of the ozone therapy procedure. But, it

equally concerns engoneous ROS, and subsequently the objections seems to

be groundless. On the basis thereof, the first question can be asked in another

way: why does exogenous ROS, part of which is less than 1% of the volume

of simultaneously formed exogenous ROS, have so great significance for the

organism homeostasis  to  explain  them by the  presence  of  the  theraupetic

ozone effect?

2)  Why  do  the  consequences  of  the  ozone  induced  “mild  oxidative

stress” overcome the strong oxidative stress, lying, as commonly cited, in the

basis  of  pathogenesis  of  the  majority  of  diseases  (for  instance,  in  the

intoxication) [11], [12], [13], having which the use of the ozone therapy in a

standalone way or together with a standard treatment give good results? Let

us consider  a  typical  example of  pathogenetic  substantiation of  the ozone

application for treatment of Parkinson disease. See Fig. 3. Apllying it to this

scheme, our question looks like this: why are the present products of ROS,

specific to this disease,  not  sufficient  for  the decomplexation of Nrf2 and

Keep-1 and activation of the transcription of anioxidative proteins? In other

words, why did the authors have not indicate the way from the mitochondria

to the complex Nrf2/ Keep-1 on the scheme, which is represented by the bold

arrow?
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3)  Why  does  the  therapeutic  effect  of  the  systematic  ozone  therapy

course  last  a  few months,  and  then  the  patient`s  condition  automatically

return to the initial one? This fact, well-known to ozone therapy doctors, is

usually  explained  by  the  lifetime  of  erothrocytes  or  endotheliocytes  are

approximately  4  months.  Let  us  remember  that  in  the  years  since  R.

Schoenheimer it is known that the lifetime of lipids is very short and does not

exceed 1.5-8 days [14]. Due to this, the well-known scheme of activation of

the pentose-phosphate pathway in erythrocytes and shift of the hemoglobin

saturation S-curve by means of the level increase of 2,3-diphosphoglycerate

[15], caused by the presence of ozone, seems unpersuasive as it means the

constant maintenance of the increased level of lipid peroxidation during many

months. In other words, why do the erothrocytes or endotheliocytes, which as

if provide the continuity of the ozone impact, save the memory about a one-

time impact of the ozone microdoses during the whole life cycle, happening

in the organism during their existence? 4)  Why  are  the  periods  of

deterioration and improvement  in  the  patient`s  condition  permanently and

repeatedly fixed in the course of the ozone therapy, what is totally abnormal

for the usual practice of the chemotherapy or pharmacotherapy? How is this

peculiarity of the time-limited ozone therapy course relevant to the theory of

“mild oxidative stress”? 

There is a popular question that is asked by the novice ozone therapy

doctors:  why  cannot  the  ozone  therapy  be  replaced  by  the  injections  of

hydrogen peroxide microdoses as the main product of interreaction of ozone

and water is H2O2  (see Fig.1)? And why can`t the ozone therapy course be

replaced by the course of intake of antioxidants? Usually, the answer is as

follows: antioxidants and hydrogen peroxide give a short-term effect and the

ozone therapy gives a long-term effect. At this, the longtermness of the ozone

effect simply does not result from the present theoretical base of the ozone

therapy. For instance, the potential possibility of reinforcement of the effect

of  “mild  oxidative  stress”  by  means  of  expression  of  the  transcriptional
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factors  in  the  form of  the  scheme,  presented  in  Fig.3,  cannot  be  simply

applied to the nuclear-free erythrocytes that as though provide the continuity

of  the  ozone  effects  at  the  organismic  level  during  several  months.  It  is

deemed  that  the  main  reason  for  the  occurrence  of  the  aforedescribed

“unconvenient  questions”is  the  tradition  to  study  the  ozone  therapy

mechanisms  at  the  cellular  level  out  of  the  activity  of  the  organism

homeostatic systems. The example of such a tradition is the transfer of the

ozone activity from the blood samples, got at in vitro conditions, to the liquid

movable connective tissue of the internal environment of the organism, which

is blood. We do not even mention that in the real interaction the areas of this

organ mix with the intact blood stream running into the blood flow from the

smaller veins. For this reason, the obtained in vitro data can have an entirely

different  quantification  in  the  real  organism  conditions.  It  is  much  more

important that the blood as an organ has an inextricable connection with other

organs, firstly, with the blood system of the organism, which immediately

reacts  to  the  blood  parameters,  putting  them  to  a  normal  state.  The

fundamental characteristic of the homeostatic system of the organism is to

maintain any properties of the organs included into it at a normal level till its

adaptation abilities have not been exhausted. Applying this to the problem

discussed by us, it means that a more dialectically proper method to study the

ozone activity mechanism is the study of reactions of the organism adaptation

system to the impact of a disturbing factor, which is ozone, and not the study

of reactions of the organs isolated from the homeostatic system to this factor.

Figuratively speaking, if we could not unravel “the fate” of the erythrocyte

during  several  months,  which  was  undergoing  the  attack  of  the  ozone

molecules in the organism, then it would be quite different than the fate of the

erythrocyte,  experienced  the  same  influence  in  vitro.  Probably,  if  we

measured the concentration of 2,3-DPG in it, it would be increased, but not

because of that fact that the ozone oxidated lipid molecules remained in it,

just  as  this  is  a  specific  feature  of  the  generalized  adaptation  organism
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reaction to  a  disturbing factor  [16].  It  is  obvious that  this  impact  will  be

undergone by all erythrocytes of the organism, even those ones that were in

the depot blood at the moment of the ozone therapy procedure. If we checked

the level of diene conjugates or malondialdehyde, then these levels would

also be changed as compared to the controlled one, but not because of the

continuation of the peroxide oxidation in erythrocytes, what is initiated by

ozone, and because of that fact that one type of the adaptation reaction of the

organism is  the metabolic  change of  icosanoids,  the natural  side  issue  of

which  is  the  said  compounds  [17].  The  generality  of  the  neurohumoral

reactions  of  the  adaptation  system releases  us  also  from the  necessity  to

construct theoretical schemes of the information transfer from the samples of

the ozonized blood to the non ozonized, search of hypothetic messengers, as

represented in Fig.3, and other theoretical abstractions. We performed this

imaginary experiment to show that the study of reactions of the adaptation

homeostatic systems discovers quite different paths to learn the ozone activity

mechanisms. At this, we will finish the indirect discussion with the respected

supporters of the idea about “mild oxidative stress”, and go into describing of

the practical aspects of the ozone therapy – indications, methods and results

of the use of such a wonderful therapeutic agent – ozone-oxygen mixture. In

describing of clinical aspects of the ozone physiological activity we will use

the  traditional  assumptions  about  its  activity  mechanism.  At  the  end  of

describing we will represent our vision of the strategies of the systemic ozone

therapy,  based  on the  assumption  about  ozone  as  an  adaptogen.  We will

uphold  the  same  manner  in  the  next  chapter  devoted  to  the  therapeutic

properties of hydrogen. 
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Ozone Therapy Practice

Ozone therapy – a modern high performance medical technology of

using medical ozone for the purpose of health promoting effect. It is notable

for a wide range of nonspecific activity in numerous widespread diseases,

such as atherosclerosis, ischemic heart disease, hypertensive disease, diseases

of  the  respiratory  system,  digestive  system,  dermatovenerology  diseases,

surgery, obstetrics and gynecology diseases, neurologic pathology, infectious

diseases and so forth. 

The  ozone  therapy  has  a  wide  range  of  effect,  exercises  the

bactericidal,  virucidal,  fungicidal,  immunomodulatory,  antihypoxic,

desintoxicated effects, is well tolerated and practically has no side effects.

The use of medical ozone reduces terms of treatment, decreases the number

of mortality cases and disability status scale. 

There are two ways of the ozone application:

1. Local, with a significant disinfection activity towards bacteria,

viruses and fungi. 

2. System-related,  metabolic  one  that  leads  to  reactivation  and

restoration of the oxygen homeostasis in the organism. 

Ozone  is  a  much  more  powerful  oxidizing  agent  than  oxygen.

Therewith,  ozone  oxidizes  many  substances  inert  to  oxygen  in  the  usual

environment.  The  distinctive  products  of  the  entire  sequence  of  chemical

reactions of ozone are ozonides, which are produced in ozone`s reacting with

С═С bonds. In the biological environment, the ozone reaction with double

bonds of unsaturated fatty acids (generally with triglycerides) is dominant. 
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Ozone Therapy Procedures

Major  ozonated  autohemotherapy.  100-200  ml  of  the  venous

blood are sampled into a special container or a vacuum glass bottle with

antithrombotic agents, whereupon the ozone-oxygen gas mixture (100-200

ml with the concentration of ozone in gas of 5-30 µg/ml) is injected to it.

The content of the container or bottle is thoroughly and carefully mixed.

Then the blood is returned into the patient`s vein. The number of ozone

dissolved in the blood is counted as the product of the used gas volume per

the concentration of ozone in it. 

Fig.4. In the left photo – the scheme of the autoblood saturation, which 
was sampled in Western Europe. On the right – a pump and a container 
for ozonizing of the blood Bozon-BAGTO. 

The blood sampled into the container and return of the autoblood to

the  patient`s  vascular  system can  be  performed  either  by  gravity  flow,

raising or lowering the container or the bottle lower/upper than the place of

venipuncture, or by means of the special peristaltic pump. The pump, due

to the control system, provides an emergency stop if the air bubbles occur

in the blood return line (Fig.4, on the right).

Extracorporeal handling of large blood volumes with the ozone-oxygen

mixture. 

The method consists in the blood handling with the ozone-oxygen

mixture in a special  gas-liquid contactor,  made from the ozone-resistant

materials (Fig.5).  The blood is sampled by means of  a peristaltic pump
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from the ulnar veins of one hand, and it is returned to the vein of the other

hand after the handling with the ozone-oxygen mixture. The total number

of the handled blood is from 2 till 6 litres. The procedure lasts 2-3 hours.

The ozone concentration is 0.1-0.4 mg/l; the ozone-oxygen mixture flow is

300 ml/min; the ozone dosage received by the patient is from 5 to 10 mg.

The method is especialy effective in the treatment of  peripheral  arterial

diseases, viral chronic hepatitis, blood parasitic diseases, etc. 

Fig.5. Extracorporeal handling of large blood volumes by installing the Bozon-N-
EBOO.

Intravenous injection of the ozonized saline solution (OSS).

The solution in an amount of  200-400 ml is ozonized beforehand by

flowing the ozone-oxygen mixture through it till achieving the concentration

of ozone in the solution – 1-2 µg/ml, and then injected intravenously to the

patient. There are three variants of saturation of the saline solution: 

1) “three needles method”, using which the bottle of the saline solution

is  put  vertically  with  the  cork  directed  downwards.  The  bottle  cork  is

punctured by three sterile needles (by a long one, the tip of which is set upper

than the liquid level, and by two short ones, the tips of which are set near the

edge of the cork). The ozone-oxygen mixture goes through a short needle to

the physiological  solution,  and having bubbled through the liquid layer, it

leaves  the  bottle  through  a  long  needle  heading  towards  the  infusion  set

(Fig.6,  on the left).  The ozone-oxygen mixture keeps flowing through the
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saline solution during the entire time of infusion. The concentration of ozone

in the ozone-oxygen mixture is 0,2- 2 mcg/ml. The advantage of this method

consists  in  the stability  of  the ozone concentration in  the  ozonized saline

solution;  the  disadvantage  consists  in  the  constant  work  of  the  ozone

generator during the infusion procedure. 

2)  Method of “two needles” consists  in  the division of  stages  of  the

saline solution saturation with the ozone-oxygen mixture and infusion of the

received ozonized saline solution. This saturation consists in the following:

the  bottle  of  the  saline  solution  is  set  vertically  with  the  cork  directed

upwards, and the cork is punctured by two needles – a long one, the tip of

which is under the border of the saline solution/air, and a short one, the tip of

which is over the layer of the saline solution. The ozone-oxygen mixture in

the concentration of 10-20 mcg/ml goes through a long needle to the saline

solution, and after bubbling through the layer of the saline solution, it goes

from the bottle through a short needle and then goes to the decomposer (see

Fig.6 in the centre). The duration of the saturation procedure is 4-5 minutes.

The final concentration of ozone in the ozonized saline solution depends on

the temperature and quality of the saline solution, and can be from 1 to 2

mcg/ml. Then, both the needles are taken off,  and the bottle of the saline

solution  is  used  in  compliance  with  the  standard  rules  for  intravenous

infusion. The advantage of the method lies in the fact that the usage of the

ozone generator related to one procedure lasts approximately 4 minutes; the

disadvantage  consists  in  the  instability  of  the  ozone  concentration  in  the

ozonized  saline  solution  as  a  result  of  the  spontaneous  destruction  and

washout  of  ozone  from the  liquid  by  means  of  the  air  coming  from the

venting needle during the infusion procedure. 

3)  “Combined  method”.  The method is  applied  with  the  help  of  the

special module “Bozon-MOF” (on the right). It is different from the method

of “two needles” in that the compensation for losses of the ozonized saline
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solution in the bottle at the time of the intravenous infusion is performed not

by  the  air,  but  by  the  ozone-oxygen  mixture  from  the  special  module

container. In certain proportions of the required ozone concentration in the

ozonized saline solution and ozone-oxygen mixture and measurement of the

temperature of the environment, the stability of the ozone concentration in the

ozonized saline solution is achieved during the whole time of the infusion

procedure in the same manner as when using the method of ‘three needles”.

The procedure of the saturation of the ozonized saline solution by the ozone-

oxygen mixture consists in the fact that the bottle of the saline solution is

installed in the module vertically with the cork directed downwards, and the

corks  are  punctured by two needles:  1)  a  special  coaxial  needle,  through

which the  bubbling of  the ozonized saline  solution is  carried out  and the

ozone-oxygen  mixture  is  removed,  and  2)  a  needle  connected  with  the

standard system for intravenous infusion. After the 4-minute bubbling, the

module is ready for  the procedure of  intravenous infusion – the ozonized

saline  solution  has  been  saturated  to  the  required  concentration,  and  the

buffer pot has been filled with the ozone-oxygen mixture in the concentration

required for the compensation of the ozone destruction in the ozonized saline

solution. 

Fig.6. Variants of the saline solution`s saturation with ozone.

The ozone concentations in the ozone-oxygen mixture, required for this

batch of the saline solution, are set in the prior experimental procedures of the

saline solution`s saturation and on the basis of the empirical equation of the

environmental temperature and required ozone concentration in the ozonized
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saline solution. The real ozone concentration in the ozonized saline solution

is controlled by means of the measurer adapted for the measurement of ozone

in water. 

There is a special unit “Bozon-N+”, which carries out all the described

procedures,  which  include  the  automatic  measurement  of  the  ozone

concentration in the ozonized saline solution [18] (Fig.6, on the right). As it

can be seen in the picture, the ozone concentration in the ozonized saline

solution is at a constant level during the whole time of infusion (Fig.6, on the

right).  Besides  that,  the  unit  automatically  takes  into  account  the  saline

solution`s ability to be ozonized, which is significantly measured according

to a manufacturer of  the saline solution and batch.  The combined method

keeps the advantages of the methods of “two or three needles” and is free

from their disadvantages. 

Rectal insufflation  of the gas ozone-oxygen mixture in an amount of

50-500 ml with the ozone concentration of 5-40 µg/ml. 

Vaginal insufflation of the ozone-oxygen mixture. 

1) The patient lies down on the gynecological examination chair with

the slightly raised pelvis. Cusco`s mirror is inserted into the vaginae, being

exteriourly vaselined. The special vaginal plastic pad-cover with two sleeves

is set into the end hole of  cusco vaginal speculum. The vaginal catheter is

joined from the inner side of the cover-obturator to the inlet sleeve of the

ozone-oxygen  mixture  supply  (see  Fig.7,  on  the  left).  The  inlet  sleeve  is

joined to the ozonator`s sleeve from the exterior side of the cover-obturator.

The  outlet  sleeve  of  the  cover-obturator  is  joined  to  the  ventilation

system or destructor with the duct from the exterior side to remove the excess

of the ozone-oxygen mixture. The procedure lasts 10-15 minutes; the ozone

concentration in the ozone-oxygen mixture is 5-20 mcg/ml; the gas flow is

200 ml/min. After the end of the procedure,    with the vaginal pad-cover is
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drawn  out.  The  vaginae  is  treated  with  a  sterile  tampon,  damped  in  the

ozonized oil.  

Fig.7. Scheme of the performance of vaginal insufflation with the ozone-oxygen
mixture. 

2) The difference from the first method consists in the appliance of the

special helicoid insufflator, equipped with the clamping base that has an inlet

and outlet nozzles (see Fig.7, in the centre and on the right). The advantages

of this method lie in the fact that the insufflator “Bozon-VIN-100” dilates the

vaginae and opens its crypts, making the whole vaginal surface available for

the ozone-oxygen mixture; besides that, the base, which the inlet and outlet

nozzles are set  on, firming respectively the perineal surface,  hermetically

seals the vaginae, hindering the ozone-oxygen mixture`s leaking outwards

Minor  autohemotherapy  with  ozone.  Sampling  5-15  ml  of  the

intravenous  blood,  mixing  it  with  the  ozone-oxygen  mixture  (ozone

concentration  –  10-30  mcg/ml)  with  the  subsequent  intramuscular  or

subcutaneous injection. 

Subcutaneous  (1-5  mcg/ml,  1-20  ml  of  ozone),  intramuscular

periarticular,  intraarticular,  paravertebral  (5-20  mcg/ml,  5-20  ml  of

ozone),   and intradiscal  injections of  the ozone-oxygen gas mixture (see

Fig.8). 
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Fig. 3. Periarticular (the upper left photo), intraarticular (the upper right photo) and
intradiscal (the photo below) injections of ozone.

Injection  of  the  ozone-oxygen  mixture  to  the  abscess  or  cystic

cavities. For treatment of the abscess or cystic cavities it is necessary to use a

thick needle  or  trocar.  After  the sanation of  the cavity,  the ozone-oxygen

mixture is injected under a slight pressure in an amount by 10-15% more than

the  removed content.  The concentration  in  first  procedures  must  be  high.

From the 3rd or 4th procedure, its decrease is reasonable. The exposition of the

ozone-oxygen mixture – up to 20 minutes. 

Intraarterial injection of the ozonized saline solution. This method is

the least  popular,  has certain indications and requires sufficient  skills  and

caution  when  it  is  applied.  It  is  extremely  effective  in  peripheral  arterial

diseases of the legs, diabetic foot and trophic ulcers (see Fig.9). 
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Fig.9. Picture of the apparatus Bozon-C for intraarterial infusion of the ozonized
saline solution and set for the artery catheterization under the Seldinger technique.

Ozone  therapy  and  reflexology.  Injection  of  gasous  ozone  in  an

amount of 0.2-1 ml in the low concentration (till 5 µg/ml) into acupuncture

points. 

Lymphotropic and sublingual introduction of ozone (see Fig.10).

Fig.10. In the picture one can see the procedure of the lymphotropic (on the left) and
sublingual introductions of ozone (on the right).

Drinking or irrigation with the ozonized saline solution and distilled

water.  It  is  an extremely effective method of the mono ozone therapy for

gastroduodenal ulcer. In the last case, 5 minutes before drinking the ozonized

distillate it is necessary to take a loading dose of the M-anticholinergic drug

(e.g.  methacin,  5  mg)  to  open  the  pyloric  sphincter  of  the  stomach.  Our

expirence, which is more than 25 years, shows that the course of 10 daily

procedures of drinking of 1-2 glasses of the ozonized distallate in the fasted
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state, composing 15-20 mcg/ml (not less!), has guaranteed the cure of the said

diseases. 

Administration  of  the  ozonized  oils.  Dermal,  rectal  and  vaginal

administration of the ozonized oils by means of the device Bozon-RVPO. It

is recommended to use the oil with the peroxide number equal to 600 for

rectal and vaginal administration (see Fig.10). 

Fig. 4. Device Bozon-RVPO.

For  treatment  of  wounds,  depending  on  the  disease  stage,  one  shall

administer the oils with the peroxide number (400, 800, 1200). At the market,

there is an oil  O`TREE line and solutions of pure ozonides in the neutral

solvent  “Ozonide”  with  peroxide  number  800,  and “OzonoVita-Medium”,

“Forte”, “SuperForte”, “OzonoVita-Denta” with peroxide number 400, 800,

1200 and 2400 as applicable. The advantage of pure solvent solutions is that

they  have  no  harmful  components  present  in  the  usual  ozonized  oil

(aldehydes, ketones, polymers) and an extended storage period (more than a

year) without decreasing of their activity. 

External use of the gas ozone-oxygen mixture. The use of special caps

with  a  normal  or  decreased  gas  pressure  (for  example,  use  of  “ozone

bagging”). The ozone concentration is 80 mg/l, 2-3 minu tes at the stage of

the  wound  sanation,  40  mg/l  at  the  granulation  stage,  5-10  mg/l  at  the

epithelialization (see Fig.12). 
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Fig.12. Procedure of the performance of external aeration with the ozone-oxygen
mixture.

Aeration of the auditory meatus with the help of the earphones 
“Bozon-LOR”.

The aeration of the auditory meatus is used for treatment of diseases

of the outer, middle and inner ear, for treatment of diseases of the paranasal

sinuses. The ozone concentration is 5-40 mcg/ml, the flow speed is 100-

200 ml/min. The earphones “Bozon-LOR”(see Fig.13) are equipped with

an internal ozone destructor. 

Fig.13. Procedure of the aeration of the auditory meatus (left), earphones “Bozon-
LOR” (right).

Inhalation of the water/ozonide mixture by means of the inhaler

“Bozon-Inga”.

The ultrasound inhaler “Bozon-Inga” gives an opportunity to get an

aerosol of ozonide or ozonized oil with a size of elements not more than 5

micrometres. It is applied for treatment of bronchopulmonary diseases and

asthma  (see  Fig.  14).  Ozonides  are  far  less  strong  oxidizing  agents  than

ozone.  The  inhalation  with  ozonides  is  completely  safe.  Furthermore,  the

inhalation  of  ozonides  causes  a  powerful  systemic  effect  –  causes
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vasodilatation and accelerates the speed of the capillary blood flow. In the

course use, it is a real alternative of intravenous infusion of the OSS.

Fig.14. Inhaler “Bozon-Inga” (left), procedure of the inhalation of the water/ozonide
mixture (right).

Dentistry.  Handling of the root canals for disinfection and handling of

the tooth cavities after preparation, disinfection and fissure opening before

their sealing (especially, in non-invasive techniques), disinfection of the root

canals in the root canal treatment, disinfection of the tooth root surface after

scaling  care  to  produce  anti-inflammatory,  antimicrobic  and  anti-edema

actions in treatment of periodontal diseases. 
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Fig.15. 

In Fig.15 – the interior of the office of the dentist-ozone therapy doctor, who
uses the ozone dental treatment unit “Bozon-stomat” (upper left), at the top right –
section of the extracted tooth, which was primarily sprayed with the ozone selective
dye and handled with ozone by means of the special tool – device “Bozon-stomat”. 
It is evident from the photo that the dye reacted with gaseous ozone in the dentin
microcanals,  showing its  high penetrating quality  into the  dentin  structure,  what
means their complete disinfection. There are two examples below that demonstrate
abilities of the method in dentistry. Pairwise, on the left – before the treatment, on
the right – a half-year after. The circles in the pictures show the cysts caused by the
infection contamination of the tooth canal. 

Indications for administration of the ozone therapy

Indications for administration of ozone in surgery.

1. Peritonitis.

2. Sepsis. 

3. Treatment and preventive care of suppurative postsurgical 

complications.

4. Oncology diseases, inc. in the postsurgical period.

5. Acute pancreatitis.

6. Cardiac surgery interventions. 

7. Osteomyelitis. 

8. Burns.
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9. Ischaemic ulcers, decubitus ulcers.

10.Pre-operative preparation and postsurgical recovery of the 

patients, who had various surgical interventions. 

In  general,  there  are  the  following  methods  of  the  ozone  therapy

applied:  major autohemotherapy or  intravenous injection of  the OSS. It  is

often when the overall effect is combined with the local use of ozone. For

instance, when peritonitis is present, it is reasonable to combine the general

ozone therapy with sanation of the abdominal cavity with a large amount of

the  OSS.  In  disorders  of  the  lower  limbs,  the  general  ozone  therapy

procedures  are  combined  with  exterior  administration  of  gaseous  ozone

(“ozone  bagging”)  or  use  of  the  oils  containing  ozonides.  The  main

mechanisms of the ozone therapeutic action in relation to patients in surgery:

bactericidal  and  bacteriostatic  effect,  enhancement  of  the  microcirculation

processes, debridement and acceleration of epithelialization, improvement of

different  elements  of  the  immune  system,  detoxication,  stimulation  of

recovery processes, analgetic and antistress effects. 

Ozone Therapy in Neurology

1. Ischaemic stroke.

2. Discirculatory encephalopathy.

3. Vegetovascular dystonia. 

4. Peripheral nervous system diseases. 

In treatment of the end damage of the vascular nature, the techniques

of  the  general  ozone  therapy  are  mainly  used  with  the  low  or  average

concentration of ozone. In case of hemorrhagic stroke, it is not advised to

administer  ozone  at  the  acute  stage  as  the  present  improvement  of  the

microcirculation processes due to the change of the blood flow properties can

enforce  the  pathology  process  development.  In  diseases  of  the  peripheral
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neuros  system  and  in  vegetovascular  and  neurodystrophuc  diseases,  it  is

appropriate to use the subcutaneous injection of ozone in small dosages.

Ozone Therapy in Gastroenterology.

1. Gastroduodenal ulcer.

2. Chronic gastritis and gastroduodenitis.

3. Acute and chronic hepatitises of various, also viral origin.

4. Chronic proctitis, proctosigmoiditis.

5. Non-specific ulcerative colitis, Chron`s disease.

6. Chronic anal fissures.

The  ozone  therapy  is  an  effective  manner  in  treatment  of  chronic

gastritis. Being administered locally, ozone overcomes the barriers created by

the inflammation due to the reaction with the membrane lipids and formation

of ozonides. The ozonized oil and ozonized water produce the bactericidal

effect, transmit active oxygen to the tissues, accelerate the healing processes.

The  antihelicobacter  effect  of  the  ozone  therapy  consists  in  various

directions.  The  direct  antibacterial  effect  consists  in  disruption  of  the

microb`s  coat  continuity  caused  by  oxidation  of  phospholipids  and

lipoproteins.  Ozone  has  an  important  curing  property  influencing  the

mitochondrial element – to activate the oxidative-reducing function of  the

respiratory mitochondrial chain. It leads to elimination of the cytotoxic effect

caused by ammonia, which is produced by HP to the gastric mucosa. The

anti-inflammatory action of ozone is also expressed in its interference in the

metabolism of arachidonic acid. The oxidation of the latter retards formation

of the platelet-aggregating factor. It is observed that ozone affects alterations

of the local immune system. On the background of the ozone therapy, it is

observed  that  there  is  an  increase  of  lymphocytes  and  plasma  cells`

production of secretory IgA that perform the immune protection of the gastric

mucosa. 
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The ozone therapy as a standalone treatment method was administered

to  101  patients  with  chronic  gastritis.  In  all  the  cases,  the  diagnosis  was

endoscopically and histologically confirmed. There were the results obtained

that certified the high potency of the method in this type of pathology. The

clinical  results  were  confirmed in  the  endoscopic  examinations.  After  the

treatment,  it  was found that  there  was a decrease or  disappearance of  the

inflammation signs,  heperemia or gastric mucosal  edema. As a significant

improvement of the state, such a treatment result was noted in 57% patients.

The state dynamics of 40% patients was defined as an improvement. In 3% of

cases, the result was estimated as satisfactory. The many-sided action of the

ozone therapy in treatment of ulcer disease, first of all, consists in the anti-

inflammatory, antihelicobacter effect. The reduction in inflammation in the

gastric mucosa and duodenum is achieved due to the general effect because

of the parenteral injection of ozone-oxygen mixtures and as a result of the

local  administration  of  ozonized  agents.  It  leads  to  acceleration  of  the

epithelialization  processes  of  the  ulcerous  defect,  disappearance  of  the

infiltrate of the mucous membrane within a shorter time than in the traditional

therapy.  The  use  of  ozone  as  an  immunomodulator  in  treatment  of  the

gastrointenstinal pathology, and particularly in treatment of ulcer disease, is

explained with the fact that in chronic bacterial helicobacter inflammation the

general immune system suffers, which is extremely evident in the patients

with  duodenal  units.  At  this,  the  helicobacter  infection`s  intensity  and

intensity of the secondary immunodeficiency state are directly related. The

immunity  improvement  in  performance  of  the  ozone  therapy  significantly

enhances  the  afterhistory  and  decreases  the  risk  of  disease  recurrence  by

several times. It is identified that the ozone therapy has a positive effect on

the local immunity. After the couse of treatment, when the cytomorphological

biopsy material  from the per-ulcer  zone  was examined,  it  was found that

there was an increase of intraepithelial lymphocytes in the gastric mucosa.

According to the data of Murrey P. and others, intraepithelial lymphocytes
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produce interferons and other lymphokines that enhance the producement of

IgA. The latter ones perform the protection function in relation to the gastric

mucosa and duodenum, increase their resistance to injuries.  Ozone has an

important ability to inhibit the cytotoxic action of ammonia produced by HP

due to the activization of the oxidative-reducing function of the respiratory

mitochondrial chain. The local blood circulation disturbance has one of the

leading positions in the concept of ulcers formation. The observed arteriolar

spasm, venous stasis and development of tissue hypoxia and acidosis as a

consequence  activate  the  kinin-kallikrein  system.  It  increases  the

permeability  of  the  capillars,  leads  to  the  disordered  microcirculation,

intensification  of  the  peroxide  oxidation  of  lipids  and  damage  of  the

lysosomal  structures  of  the  cell  elements.  Improvement  of  the  blood

circulation is also achived in the ozone therapy by a great release of oxygen

to erythrocytes. The ozone therapy is used as a standalone type of treatment

and is combined with dosage forms both. At this, its antibacterial effect is

emphasized.  It  substitutes  antibiotics  in  the  antiulcerogenic  treatment

schemes. At this, healing of the ulcerous defect, elimination of the mucosal

infiltrate, HP eragication extent are attained in a bigger percent of cases than

in the traditional therapy [19]. The ozone therapy, as a treatment method for

chronic nonulcerative colitis, takes a special place for a couple of reasons. At

first, the rectal insufflations of ozone-oxygen mixtures cause the local anti-

inflammatory  effect  and  the  general  various  actions  (antihypoxic,

immunomodulating, etc.), conditioned by the fast absorption of gas into the

blood.  At  second,  it  is  very  often  when  chronic  colitis  is  followed  by

dysbacteriosis.  And  the  superiority  of  ozone  before  antibacterial

pharmaceutical drugs (antibiotics, sulfanilamides, etc.) is undeniable as the

ozone therapy does not have any negative effects on the gut flora. According

to the data [20], when there is local rectal administration, ozone overcomes

the barriers created by the inflammation as the ozone gas molecules are very

mobile and easily attach to the mucous membrane. Ozone interferes to the
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infection  process  and  prevents  the  aggression,  and  affects  the  pathogenic

microbes,  disrupting  the  continuity  of  their  coat,  penetrating  into  the

microbial  cell,  and  thus  it  prevents  its  amplification.  Furthermore,  ozone

activates  the  protection,  enforcing  the  phagocytosis,  improving  the  local

blood circulation, affecting the humoral immunity mechanisms. It leads to the

reinstatement  of  homeostasis,  subsequent  normalization  of  the  microbial

count,  relief  of  the inflammation phenomena.  It  is  especially  important  in

chronic colitis as there is no developing resistance to this method in the ozone

therapy, and this determines it as an effective remedy. As opposite to many

antiseptic medicines that bring a destroying element to the tissues and cells,

ozone  does  not  produce  either  destroying  or  corrosive  effects.  Moreover,

being quickly absorbed in the stomach, the ozone-oxygen mixture passes into

the blood and improves the general and local oxygen supply both. Locally, it

leads to the reinforcement of the cell oxidation, which is always decreased

when chronic colitis is present. As a result, the disordered microcirculation

becomes normal, the regeneration of the intestinal epithelium is stimulated

and  the  local  immunity  improves.  It  is  worth  mentioning  that  the  ozone

therapy is also recommended to the aged persons, one of the reasons of their

chronic colitis is atherosclerotic vascular disease of the mesentery, so called

“ischaemic colitis”. The effective techniques are the techniques of the general

ozone therapy. Alongside with the signified anti-inflammatory action, ozone

enhances the trophic processes in the gastric mucosa and duodenum, and has

a bactericid effect in respect of Helicobacter pylori. In treatment of acute and

chronic viral hepatitises,  it  is reasonable to mix ozone with the medicines

with interferons. The treatment course comprises from 6 to 12 procedures of

the  general  ozone  therapy  with  an  opportunity  to  repeat  it  in  future.  In

treatment of inflammatory diseases of the stomach, rectal insufflations of the

ozone-oxygen mixture with the gas concentration from 10 to 40 µg/ml are

used. In intestinal atony, it is appropriate to administer much lower ozone

concentrations, in the spastic state – higher. In non-specific ulcerative colitis,
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Chron’s disease, it is reasonable to prescribe the ozone-oxygen mixture with

a high ozone concentration – 60-80 µg/ml in order to attain the hemostatic

effect. The amount of the injected gas depends on acceptability of patients

and cannot be over 40-60 ml at the fist stage of treatment. When the anal

fissures are present, it is appropriate to use the ozonized oil together with the

rectal insufflations of ozone in the concentrations that are not high. 

The  ozone  therapy  is  a  standalone  method  of  treatment  of  chronic

hepatitises.  It  is natural that its antiviral effect is principal in treatment of

viral hepatitis. Inactivation of viruses is attained by means of the oxidative

effect of peroxides, which destroy the cell surface receptors of the virus and

deprive it of the opportunity to attach to the liver`s cells, preventing the virus

from  penetration  into  the  host  cell,  which  cancels  its  growth  cycle.  The

growth process is also cancelled due to the splitting of the RNA virus by

ozone.  The  cells  affected  by  the  virus  are  less  resistant  to  the  effect  of

peroxides  as  compared  with  the  healthy  cells.  These  weakened  cells  are

degraded  with  the  viruses  at  the  high  concentration,  and  are  intensely

eliminated.  Peroxides  activate  the  endogenous  cellular  metabolism  in  the

Kupfer  cells  that  perform phagocytosis.  The  latter  in  chronic  hepatitis  is

always decreased,  i.e.  own peroxides destroying viruses are not sufficient.

The additional flux of peroxides induced by ozone has a beneficial effect on

the significant increase in the phagocytic activity of cells. The ozone therapy

activates  the  cell  and  humoral  immunity.  Under  the  action  of  ozone,  the

production of cytokines by lymphocytes and monocytes is enforced, and first

of  all,  interferon that  is  one of  the most  important  factors  of  endogenous

protection  of  the  organism  from  the  virus  infection.  Consequently,  the

synthesis of T-killers performing the cell immunity increases, the production

of T-helpers  becomes normal  that  regulate  the function of  B-lymphocytes

producing  immunoglobulins.  All  the  above  mentioned  is  beneficial  in

inhibition and elimination of the inflammatory process. Ozone has a positive

influence  on the  hemostasis  due  to  decrease  of  the  aggregation ability  of
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thrombocytes, increase of the fibrinolytic activity and hypocoagulation of the

blood,  preventing  the  development  of  micronecrosises  and

microthrombosises in this way. The action of ozone in alcoholic hepatitis is

associated with the fact that formation of peroxides activates the antioxidant

mechanism of disintoxication of the glutathione system, having a protective

role in hepatocyte, when the processes of peroxide oxidation of lipids become

activated. The ozone therapy can be applied as a mono-treatment of chronic

hepatitises,  and  in  combination  with  the  use  of  the  generally  accepted

methods,  what allows reducing the administration of expensive medicines.

The experience of the use of the ozone therapy in chronic hepatitises at the

hospitals  of  A.V.  Zmyzgovaia  and V.A.  Maksimova,  on the basis  of  140

patients, shows its positive impact on the clinical laboratory indications. It

was observed that there was a significant improvement of the general state

and immunologic indications, decrease or normalization of the AST and ALT

levels, disappearance of viremia in 60% cases. 

Ozone Therapy in Dermatology and Cosmetology.

1. Itching dermatosises: neurodermatitis, eczema, urticaria, etc.

2. Psoriasis, lichen ruber planus.  

3. Fungal diseases: onychomycosis, tinea versicolor, microsporia, 

trichophytosis, candidiasis.

4. Viral diseases: herpetic skin and mucosa damage, condylomata 

acuminata, warts.

5. Pyoderma, furunculosis, acne vulgaris.

6. Alopecia. 

7. Skin ulceration of various etiology (trophic ulcers, ulcerative form of 

skin angiitis, etc.)
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8. In the complex treatment of venereal diseases (syphilis, gonorrhea, etc.) 

as an immunomodulating agent.

9. Edematofibrosclerotic Panniculitis (cellulitis), striae, scars, 

telangiectasias.

In this group of diseases, the main techniques are the techniques of the

local ozone therapy, which may be combined with the general ozone therapy

procedures.  The  following  is  performed:  intramuscular  and  subcutaneous

injections of the ozone-oxygen mixture, minor autohemotherapy, application

of  the  ozonized  oil,  dermal  administration  of  gaseous  ozone  (“under  the

cap”). In viral diseases of the skin and mucous membrane, the most effective

is the combination of the general and local ozone therapy procedures. The

duration  of  treatment,  number  and  frequency  of  carried  out  treatment

procedures may be changed in a wide range. In some cases, it is possible and

appropriate to perform several courses of treatment. 

Ozone Therapy in Obstetrics.

1. Anemia of pregnancy.
2. Small-for-gestational-age fetus.   
3. Miscarriage.
4. Gestosis.

The  administration  of  ozone  furthers  improvement  of  the  blood

oxygenation,  enforcement  of  the  blood  supply  to  the  placenta,  fetus.

Normalization  of  the  hormone-producing  function  of  the  placentofetal

complex is present, and regulation of the humoral immunity as well. 

Ozone Therapy in Treatment of Cardiovascular Diseases.

1.Ischaemic disease of the heart, atherosclerotic vascular disease.

2. Hypertensive disease.
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3. Heart rhythm disorder.

4. Obliterating endarteritis

          5. Infective endo- and myocarditis.

The administration of ozone further improves the microcirculation due

to the normalization of the blood flow properties. The fibrinolytic activity and

the  level  of  fibrinogen  and  platelet  aggregation  are  growing.  There  is

normalization  of  the  peroxide  oxidation  processes  and  activation  of  the

antioxidant  system`s  happening.  The  disordered  blood  supply  caused  by

arteriosclerosis with the consequences of hypoxia phenomena that come with

it  is  the  priority  field  of  the  ozone-oxygen  therapy.  At  this,  the  tissues

oxygenation  is  significantly  enforced,  normalization  of  various  metabolic

disturbances takes place. The clinical picture of atherosclerosis is determined

by  the  disordered  blood  circulation  with  the  development  of  ischaemic

changes in the relevant organs.  The pathogenetic mechanisms also have a

general nature. And though the medication-based treatment of such diseases

has certain distinctions, the technique of the ozone therapy is basically single

therewith. Prescription of the ozone therapy as a remedy in atherosclerosis

and  atherosclerotic  vascular  disease  and diseases  related  to  them requires

consideration of the impact mechanisms of ozone-oxygen mixtures providing

the curative effect. At present, 4 such mechanisms are identified: 

1. Impact on the processes of peroxide oxidation of lipids (POL) and

antioxidant protection system (APS). 

2. Anti-inflammatory action.

3. Hypocoagulation effect.

4. Influence on the oxygen-transmitting system. 

In terms of the peroxide theory of atherosclerosis, the pathogenetic role of the

processes  of  free-radical  lipid  peroxide  oxidation  in  atherogenesis  is  now

considered as one of the main roles. The enhancement of free-radical lipid
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peroxide  oxidation  (FR POL)  in  atherosclerosis  is  developing  due  to  the

cholesterin level increase in the biomembranes of the vessels tissues when

hypercholesterolemia  is  present  and  is  valued  as  a  normal  physiological

reaction aimed to adjust the stability of the physiochemical properties of the

lipid bilayer. However, the other side of the process is formation of peroxide

oxidated, i.e. modified, atherogenic, lipoproteins in the blood stream at this.

Their  pathological  essence  is,  at  first,  defined  by  the  ability  of  modified

lipoproteins to damage the endothelial surface of the arteries on the strength

of  their  toxicity,  what  is  valued  as  the  first  cause  of  the  process  of

atherosclerosis; at second, by their ability to gather intensely with the help of

macrophages in the endothelial vascular cells, in places of damage, and then

to transform into the foam cells, which compose a basis of the atherosclerotic

plaque.  Simultaneously  with  the  intensification  of  the  processes  of  free-

radical  lipid peroxide oxidation,  there  is  a  decrease  of  the activity  of  the

antioxidant enzyme systems. In particular, on the part of the liver, it leads to

the fact that the hepatocytes start intensely secreting oxidated lipoproteins to

the  blood  stream,  promoting  the  further  development  of  the  process  of

atherosclerosis. The therapy with the ozone-oxygen mixture, which is used in

treatment  of  arterial  sclerotic  diseases,  does  not  so  much  increase  the

peroxide oxidation of lipids as it is beneficial in activation of the antioxidant

protection system, normalizes their balance, thereby detoxicating lipoproteins

and lowering their ability to damage the vessel wall and penetrate into it. The

confirmation of this was obtained in the process of study of the ozone therapy

influence on the state of the processes of peroxide oxidation of lipids and

antioxidant protection (AOP) in the blood serum by means of the method of

biochemicoluminescence.  In  the  progressing  loci  of  myocardial  ischemia,

cerebral ischemia, forming infarctions, cerebrovascular incidents, as a result

of  atherosclerotic  vascular  disease,  it  is  also  observed  that  there  is

enhancement of the processes of free-radical lipid peroxide oxidation, which

form the basis of the damaged tissues. At this, for instance, when ischemic
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heart disease (IHD) is present, it has been detected that there is a dependency

of  the  severity  level  of  angina  pectoris  on  the  POL level,  and there  is  a

description of the connection of the enhancement of the processes of free-

radical lipid peroxide oxidation and myocardial damage intensity. As it was

mentioned above, ozone in the adequate doses causes the activation of the

antioxidant  protective  system,  in  particular,  of  the  enzyme system,  in  the

form of increase of the activity of superoxide dismutase and catalase plus

glutathione, what is beneficial in weakening of the reaction of free-radical

lipid peroxide oxidation, and what prevents from any ischemic damage of the

tissues. In atherosclerotic vascular disease, the acute clinical signs in the form

of myocardial infarction, unstable angina, cerebrovascular incident, arterial

thrombosis  of  the  lower  limbs  have  a  common  mythological  basis  –

disruption of the eptithelium continuity or rupture of atherosclerosis plaque

and  thrombosis  in  the  place  of  disruption  or  defect  of  the  endothelium,

resulting  as  an  acute  disorder  of  the  blood  circulation.  In  acute  arterial

disorders,  a thrombus is generally located above the rupture or frissure of

atherosclerosis plaque. The strength of atherosclerosis plaque is defined by

the state of its fibrous capsule, in particular of the tegmentum, separating the

thrombogenic nucleus rich with lipids. The plaques predisposed to ruprures

are called “vulnerable”. They are characterized with a relatively large nucleus

and a thin tegmentum, containing a small number of smooth muscle cells.

The capsule gets weakened due to the presence of the inflammation inside of

the plaque that is  accompanied with the infiltration of  T-lymphocytes and

macrophages. The inflammatory response is nowadays considered as one of

the main mechanisms of weakening of the tegmentum because macrophages

are  a  source  of  ferments  that  destroy  collagen  and other  elements  of  the

capsule. It is worth mentioning that the stimulators of macrophages and T-

lymphocytes are peroxide oxidated lipoproteins with a low density. In acute

and unstable state of the vessels, the inflammation signs (increase of levels of

C-reactive protein, fibrinogen, etc.) are observed in the systemic blood flow
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as well, what is associated with the activation of monocytes and lymphocytes.

The latter ones produce cytokines (interleukin-6 and interleukin-8) that have

the anti-inflammatory and procoagulantive effect. Confirmation of its effect

is a high clinical efficiency in this case,  what is noticed in acute vascular

catastrophes  (myocardial  infarction,  cardiovascular  incident,  unstable

angina),  and  laboratory  results  certifying  the  inflammation  decrease.  The

depression  of  the  inflammation  processes  is  beneficial  in  stabilization  of

atherosclerosis plaque. From this side, the use of the ozone therapy may be

valued  as  an  agent  for  prevention  of  the  progression  of  atherosclerotic

vascular diseases. In progression of acute disorders of the blood circulation,

aggregation and adhesion of the blood cells, thrombocytes and erythrocytes

foremost, have a significant value. Adenosine diphosphate (ADP), thrombin,

collagen, catecholamine fall into the number of leading direct inductors of

these processes. ADP significantly increases in various damages. Its flow to

the  blood  activates  the  liberation  of  biologically  active  bodies  from

thrombocytes  and  erythrocytes.  In  atherosclerotic  vascular  disease,  the

thrombin  count  grows.  Aggregation  reversibility  or  irreversibility  of

thrombocytes depends on its concentration. Damage and desquamation of the

endothelium of the vessels result in the blood cells` contact with collagen in

atherosclerotic vascular disease. Collagen as thrombin is a powerful inductor

for liberation of biologically active bodies conducive to the aggregation and

adhesion  of  thrombocytes.  In  turn,  the  aggregation  and  adhesion  of

thrombocytes  are  conducive  to  their  outflow  of  histamine,  serotonin,

thromboxane A2 that cause a direct or indirect damage for the vessel wall and

that  cause  the  vasoconstriction  of  the  arteries  in  the  damaged  loci.  The

aggregation  of  the  blood cells  and  their  liquidation  of  biologically  active

bodies,  which have the procoagulantive effect,  activate  the clotting serum

factors, what may lead to the formation of thrombuses narrowing or closing

the artery opening. 
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Studying  the  influence  of  the  ozone  therapy  on  the  hemostatic  and

fibrynolysis profiles of the patients with atherosclerotic vascular diseases in

various  location,  it  was  established  that  the  treatment  with  ozone-oxygen

mixtures has a positive effect. The following was identified: decrease of the

aggregation  property  of  thrombocytes,  increase  of  the  blood  fibrinolytic

activity and hypocoagultion, decrease of the fibrinogenic level. It is important

to emphasize that  this dynamics was in process only in cases of  changed

indications and had a moderate nature, pushing the average indications to the

lower borders  of  the norm. Thus,  the ozone therapy causes  a normalizing

effect  to  the  hemostatic  system.  The  important  place  is  assigned  to  the

functional state of erythrocytes in the processes of adhesion and aggregation

of  the  blood  cells.  Damage  of  erythrocytes  may  cause  formation  of  the

intravascular  aggregate of  red blood cells,  increase of the blood viscosity,

thermogenesis  and  microhemocirculation  disorder  as  erythrocytes  contain

numerous proaggregants and procoagulants. On their surface there are also

many plasma coagulation factors absorbed: thromboplastin,  fibrinogen-like

and  fibrin  stabilizing  factors,  heparine,  plasminogen,  its  activators  and

inhibitors. Erothrocytes are one of the main objects in interreaction of ozone

with the blood. It  is related to the fact that the membrane of erythrocytes

contains a large number of phospholipids with chains of polyunsaturated fatty

acids,  turning them from long chains to short chains.  In this way, the red

blood  cell  membrane  becomes  more  flexible,  what  provides  increased

flexibility  and  mobility  of  erythrocytes,  and  leads  to  improvement  of  the

blood flow properties and microcirculation. Activation of the metabolism of

erythrocytes is observed. Activaition of glycolysis occurs under the influence

of the glutathione system, what leads to the increase of the content of 2,3-

diphosphoglycerate  and  hydrogen  ions  as  the  bond  hemoglobin-oxygen

consequently becomes weaker, and this makes the liberation of oxygen to the

surrounding tissues easier:

HbО2 + 2.3DPG↔ Нb∙2.3DPG + О2.
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In  these  conditions,  the  output  of  oxygen  is  performed  in  greater

volume in the  loci  of  tissues  with  the insufficient  blood circulation.  This

effect  cannot  be  achieved  by  means  of  medicines.  Ozone  does  not  just

improve  the  oxygen  supply  in  atherosclerotic  ischemic  events.  It  aslo

participates in deeper metabolic processes, especially it affects the oxidative-

reducing processes that proceed in the mitochondrial respiratory chain. It has

a beneficial effect on a better use of arterial oxygen to remove the hypoxic

states  and to  restore  the  cell’s  functions.  In  those  cases,  when the  ozone

therapy was performed in the form of the course trearment, and this refers to

discirculatory  encephalopathy  and  atherosclerotic  vascular  disease  of  the

lower limbs, it was used as a mono-therapy of ozone-oxygen mixtures. The

patients with IHD, as a rule, had the ozone therapy started on the basis of the

primarily  prescribed  coronary  active  medicines,  which  the  patients  were

constantly  taking.  In  these  cases,  the  dosage  of  medicines  was  smoothly

lowered as the state became better. And, if possible, they were cancelled at

all. The main treatment techniques: intravenous injection of the OSS, major

autohemotherapy,  rectal  insufflations  of  ozone,  minor  autohemotherapy,

“ozone bagging” for limbs. The efficiency of the treatment depends on the

disease severity, age of patients and other factors. It is possible to perform a

few courses of the ozone therapy at 4-12 month intervals.

Ozone Therapy in Gynecology and Urology

Acute  and  chronic  inflammatory  diseases  of  female  genital  sphere

(metroendometritis, colpitis, bartholinitis, pelvioperitonitis, salpingoophoritis,

etc.). 

1. Septic conditions. 

2. Genital herpes. 

3.  Prevention  of  postoperative  complications  and  patients’

rehabilitation in the postoperative period. 

4. Condylomatosis. 

5. Candidiasis of genitalia. 
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6. Chronic urethritis and prostatitis. 

7. Chronic pyelonephritis.

Basic  techniques:  general  ozone therapy and/or in combination with

vaginal  insufflations  of  the  ozone-oxygen  mixture,  intrauterine  (IUI)  or

intravaginal irrigations (IVI) with ozonized distilled water, and ozonized oil

applications. In the chronic pyelonephritis treatment ozone therapy is used as

the anti-inflammatory and anti-infective agents. Despite the existing evidence

that  gram-negative bacteria  are  less  sensitive  to  ozone than gram-positive

ones,  ozone  therapy  has  established  itself  as  a  highly  effective  method,

especially in the cases where drug therapy has failed. The bactericidal action

of  ozone consists  in  the stimulation  of  phagocytosis  due to  the increased

hydrogen peroxide production by leukocytes as when the process becomes

chronic, hydrogen peroxide is not formed at all or produced in insufficient

quantities. The effect of ozone on lymphocytes and monocytes leads to an

increase  in  their  energy,  which  is  expressed,  in  addition  to  the  increased

phagocytic properties,  in an increase of cytokines production, in particular

interleukins.  The  latter  normalize  the  cellular  and  humoral  immunity

impaired  at  the  chronic  pyelonephritis.  The  production  of  T-killer  cells

determining the efficiency of cellular immunity enhances. The production of

T-helpers and T-suppressors, which regulate the operation of B-lymphocytes

responsible  for  immunoglobulin  synthesis,  optimizes.  In  this  way  the

immunomodulatory  effect  of  the  ozone  therapy  takes  place.  Ozone  has  a

direct impact on bacteria by destroying the integrity of their shell due to the

oxidation of  phospholipids and lipoproteins and penetration into microbial

cells  by  entering  in  a  reaction  with  the  cytoplasm  substance,  DNA  in

particular,  and  disrupting  the  proliferation  of  bacteria.  The  toxicity  of

infectious  agents,  but  not  for  the  patient,  is  explained  by  the  lack  of

enzymatic antioxidant mechanisms in bacteria, which are typical for higher

organisms.  In  the  case  of  a  latent,  oligosymptomatic  course  of  chronic

pyelonephritis ozone therapy can be used as both a standalone treatment and
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in  combination  with  anti-inflammatory  drugs.  In  the  periods  of  sharp

aggravation  of  the  disease  combined  treatment  is  preferred.  It  should  be

remembered  that  microbial  bodies  are  more  responsive  to  such  drugs  as

antiseptics and antibiotics under the action of ozone.

Ozone Therapy in Dentistry

1. Stomatitis and gingivitis.

2. Periodontal disease.

3. Phlegmons and abscesses of the maxillofacial area.

In the treatment of dental disease, the methods of local ozone therapy,

especially the mucosa treatment with ozonized water or OSS and ozonized oil

applications play the leading role. Under the action of ozone, the bacterial

load  of  mucous  membrane  reduces  greatly  and  microcirculation  in  it

improves, which has a positive effect on the course of the disease.  In the

cases of surgical intervention, after the elimination of suppurative focus, the

treatment  of  cavities  proves  to  be  very  effective.  For  the  purpose  of  the

protective forces stimulation and the healing processes acceleration possible

is a combination with the methods of general (parenteral) ozone therapy.

Ozone Therapy in Otorhinolaryngology

1.  Inflammatory  diseases  of  the  nasopharynx  and  paranasal

sinuses. 

2. Conditions after surgical interventions including the same for

neoplastic lesions. 

3. Acute and chronic ear diseases.

The  methods  of  local  ozone  therapy  are  applied:  washing  with

ozonized water or OSS and ozonized oil application. A combination with the

general ozone therapy procedures is possible. 

Ozone Therapy in the Pathology of the Musculoskeletal System

1. Arthroses and arthritides. 

2. Fractures treatment.
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General and local ozone therapy techniques are used. Mostly – analgesic and

anti-inflammatory effects of ozone, stimulation of reparative processes and

normalization  of  microcirculation  processes.  Most  commonly  periarticular

and intraarticular introduction of gaseous ozone-oxygen mixture and rarely

OSS  is  administered.  The  usage  of  "ozone  bagging"  with  an  ozone

concentration of 15-50 mkt/ml. Depending on the etiological factors of the

emerged  arthritis  the  amount  of  ozone  introduced  in  the  general  ozone

therapy  procedures  increases  (immunosuppressive  effect  in  autoimmune

lesions), or reduces (immunostimulatory effect).

Ozone Therapy in the Treatment of Respiratory Diseases

1. Bronchitis and pneumonias, especially during their prolonged

treatment. 

2. Bronchial asthma. 

3. Tuberculosis of the lungs.

The  methods  of  general  ozone  therapy  are  applied.  Mainly

antibacterial, anti-inflammatory and immunostimulating effects of ozone are

made use of. In the treatment of tuberculosis, ozone, on the one hand, has a

pronounced therapeutic effect even in the cases where the almost complete

resistance of microorganisms to traditional medicines is revealed, and on the

other hand when ozone is included in the medical care the effectiveness of

the administered medicines increases. It should just be noted that inhalation

techniques of ozone application are practically not used at the present time, as

ozone,  even  in  low  concentrations  (close  to  therapeutic  ones)  can  exert

irritant and damaging effect on the epithelium of the respiratory tract. It is the

immunomodulating properties of ozone that have decisive importance in the

treatment of chronic bronchitis. Ozone therapy facilitates the normalization of

anti-infective  immune  response  of  the  organism  to  viral  and  bacterial

infections. This is reflected in the local and general immunity strength, which

is reduced in chronic bronchitis. As a result of treatment the total number of

T-lymphocytes  and  T-helper  cells  that  stimulate  B-cells  proliferation  and
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production of antibodies increases in the bronchial secretion, mucosal cells

and peripheral blood. The level of IgA and IgM in the blood serum is raised.

The number  of  circulating  immune complexes  and phagocytic  activity  of

neutrophils increase. Indicators of secretory IgA in the bronchial contents get

normalized. As the inflammation in the bronchi is subsiding the suppressor

activity, which determines the adequacy of the immune response, increases.

The absorption capacity of monocytes and neutrophils of the peripheral blood

that provides for the pathogens elimination becomes more active. One of the

important  aspects  of  the  ozone  therapy  is  its  application  in  obstructive

bronchitis, when there are always manifestations of respiratory insufficiency

of  different  severity.  The persistent  bronchial  obstruction  causes  not  only

progressive  respiratory failure,  but  also  contributes  to  the  development  of

pulmonary hypertension. In this case, vasodilatation capabilities of the ozone

therapy are implemented. The improvement of oxygen-transport function of

blood upon parenteral administration of ozone-oxygen mixture by-passing the

lungs and increased sending of oxygen to the tissues by red blood cells lead

to the removal of hypoxemia and hypoxia of the tissues. The results of the

ozone therapy in the patients with chronic bronchitis were as follows: 79% of

patients  had  improvements,  and  in  29%  of  cases  it  was  regarded  as

significant,  i.e., cough, shortness of breath, weakness and wheezing in the

lungs completely disappeared; in 21% of cases the treatment outcomes were

considered satisfactory. The ozone therapy effect is associated with its ability

to influence many aspects of the pathological process. First and foremost, it is

the ability of ozone to remove bronchospasm. This is the result of dilation

effects on the smooth muscles of NO-radical produced in endothelial cells

under the action of ozone.

From this standpoint, the ozone ability to eliminate the tissue hypoxia,

which is  always present  in  the  patients  with bronchial  asthma due to  the

developing pulmonary insufficiency caused by bronchospasm seems to be of

considerable importance. The supply of oxygen to the blood by-passing the
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lungs,  better  delivery  of  oxygen  to  tissues  by  erythrocytes  and  improved

rheological characteristics of blood are the basis of the hypoxia removal. The

increased oxygen supply normalises the functioning of organs and systems,

particularly the immune system. Immunological mechanisms of the human

body  are  oxygen-dependent  as  the  adequate  chemotaxis  and  phagocytosis

with  the  generation  of  free  radicals  of  oxygen  by  macrophages  and

granulocytes  in  response  to  infection  require  the  appropriate  oxygen

provision. The immunomodulating effect of ozone is expressed in the fact

that  lymphocytes  and  monocytes  activate  the  production  of  cytokines,

interferon tumour necrosis factor, interleukins. The latter enter the blood and

activate both cellular and humoral immunity. The synthesis of T-killers that

implement cell-mediated immunity intensifies. The production of T-helpers

regulating  the  work  of  B-lymphocytes  that  is  aimed  at  the  synthesis  of

immunoglobulins gets normal. Stimulation of the immune system contributes

to the suppression of inflammation by decreasing the activity of effector cells

and reducing their production of biologically active substances, which ensure

the bronchospastic reactions. The antibacterial and antiviral action of ozone

therapy  is  important.  The  bactericidal  effect  of  ozone  is  similar  to  the

processes, which the body uses to destroy foreign antigens. Ozone enhances

the  action  of  free  radicals  due  to  the  increased  phagocytic  ability  of

leukocytes. In addition, ozone penetrates into microbial cells and reacts with

cytoplasm proteins thus upsetting the proliferation of bacteria. The antivirus

mechanism of ozone is expressed in the damage of polypeptide chains of the

shell, which leads to disruption of the virus ability to attach to cells. At the

same time one RNA strand splits into two parts, and due to that the process of

virus  reproduction  gets  infringed.  The  protective  influence  of  ozone  on

healthy cells should also be indicated. Protection against the penetration of

the  virus  is  ensured  by  the  interferon  synthesis  activation  and  enhanced

elimination of infected cells. A moderate course of the disease was observed

in 83 per cent of 42 patients with bronchial asthma who underwent a course
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of  ozone  therapy.  All  patients  were  permanently  or  almost  permanently

taking bronchodilators, and a part of them – steroid hormones. After a course

of the ozone therapy a significant improvement (reduction of asthma attacks

by more than a half and reduced medication) was noted in 86% of patients. In

7% of them asthma attacks were completely relieved against the background

of  the  medication  cessation.  But  in  7% of  cases  the  improvement  of  the

patients was not achieved.

Ozone Therapy in the Treatment of Diabetes

Diabetes  mellitus is  divided into two types:  the first  one is  insulin-

dependent diabetes of the young characterized by absolute insulin deficiency

that  requires  insulin  substitution;  the  second  one  is  insulin-independent

diabetes of the elderly with a relative insulin deficiency. The ozone therapy

of diabetes among other treatments occupies one of leading places due to its

effectiveness. This is due to the fact that ozone is involved in a number of

critical  processes  and  has  a  positive  effect.  Ozone  increases  the  glucose

permeability of cell membranes, which is achieved through stimulation of the

pentose  phosphate  shunt  and  aerobic  glycolysis,  which  is  depressed  in

diabetes, and it helps to reduce hyperglycemia because of higher inflow of

glucose  into  tissues.  Both  of  these  processes,  in  their  turn,  increase  the

production of glutathione involved in the synthesis of glycogen and fat from

glucose and in the synthesis  of  proteins.  The glucose oxidation up to end

products takes place. This restores the main function of carbohydrates, which

is the energy one. Lacking energy by the tissues is removed. The way of

glucose endogenous formation from glycogen and protein is inhibited, that

gluconeogenesis  is  suppressed.  Protein breakdown decreases  and catabolic

processes are inhibited.  The LP processes reduce. Thus, ozone performs a

number of functions characteristic of insulin. The next important fact is that

when glucose  metabolism in erythrocytes  is  activated  under  the  action  of

ozone 2,3-diphosphoglycerate whose increase shifts the dissociation curve of

oxyhemoglobin to the right and contributes to a better supply of oxygen to
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the  tissues  is  intensively  formed.  Because  the  patients  with  diabetes  are

dominated by the so-called glycated haemoglobin whose bond with oxygen is

very strong, and the tissue hypoxia developing as a result of this determines

the severity of the disease, the withdrawal of hypoxia under the influence of

ozone therapy plays almost a key role in the treatment process. By reducing

hyperglycemia, improving the supply of glucose into the tissues, increasing

oxygen  supply  and  removing  hypoxia  the  ozone  therapy  facilitates  the

prevention  of  the  development  processes  associated  with  a  low  level  of

glucose in the cell: the accumulation of sorbitol in tissues that contributes to

the development of cataract, neuropathy and microangiopathy, formation of

glycosaminoglycans  that  form  the  basis  of  arthropathy  and  synthesis  of

glycoproteins that leads to the progression of angiopathies. As a preventive

and therapeutic agent ozone is used for elderly patients with diabetes mellitus

having atherosclerotic lesions of the cardiovascular  system, such as CHD,

discirculatory encephalopathy, obliterating atherosclerosis of vessels of the

lower  extremities.  The mechanisms  of  ozone  action  in  these  diseases  are

presented in the relevant Section. When applying the ozone therapy in the

diabetes treatment it is necessary to take into account its immunomodulating

action. This is especially important for the insulin-dependent type, where the

cytotoxic  reaction  leads  to  the  destruction  of  β-cells  due  to  antigens  and

antibodies in the autoimmune and virus-induced forms of the disease. Under

these forms antibodies are produced to the administered insulin and inactivate

the  latter.  The  insulin-independent  diabetes  is  characterized  by  immunity

suppression, which causes susceptibility to chronic infections (pyelonephritis)

and pustular lesions (furunculosis). All the above stated makes it reasonable

to  use  the  immunostimulatory  properties  of  ozone.  The positive  effect  of

ozone  therapy  was  obtained  in  both  insulin-dependent  and  insulin-

independent  patients.  It  was expressed  in  the  reduction of  hyperglycemia,

reduced thirst, disappearance of polyuria, skin itching and weakness (E. E.

Pavlovskaya).  After  a course of  ozone therapy most  patients were able to
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achieve  the  compensation  status,  which  is  one  of  the  main  criteria  for

successful treatment. Significant is the fact that the treated patients were able

to reduce the dose of glucose-lowering drugs by 20-25%. The effect of the

conducted ozone therapy course lasted from 3 to 6 months. 

Contraindications for Ozone Therapy

1. Epilepsy. 

2. Hemophilia. 

3. Susceptibility to convulsions. 

4. Acute alcoholic intoxication. 

5. Ozone allergy.

           Pharmacological Profile of ozone in the Systemic Application

Spectrum of  pharmacological  activity.  Most  often,  the therapeutic

effect of ozone is associated with the treatment of cardiovascular diseases

(stroke,  chronic  heart  failure,  obstructive  peripheral  artery  disease),

degenerative  ischemic  disease  (atrophic  and  age-related  forms  of  macular

degeneration  of  the  eye),  chronic  obstructive  pulmonary  and  bronchial

disease,  diabetes  and its  complications,  etc.  There  are  about  one  hundred

diseases of different nature, in the treatment of which positive results of the

ozone therapy application were observed [21]. This indicates an extremely

wide spectrum of pharmacological activity of ozone. 

Dosages of  ozone Major     autohemotherapy  (AHT-O3).  In the Western

version of M-AHT-O3 dosages of 2.5 - 20 mg (ozone concentrations ranging

from 10 to 80 µg/mL) are often used currently [22]. However, not so long

ago  the  dosages  of  ozone  used  by  the  Western  ozone  therapeutists  when

applying the method of M-AHT-O3 ranged from 0.25 (0.5) mg (50 ml (100

ml) of ozone in ozone-oxygen mixture*5 mkg/ml = 250 mkg (500 mkg)) to

2.5 mg (100 ml of ozone in ozone-oxygen mixture* 25 mkg/ml = 2.5 mg)

[22] or  4 mg [23],  which seems to be the most  dose-sparing approach to

AHT-O3 procedure. In any case, in Russia, AHT-O3 procedure is performed
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at ozone concentrations of up to 35 mg/L, since at higher concentrations of

ozone numerous patients show the signs of autologous blood hemolysis or

blood coagulation after  autologous blood ozone barbotage.  Perhaps this is

due to differences in food preferences of the populations of the southern and

northern countries. 

Dosages.  i/v  infusion  of  ozonised  physiological  solution  (i/v  OSS).

Another common method of the systemic ozone therapy is the method of

intravenous infusion of the ozonized physiological solution (OSS), which is

often called the "Russian method". The dosages of ozone for i/v OSS range

from 0.1 mg (200 ml OSS*0.5 mg/l = 0.1 mg) to 0.8 mg (400 ml OSS*2 mg/l

=  0.8  mg).  As  it  was  mentioned  above  one  of  the  primary  products  of

interaction of water and ozone is hydrogen peroxide. This fact often serves as

an objection to the use of OSS on the grounds that it  is not known what

actually the ozonized physiological  solution is – ozone solution, hydrogen

peroxide solution or  a mixture of  these substances.  According to the data

shown  in  Fig.  16,  after  ozonation  of  saline  solution  with  ozone-oxygen

mixture at  a  concentration of  50 mcg/ml within 10 minutes,  the resulting

solution contains about 4 mg/l of dissolved gaseous ozone and (2.5 µM/l) 85

µg/l  of  hydrogen  peroxide  (http://ozonetherapy.org/03.02.2010/open-letter-

professor-bocci/). Thus, the concentration of hydrogen peroxide under these

hard  conditions  of  OSS preparation  will  only  be  about  2% of  the  ozone

concentration. In real conditions of OSS preparation adopted by the majority

of ozone therapeutists using OSS the concentration of hydrogen peroxide will

apparently make less than 1%. In consideration of the fact that ozone is a

more active oxidizing agent than H2O2 it is safe to say that dissolved ozone is

the active principle of OSS.
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Fig.16. Concentration of H2O2 during long-term ozonation with the ozone-oxygen
mixture at a concentration of 50 mg/l.

Another  objection  to  the  use  of  OSS  for  the  i/v  infusion  are  the

apprehensions that in the course of the SS bubbling with the ozone-oxygen

mixture  sodium  hypochlorite  can  form.  A  group  of  scientists  of  N.  М.

Emanuel  Institute  of  Biochemical  Physics,  Russian Academy of Sciences,

under the guidance of a renowned expert in the field of ozone chemistry Prof.

S.  D.  Razumovsky conducted a  study of  a  series  of  samples  of  ozonized

physiological solution [24] and [25]. It was found that the presence of NaCl

in water accelerates the ozone decay (half-life of ozone decreases in the series

of ultrapure water > distilled water > saline, t½ = 95 > 32 > 20 min). It was

established with the use of spectral methods that the hypochlorite content in

the OSS bubbling with the ozone-oxygen mixture at a concentration of 60

mg/l for 4 minutes is not detected when the sensitivity threshold by the active

chlorine method is 2 µM/liter.

Pharmacokinetics of ozone during AHT-O3 procedure and OSS i/v

introduction. To determine the fraction of ozone that enters the body during

the procedure of AHT-O3, we have performed experiments in a flow chamber

(see Fig. 17, right). The interaction of ozone and whole blood of a volunteer

took place in the thin layer and was accompanied by the gas stream laminar

flow. The results are shown in Fig. 17. It is seen that the kinetics of the ozone

disintegration strictly corresponds to the fact that of the first-order reactions

(the upper curve) with a reaction rate constant of 0.6 l/mol*sec.
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Рис.17. Kinetics of ozone elimination from the ozone-oxygen mixture during
interaction with whole blood. Left – the diagram of the experimental setup.

The  time  interval  required  for  the  two-fold  decrease  of  ozone

concentration is calculated based on the rate constant. This interval is equal to

1.1  ±  0.3  sec.  Thus,  during  the  procedure  AHT-O3,  which  lasts  a  few

minutes,  ozone  fully  reacts  with  the  blood,  and  not  a  single  molecule  of

ozone gets into the organism. 

The interaction of  ozone dissolved in  the  saline  solution  and blood

plasma was studied in a flow chamber (Fig. 18, right). The residual ozone

concentration  in  the  mixture  was  determined  iodometrically,  the  samples

were   from the mixed stream at different distances from the point of mixing.

The two-fold drop of  ozone concentration in  5-fold diluted plasma is  1.7

seconds. In the first approximation we can assume that for the source plasma

this value will be 0.34 sec. Thus, taking that the velocity of blood in cubital

veins is within the range of 6-14 cm/sec, we can affirm that the concentration

of ozone in the blood after its intravenous introduction is 16 times lower at a

distance of 12 - 28 cm from the injection point.
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Fig. 185. Kinetics of the ozone concentration drop in the mixture including 20 per
cent of blood plasms and ozonized saline solution. Right – measuring diagram.

As can be  seen  by the  data  presented  in  Figs  17 and 18,  ozone  is

rapidly consumed in the course of chemical reactions in both the gas - blood

and ozonized saline solution - plasma systems. It is evident that in both cases

long-term consequences of a course of treatments cause the same secondary

mediators  whose  role  is  played  by  the  products  of  oxidation  [22]  and/or

ozonides of lipoproteins [26]. At the same time, the pharmacological profile

of ozone in these systemic procedures is not identical. 

2.  Ozone  pharmacological  profile  difference  during  AHT-O3

procedure  and  OSS  I/V  introduction.  Preference  criteria:  AHT-O3

procedure or OSS I/V introduction

The difference in the ozone profile will become obvious, if we try to

classify ozone as a pharmacological agent. It is known that there are only two

basic types of drugs – therapeutic (whose target are the cells of the body) and

chemotherapeutic (the target of which are bacteria, viruses, fungi or tumor

cells). Which class of substances does ozone belong to? Apparently, all the

local  methods  of  ozone  application  (gassing  in  the  bag,  drinking  and

instillation  of  ozonized  water,  etc.)  have  a  chemotherapeutic  effect  that

determines  the  antimicrobial,  virucidal  and  antifungal  effects  of  the  local

ozone  therapy.  At  the  same  time,  in  the  AHT-O3 procedure  the

pharmacological  effect  of  secondary lipoprotein messengers  is  the leading

one. Since in the AHT-O3 procedure the volume of the processed blood is
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only  2-5%,  the  chemotherapeutic  effect  of  ozone  in  this  procedure  is

extremely small. At the same time, the volume of the processed blood during

the  procedure  of  i/v  OSS  introduction  ranges  from  3  to  6  liters  (the

calculation is based on the assumption that the blood velocity in cubital veins

ranges within 100 to 200 ml/min while the period of  the procedure is  30

minutes). It is obvious that ozone dissolved in the aqueous medium has the

same chemical properties as gaseous ozone, and, accordingly, may exhibit

direct virucidal, antifungal and antimicrobial effect when mixed with blood.

Thus,  we  can  state  that  in  AHT-O3 procedure  ozone  acts  as  a  purely

therapeutic drug, while in the OSS i/v introduction procedure – as the drug

of mixed pharmacotherapeutic and chemotherapeutic action. 

Comparison of AHT-O3 and i/v OSS methods is often debated (e.g. see

[27]). Allow me to quote a fragment of this work: “...The lack of toxicity with

2-3 µg/mL of gaseous O3 mixture is understandable because, at the infusion

time, 250 mL of saline may contain only 0.5 mg of residual O3 and H2O2

probably at a concentration as low as 0.01%. Thus both oxidants during the

i/v infusion will be promptly neutralized by the plasma antioxidants with a

lack of biochemical effects. On the contrary, M-O3-AHT on average receives

about 8-10 mg O3 (20-fold higher) and is pharmacologically active." To put it

differently, the theoretical justification of the advantages of AHT-O3 over the

OSS i/v infusion comes down to the fact that a dose of 8-10 mg is 20 times

greater  than the that  of  0.5 mg.  It  could be argued that  5  liters  of  blood

processed during the OSS i/v procedure is 20 times more than 0.25 liters of

blood processed during the AHT-O3 procedure. However, emphasizing the

differences between the hardened schools or areas of ozone therapy is not the

best way for the progress of ozone therapy in the world. Dialectics teaches us

not to ignore the contradictions, but to find and expose them, and promote

their  resolution  since  the  resolution  of  the  internal,  fundamental

contradictions is the real source of any development. For example, the above

analysis enables a rational choice between these procedures depending on the
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disease nature and treatment goals.  So, if the greatest manifestation of the

pharmacological effect caused by the synthesis of a fair quantity of second

messengers in the blood sample is needed, then, of course, AHT-O3 method

should  be  preferred  (e.g.  in  the  treatment  of  vascular  diseases).  If  the

therapeutic effect needs to be complemented with chemotherapeutic one (for

example, in the treatment of viral hepatitis), preference should be given to i/v

OSS.  The  latter  is  also  preferable  in  obstetrics  as  in  this  case  the  main

advantage  of  AHT-O3,  which  is  the  possibility  to  administer  large  single

doses of ozone, recedes into the background as the main requirement is the

most  gentle  impact  on  the  organism  of  a  pregnant  woman.  The  vast

experience of Russian doctors using OSS i/v procedures in the practice of

prevention  and treatment  of  gestosis,  iron-deficiency  anemia,  miscarriage,

etc. in the practice of obstetrics, is a good illustration. See, for example, the

classic monograph on T. S. Kachalina and G. O. Grechkanev [28]. 

In general, the theory and practice of ozone therapy offers a modern

doctor well proven methods of systemic and local application of ozone, and

ensures positive results from incorporating ozone procedures in the treatment

of  diseases  of  almost  any  etiology.  In  this  capacity,  ozone  is  vaguely

reminiscent of the mythical alchemical means – the panacea. This similarity

comes to mind of every doctor who familiarizes with the spectrum of the

ozone physiological activity and ... arouses mistrust of ozone therapy. It must

be admitted that the element of skepticism to the universal therapeutic action

of ozone significantly hinders the dissemination of the ozone therapy method

in medicine. In the final Chapter, we will outline our approach to solving this

problem.
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Chapter 3.REVIEW OF APPLICATIONS OF HYDROGEN IN
MEDICINE  

Among the three chosen medical gases with their chemical properties

being in stark contrast – ozone, xenon and other inert gases, hydrogen is the

last one showing exceptionally reducing properties in biochemical reactions.

As one may see below, the spectrum of physiological activity of hydrogen is

as  wide  as  the  spectrum  of  oxidizing  agent  ozone  or  inert  gas  xenon.

Researching  physiological  activity  of  hydrogen  has  started  comparatively

recently. However, data base concerning mechanism of hydrogen action and

its clinical application is constantly growing and has been showing explosive

growth within recent ten years [1]. History of researching of biological role

of  molecular  hydrogen started in  the end of  nineteenth  century after  they

found that soil microbes absorb H2  [2]. Now it is definitely determined that

molecular hydrogen can be absorbed or disengaged by microorganisms and it

serves  as  a  source  of  supporting  their  vital  activity  in  anabiosis  during

millions  of  years  [3],  [4].   Moreover,  thermophylic  hydrogen  absorbing

bacteria LUCA (last universal common ancestor), having dwelled in waters

of the Global ocean about 3-4 bln. years ago, are considered to be the last

common  ancestors  of  all  forms  of  life,  dwelling  on  Earth  nowadays  [5].

However,  up to the middle zero years of  this century microbes’ ability to

oxidize  molecular  hydrogen  was  considered  to  be  a  unique  property  of

prokaryotes, similar to process of nitridation with nodule bacteria. Possibility

of chemical reactions with participation of molecular hydrogen in eukaryotes

of  an  organism  and,  consequently,  potential  physiological  activity  of

hydrogen  were  not  taken  into  account,  as  molecular  hydrogen  at  room

temperature enters into a reaction only with highly active metals or halogens
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(fluorine in darkness or chlorine in the light). Relative inertness of hydrogen

in physiological temperature diapason is explained by the fact that molecules

of hydrogen are rather stable and activation reaction threshold H2→2H  = 432

kJ/mole needs to be overcome in order to make hydrogen be reactive. This

reaction threshold must be overcome either with catalyst or being heated to

400º  C. The first assumption that molecular hydrogen can metabolize in an

animal’s  organism,  showing  antioxidant  properties,  was  made  in  [6].

However, researches of hydrogen as natural antioxidant were actually started

with  publication  by   Ohsawa  and  co-authors  [7].  Their  work  shows  that

hydrogen is absorbed with brain tissues in rats and it decreases reperfusion

injuries in focal ischemia model. The authors suppose that hydrogen reacts

with cytotoxic radicals of oxygen and therefore prevents oxidative stress and

brain tissue injuries. Later the conclusions of the cited paper were confirmed

in numerous biochemical and clinical researches. At present therapeutic effect

of hydrogen has been proven and is supposed for widest spectrum of diseases

(Fig. 1).

Fig. 1. Pharmacological profile of molecular hydrogen. The scheme was borrowed
from [8].
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Such  wide  range  of  pharmacological  activity  of  hydrogen  can  be

explained by the fact that pathogenesis of these diseases is connected with

toxic effect of reactive oxygen species (ROSs), on one hand, and antioxidant

effect of hydrogen, on the other hand.

Mechanism of ROS formation

ROSs are inevitable “payment” for organism’s aerobic energy, which is

determined by oxidation-reduction process represented by organic reducing

agents of internal milieu having redox-potential of approximately -300 mV

and molecular  oxygen  having  potential  of  +800  mV at  neutral  pH.  Such

proportion  of  redox-potentials  provides  for  irreversibility  of  reactions,

although speed  of  direct  oxidation  of  majority  of  organism’s  biochemical

substrates is negligible due to peculiarities of electronic structure of oxygen

molecule  that  requires  simultaneous   attachment  of  two  electrons  with

opposite spins for completion of atomic shell.  In connection with this spin

restriction, oxygen at moderate temperatures is kinetically inert. Oxidases are

catalysts in biochemical reactions of aerobic energy. They provide for step-

by-step  oxygen  reduction  by  means  of  single-electron  processes  with

participation of ions of metals with mixed valence and organic molecules of

radicals – flavins and quinones (see Scheme 1).

Scheme 1.  Scheme of four-electron reduction of oxygen molecule.  
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The  scheme  shows  electrons  of  oxygen  atom  and  value  of  redox-

potential of single-electron reactions. 

As one may see  in  the scheme,  hydroxyl  radical  is  a  more  effective

oxidizing agent than superoxide anion-radical and hydrogen peroxide. The

said radical can tear any C-H or C-C bond and is considered to be the most

dangerous  oxygen  form   –  with  respect  to  biological  objects.  Although

concentration of superoxide anion-radical with physiological pH tens of times

exceeds concentration of hydroxyl radical, the latter is considered the main

reason of development of  oxidative stress, a ground for a number of diseases

[9].  Active  nitrogen containing oxygen forms are  also  biologically  active.

Nitrogen  oxide  is  synthesized  by  means  of  NO-synthase  (see  Fig.  2B).

Nitrogen oxide (NO) has an unpaired electron, consequently, it is a particle

with mobile radical as well as superoxide-anion-radical (•О2
−) (see Fig. 2A).

Further transformations of nitrogen oxide take place by single-electron way.

However,  unlike  superoxide-anion-radical,  nitrogen oxide  does  not  attach,

but detaches electrons, i.e. it is oxidized to nitrogen dioxide (NO2), anions of

nitrite (ON−) and nitrate (NO3
−). As one may see in the scheme (see Fig. 2C),

in  presence  of  superoxide-anion-radical  nitrogen  oxide  transforms  into

peroxide nitrite anion (ONOO−): NО + О2
− → ONOO−, generating hydroxide

radical and nitrogen dioxide. Simultaneous generation of  superoxide-anion-

radical  and  nitrogen  oxide  takes  place  in  endothelial  cells,  macrophages,

neutrophiles and neurons [10].  Peroxynitrite anion radicals have very high

oxidation  potential,  which permits  to  hydroxylate  and to  azotize  aromatic

rings of bonds like tyrosine and tryptophan [11], [12], to damage nucleotide

chains of DNA [13] and protein groups NH- and SH- [14]. 
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Fig. 2. Scheme of essential single-electron reactions of oxygen reduction  and nitrogen
oxide oxidation. The most significant oxidation-reduction reactions and standard

potentials that correspond to them are indicated on the right.

Reaction  generating  peroxynitrite  anion radicals  proceeds  three  times

faster  than  reaction  inactivating  superoxide  anion  radical  with  superoxide

dismutase  [15].  Reaction  ability  of  peroxynitrite  anion  radicals  is  much

higher than in superoxide anion radical and hydrogen peroxide; it is followed

by generation of the following harmful compounds:  nitronium ion  (NO2
+),

nitrogen peroxide (NO2) and also hydroxyl radical (•OH). One may see in the

Fig.  2 that  attachment of superoxide radical  with nitrogen oxide increases

oxidation potential of the tissue in both quantitative and qualitative respect.

Hypochlorite anion (OCl−) is usually included into list of the most toxic

oxidants. It represents an active form of chlorine and is deemed to be ROS, as

it has similar oxidative properties. Hypochlorite-anion is generated as a result

of reaction of chlorine anion and hydrogen peroxide, with myeloperoxidase

of neutrophiles as catalyst. Hypochlorite-anion is dangerous by itself as well

as ability to generate hydroxyl-radical in presence of iron ions. 

Lipid peroxidation role in norm and pathology 

Listed above radical types are able to interact with fatty-acid residuals of

linolic, linolenic and arachidonic acids of lipid molecules by way of chain

peroxidation reaction.
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Scheme 2. Lipid chain peroxidation reaction.

As one may see in Scheme 2, the beginning of manifold strengthening

(chain) process of lipid oxidation is single act of interaction of the compound,

which has an “extra” unpaired electron, with non-saturated fatty-acid residual

of a lipid molecule. As a result, the “extra” electron attaches to the fatty acid

residual, transforming it first into lipid, then into lipoperoxide radical. The

latter during its interaction with a new lipid molecule transfers its unpaired

electron  to  the  new  lipid  molecule,  transforming  into  hydroperoxide

molecule. Thus, chain transfer of the “extra” electron from ROS molecule (in

this case – hydroxyl radical) causes progressive transformation of lipids into

hydroperoxides, having physical and chemical characteristics different from

the initial ones, and results in affecting barrier functions of membranes and

damaging cells. Annihilation of lipid radicals among themselves

     LOO* + L* → LOOH + LH

as well as their inactivation with antioxidants, for example, with Vitamin E,

which gives away electrons, transforming into stable oxidized form

L* + vit E → LH + vit E*

                            vit E* + L* → LH + vit Еoxidized

prevents eternal development of the chain reaction of lipid oxidation.

Specialized  ferments  like  glutathione  peroxidase  and  phospholipase

neutralize lipid peroxides, stopping lipid chain peroxidation. 
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For  counteraction  with  ROSs  and  processes  of  lipid  peroxidation

processes  an  organism  has  its  antioxidant  system  (AOS)  functioning.  It

includes:

1. Ferments  antioxidants:  superoxide  dismutase  that  transforms

superoxide  anion  radical  into  hydrogen  peroxide;  catalase  and

peroxidase that prevents accumulation of peroxides.

2. Macromolecular non-ferment compounds: transferrin, ceruloplasmin,

ferritin, serum albumin, melatonin.

3. Low molecular non-ferment compounds: ascorbic acid, glutathione,

sulphur-containing amino acids, urea, uric acid, bilirubin, adrenalin,

steroid  hormones,  vitamins  A,E,K,  ubiquinone,  flavonoids,

microelements with antioxidant action.

         Being in norm, oxidant system that generates ROSs and LP products

(alkyl, alkoxy,  and hydroxyl radicals, diene conjugates, aldehydes, ketones,

etc.) provides for peroxidation level necessary for non-specific and specific

immune  protection  [16],  peripheral  vascular  tone,  self-renewal  of  cell

membranes, safety of apoptosis mechanism – “rejection” of functionally and

structurally  defective  and  irrelevant  cells  [17],  ROS  signaling  [18],  etc.

Failures of ROS generation systems, especially ROS protection ones, cause

failures  of  courses  of  inflammation  processes,  play  pathogenetic  role  in

processes  of  oxidative necrosis  in case of  tissue ischemia and reperfusion

syndrome, blunt systemic and specific immunity [19], [20], [16]. Change of

antioxidant system balance and ROS level  to any extent  manifests  in any

pathology forms [21]. Excess of ROSs plays the key role in pathogenesis of

about  one hundred human diseases  [22].  Therefore,  supporting balance of

oxidant and antioxidant systems and decrease of hyperproduction of ROSs is

a  significant  form of  pathogenetic  treatment  and  prophylactics  of  a  wide

spectrum of diseases [23].
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Hydrogen – unique natural antioxidant 

Which reactions can molecular hydrogen enter into without catalysts in

normothermic and normobaric conditions in  organism? Redox-potential  of

splitting reaction of hydrogen molecule into atoms 2Н+/Н2 (-420mV) gives an

idea of the answer. In accordance with physical chemistry laws any reaction

with potential over +420 mV (see Scheme 2) theoretically is able to cause

oxidation  of  molecular  hydrogen.  For  instance,  such  reactions  as

[•ОН,H+/H2O],  [ROO•,  H+/ROOH]  and   [•O2
−,2H+/H2O2]  with  potentials

+2180, +1000 and 940 mV accordingly.  This list  needs to be added with

reduction of peroxynitrit anion radical, redox-potential of which is +1200 mV

[24]. Inactivation of peroxynitrit anion- and hydroxyl radicals with hydrogen

can be considered useful as organism does not have specialized ferments for

it. As for peroxyl and particularly superoxide anion radicals – use of their

uncontrolled  inactivation  seems  doubtful  taking  into  account  their

involvement  into  a  number  of  reactions  connected  with  apoptosis,  cell

proliferation  and  differentiation  [25],  [26].  Which  of  the  above  specified

radicals  do  interact  with  molecular  hydrogen?  In  order  to  answer  this

question  we  need  to  pay  attention  to  the  fact  that  proportions  of  redox-

potentials  determine  necessary  (but  not  sufficient)  conditions  for  specific

reaction.  Sufficient  conditions  are  determined  by  many  factors,  the  most

important  of  which  are  differential  of  redox-potentials  and  lifetime  of

reaction products. As one may see in Scheme 2, the largest differential of

potentials corresponds to the pairs •ОH, H+/H2O and •ОH, 2Н+/Н2 and equals

1760 mV. It is so large that hydroxyl-radical manages to oxidize hydrogen

molecule,  although  its  lifetime  is  only  one  tenth  of  a  microsecond   and

distance from generation place, overcome by it, does not exceed one tenth of

a  micrometer  (size  of  several  large  molecules  in  a  row)  [27].  Reality  of

interaction of hydroxyl-radical and hydrogen was demonstrated in [28]. The

authors  used  resonance  absorption  of  high  frequency  electromagnetic
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emission  with  unpaired  electrons  of  hydroxyl  radical  in  a  simple  model

system of Fenton reaction, see Fig. 3.

Fe2+ + Н2 О2 → Fe3+ + •ОН + ОН –.

 Thus, it has been experimentally proven that hydrogen can play the role

of “garbage collector” collecting hydroxyl radicals [6] in reaction 

H2+•ОH=H20+H•.

Fig. 3. Hydrogen-enriched water (on the right) suppresses ESR signal of hydroxyl
radicals generated in the course of Fenton reaction. The figure was borrowed 

from [28].

The cited paper [7] researched standard reaction with  5,5-dimethyl-1-

pyrroline  N-oxide  (DMPO)  in  order  to  collect  hydroxyl  radicals  being

generated  

DMPO + •ОН → DMPO-•ОН.

To assess relative antioxidant effectiveness of hydrogen molecules they

conducted research of  cell  culture  of  pheochromocytoma of  rats  PC12 by

means  of  selective  fluorescent  probes.  The used  oxidized forms   2-[6-(4-

hydroxy)phenoxy-3H-xanthen-3-on-9-yl]  benzoate  (HPF)  and MitoSOX as

probes  for  •OH  and   (•O2
-)  accordingly.  Activation  of  production  of

superoxide-anion-radical  in  the  cells  was  conducted  with  inhibitor  of

mitochondrial  respiration  with  antimycin.  Fig.  4  (on  the  left)  shows  that

hydrogen almost does not influence the initial and inducted with antimycin

fluorescence of  MitoSOX, i. e. it does not inhibit generation of  superoxide

anion  radical.  At  the  same  time  hydrogen –  depending  on  dose  –inhibits
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fluorescence of  •OH selective probe HPF, that indicates the mentioned anti-

hydroxyl-radical activity.

The authors also assessed comparative antioxidant activity of hydrogen

in cell-free medium towards peroxynitrit-anion-radical,  hydrogen peroxide,

(•O2
-), •OH, NO•.

Fig. 4. On the left (a,b) – fluorescence (•O2
-)  of selective probe MitoSOX in

monolayer of  PC12 cells before and after use of antimycin (up) and in presence of
hydrogen (down). On the right (c,d) – ibid. With use of •OH –selective probe HPF. Up

– control, down – in presence of hydrogen. The figure was borrowed from [7]. 

Fig. 5. Impact of hydrogen on intensity of fluorescence of radical-selective dyes,
inducted with: с) -   •OH -radicals (Fenton reaction), d) – peroxynitrit-anion-radicals,

e) - (•O2
-) – radical (xanthinoxidase and xanthin reaction), f) – hydrogen peroxide

solution, g) – NO• (from solution 1-hydroxy-2-oxo-3-(N-methyl-3-aminopropyl)-3-
methyl-1-triazene (NOC7)).  The figure was borrowed from [7].

Fig.  5  shows  that  hydrogen  selectively  inhibits  hydroxyl-  and

peroxynitrit-anion-radicals. High activity of peroxynitrit anion radical having

relatively low redox-potential  (see Fig.  2)  might be explained by its  long

lifetime  [29].  Uniqueness  of  hydrogen  as  of  an  antioxidant  is  perfectly

depicted in Fig. 5 and diagram (Fig. 6) of relative oxidative activity, hence –

toxicity of various molecules of ROSs.  
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Fig. 6. Relative oxidative activity of various radicals. Assessment was held
according to intensity of fluorescence of ROS – selective dye DCFH. The diagram is

based on data borrowed in [30].

The data presented in Fig. 5 vividly demonstrate advantage of hydrogen

over non-selective action of common antioxidants on the example of vitamin

C. Thus, the works [30] and [7] show that relative inertness of hydrogen turns

into selective antioxidant action with respect to the most dangerous hydroxyl-

and peroxynitrit-  radicals,  against  which organism has no specific ferment

protection  systems.  For  hydrogen  there  are  no  cellular  or  blood-organ

barriers,  which  are  peculiar  to  famous  antioxidants.  Hydrogen  diffusion

coefficient  in  liquids  is  tens  of  times  higher  than  the  one  for  organic

substances [31] that permits molecules of the gas antioxidant to reach and

protect  intracellular  organelles  (inclusive  of  mitochondria  and  nuclear)

quickly.

Methodology for administration of hydrogen into organism 

Application of molecular hydrogen in biology and medicine is carried

out mostly with the following three methods: hydrogen inhalation, drinking

hydrogen-enriched  water  and  infusion  or  injection  of  hydrogen-enriched

normal saline solution  (NSS). 

Hydrogen is inhaled  in concentration not more than 4,5% (as a rule,

2%), because of danger of inflammation of the inhalation mixture. There is a

large list of scientific papers, which show that inhalation of air and hydrogen

mixture leads to great results in models of heart, brain, liver, bowel diseases

[7], [32], [33], [34], [35]. This seemingly simple administration method turns
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out  to  be  technically  complicated  because  of  safety  issues  of  work  with

highly inflammable gases and necessity to use large amount of gas. At the

same time it is the fastest way of administration of hydrogen into organism,

which may be irreplaceable in urgent cases, for example, for urgent arresting

ischemic-reperfusion lesions during infarcts of brain, heart and other organs.

There  is  a  large  number  of  conditions  for  such  kind  of  application   of

hydrogen  [32],  [35],  and  we  can  express  our  confidence  that  technical

solutions of the problem of a comfortable and safe apparatus for inhalation

therapy in mobile and stationary variant will be soon invented.

Oral administration of hydrogen-enriched water. At present it is the

most wide-spread and at the same time rather effective method of hydrogen

therapy. Use of hydrogen-enriched drinking water showed high effectiveness

in models of many diseases, particularly in arresting oxidative stress of brain

and kidneys [36], [37], [38], [39], [40], [41]. Enrichment of drinking water

with  hydrogen  may  be  executed  either  with  simple  barbotage  or  with

pressure. The latter is preferable because of low water solubility of hydrogen,

which  is  about  18  ml/l  (1,6  mg/l,  1.6  ppm).  There  is  a  simple  way  of

obtaining  “super-saturated”  drinking  water  that  permits  to  have  hydrogen

concentration  in  water  of  79  ml/l  (7  mg/l,  7  ppm)  [42].  Container   with

chemical  mixture producing hydrogen at contact with water is placed into

water.  Construction  of  the  container  excludes  contact  of  the  reacting

substance with water.

Hydrogen saturated normal saline solution. This method is the most

prospective for  use in  clinical  conditions [43],  [44],  [45],  as  it  permits  to

provide for supervised conditions of hydrogen administration into organism

and  shorten  treatment  period.  Hydrogen  enriched  normal  saline  solution

(NSS)  is  applied  by  way  of  intraperitoneal  injections  (in  experiments  on

animals) and by way of infusion in clinical conditions. Preparation and use of

this solution is considerably less difficult due to the fact that hydrogen easily
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penetrates  through  material  of  plastic  bags  for  intravenous  infusion  that

permits  to  enrich  liquid  inside  the  bag  with  hydrogen  without  unsealing.

Hermetic box for  hydrogen enrichment has internal  pressure up to 4 atm.

during several hours [46]. Afterwards the bag is placed in a sealed container

for about an hour in atmosphere pressure in order to avoid loss of hydrogen in

form  of  micro-bubbles  during  infusion  and  to  prevent  reverse  diffusion

through bag walls. Hydrogen concentration in the obtained solution is from

1,2  to  1,5  mg/l  [47].  There  is  another  method  of  NSS  enrichment  with

hydrogen  [48].  The  essence  of  it  is  understood  from  Fig.  7.  Hydrogen

diffuses  through  walls  of  bags  4  from  hydrogen  enriched  water  3  from

electrolyzer  through hoses  5  into  container  1.  To avoid  loss  of  hydrogen

container 1 is sealed with removable lid 2. This method permits to obtain

hydrogen concentration of 1,6 mg/l.

Fig. 7. Scheme of device for hydrogen enrichment of NSS.

Pharmacological profile of hydrogen

Clinical  results  of  hydrogen  use  and  research  of  its  therapeutic  use

prospects  in  models  of  diseases  with  use  of  laboratory  animals  are

represented  below.  The  data  are  grouped  according  to  names  of  diseases

and/or their models.

Anti-inflammatory properties of hydrogen

Anti-inflammatory  action  of  molecular  hydrogen  is  the  connecting

bridge  between  its  primary  chemical  reactions  in  organism  and  clinical
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effects.  This  statement  needs  to  be  explained.  According  to  paragraph

“Mechanism  of  ROS  formation”,  electrons  follow  respiratory  chain  from

oxidation  substrates  to  molecular  oxygen  in  normal  conditions.  Complete

reduction of hydrogen requires four electrons. This proportion is generally

noticed  in  norm,  but  if  respiration  chain  is  suppressed  as  a  result  of

intoxication or mitochondria damages, the process of transfer of electrons in

oxygen molecule is incomplete. In this case mechanism of respiratory chain

is suppressed at the stage of transfer of electron from coenzyme Q radical

with  formation  of  superoxide  anion  radical  (•ОО−).  Being  influenced  by

superoxidismutase ferment, superoxide radical in norm turns into hydrogen

peroxide  (H2O2).  Besides,  excess  of  hydrogen  peroxide  is  removed  with

action  of  glutathione-peroxidase  or  catalase.  In  conditions  of  pathology

failure  of  protection  ferment  system  of  superoxidismutase  and  thiol  type

antioxidants  (e.g.  glutathione  and  transferrin-ceruloplasmin  system)  takes

place.  In  this  case  superoxide-anion radicals  and hydrogen peroxide enter

alternative reactions, products of which are hydroxyl radicals (•OH). Excess

of the latter affects nucleic acids, outbreak of self-enforcing chain reactions

of lipid peroxidation and consequently – development of inflammation. Thus,

over-production of hydroxyl radical molecules is an essential part of a chain

of processes, which are grounds of pathogenesis of an overwhelming number

of  inflammatory  diseases  [9].  Unbelievably  high  oxidative  potential  of

hydroxyl radical  (see paragraph “Hydrogen – unique natural  antioxidant”)

provides opportunity to take a hydrogen atom from hydrogen molecule and

generate water molecule.

Why does  hydrogen  in  particular  serve  as  a  scavenger  for  hydroxyl

radical?  It  seems  that  the  basic  reason  for  it  is  that  the  said  radical  has
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extremely short lifetime. Hydrogen molecule surpasses all others in diffusion

speed and penetration ability. This permits it to reach hydroxyl radical first

and in any place – either in extracellular space or inside a cell and even in

mitochondria.  The  following  data  regarding  researches  of  hydrogen-

containing  gas  mixture  inhalation  in  model  of  inflammation  caused  by

zymosan  –  biopolymer  of  yeast  Saccharomyces  cerevisi  illustrate  anti-

inflammatory  activity  of  the  specified  gas.  Mass  administration  of  this

antigen  causes  generalized  immune  response  that  includes  activation  of

monocytes and macrophages and, as a result, increase of level of cytokines

and their mediators, as well as outburst of lipid peroxidation (see Fig. 8, A, B,

C). Fig. 8 shows data concerning multifold decrease by hydrogen of levels of

anti-inflammatory cytokine TNF- α and inflammation mediator  HMGB1, as

well as peroxidation product of residuals of arachidonic acid of phospholipids

molecules  8-Iso-Prostaglandin F2α,  that  indicates  the  intensity  of

peroxidation processes.  Certainly,  arresting oxidation stress  with all  of  its

manifestations  proportionally  decreases  histological  indexes  of  lesion  of

tissues (Fig. 8 D, E, F), mortality in mice, caused by zymosan (Fig. 8, on the

right). As hydrogen impacts the key part of pathogenetic process connected

with hyper-production of hydroxyl-radical and activation of phagocytes and,

consequently, lesion of tissues do not have organospecificity, cytoprotective

effect of hydrogen is cross functional and does not depend on organ type Fig.

8 D, E, F).

Hydrogen application can have synergetic effect with other medicines,

for  example,  narcotic  analgesics.  It  is  known  that  substances  causing

inactivation of peroxynitrit anion radicals considerably slowed biochemical

changes, which led to addiction to narcotic preparations. Timely removal of

peroxynitrit  anion  radicals  in  nerve  cells  considerably  intensified  pain

relieving effect of narcotic analgesics [50], [51]. Taking into account the fact

that  hydrogen  molecules  are  selective  scavengers  for  both  hydroxyl-  and

peroxynitrit  anion  radical  (Fig.  5),  one  can  expect  similar  desensitization
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effect  with  respect  to  these  preparations.  Anti-inflammatory  effects  of

hydrogen will be examined below with its therapeutic effect on example of

models of various diseases.

Fig. 8. Protective effect of air-hydrogen mixture (2%H2) (on the left) in case of
generalized sepsis in mice, caused by zymosan injection (1 g/kg) and their survival

rate within two weeks (on the right).

Nomenclature: 8-Iso-Prostaglandin F2α – marker of peroxidation, product of
peroxidation  of  residuals  of  arachidonic  acid  of  phospholipid  membranes.
HMGB1 (high-mobility  group  protein  1)  –  mediator  of  cytokines  and
inflammation, evolved from activated monocytes and phagocytes. TNF-α   ̶
tumor  necrosis  factor,  anti-inflammatory  cytokine.  Histologic  score  –
histologic  index  of  tissue  lesions.  Arrows  at  ordinate  axes  represent
corresponding levels of control of intact mice. NS-H and ZY-H2 – survival
rate in hydrogen-containing atmosphere (2%H2) after NSS injection (control)
and after zymosan injection (1g/kg), accordingly. ZY – survival rate in mice
in usual air after zymosan injection (1g/kg). Arrows represent levels of norm
of corresponding indexes. The figure was drawn on the ground of graphical
data borrowed from [49].

Hydrogen and apoptosis 

Due  to  their  high  reaction  ability  peroxynitrit-anion  and  hydroxyl-

radicals  can  interfere  with  synthesis,  transportation  and  interaction  with

receptors of signal molecules, which take part in supporting homeostasis in

organism – hormones, mediators,  eicosanoids, growth factors, apoptosis as

well as their secondary intermediates [52], [53], [54], [55]. Peroxynitrit anion

radical  affects  apoptosis  regulation  blocking  or  strengthening  information
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transfer  depending  on  points  of  exposure  and  enzyme-target  type.

Peroxynitrit anion radical also penetrates into other parts of apoptosis chain.

It  has  been  recently  informed  that  peroxynitrit-anion-radical  (ONOO−)

activates transfer of pro-caspases into caspases, initiating cell apoptosis [56].

For example, radical oxidation of catalyzing Cys-parts of cysteine-associated

phosphatases  (Tyr  and  MAPK types),  which reversibly  lose  their  activity

[57]. Peroxynitrit-anion-radical inhibits activity of thyrosine kinases, one of

the  most  significant  types  of  protein  kinases  that  mediate  signal  from  a

number of endogen substances – insulin, epidermal growth factor (EGF) and

platelet-derived  growth  factor  (PDGF).  Chemical  inhibition  mechanism

consists in nitration of active residuals of thyroxine in thyroxinase that makes

their phosphorylation impossible. Besides, peroxynitrit anion radical affects

mechanisms of de-phosphorylation of the ferment (see Fig. 9). It is known

that  namely  balance  between  phosphorylation  and  dephosphorylation

determines transfer of intracellular signals in norm. ROSs, as a rule, are not

primary agonists of control signals, but overlapping the allied signals, they

modulate  cellular  activity  by  way  of  recruiting,  synchronization  and

adjustment of signaling system in accordance with metabolic state of a cell

[52]. Any interference with oxidation-reduction potential of the cell leads to

change of coordination of intracellular events, nature of its interaction with

other cells, change of available control signals and generation of new ones in

the  whole  organism  [58].  In  relation  to  hydrogen  molecules  as  selective

scavengers  for  peroxynitrit  anion-  and  hydroxyl  radicals,  this  means  that

besides  obvious  aspects  of  cytoprotection  on  account  of  counteraction  to

oxidation process, the said gas can act in many ways like anti-apoptosis agent

by way of protection of signal mechanisms of cell division and cell death.
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Fig. 9.Possible effects of peroxynitrit (ONOO-) to chain of signal information
transfer. 

Peroxynitrit-anion-radical (ONOO−) by way of oxidizing SH-groups and

nitridation  influences  function  of  proteins  that  interact  with  true  proteins

(accepting  and effector  ones  –  AP and EP)  and  nuclear  factors  (NF-kB),

which  actively  take  part  in  processes  of  activation  of  ferments  of

phosphorylation and dephosphorylation  (phosphotyrosine phosphotase). The

scheme was borrowed from [59].

Skin and autoimmune diseases 

Leading  role  of  oxidation  stress  in  pathogenesis  of  autoimmune

diseases,  particularly  rheumatoid  arthritis,  multiple  sclerosis  and  systemic

lupus  erythematosus  in  known [60].  Inevitability  of  presence  of  ROSs in

pathogenesis  of  autoimmune  diseases  directly  comes  from  associated

inflammatory  processes  and  increase  of  anti-inflammatory  cytokine  level

TNF-α,  IL-1,8,  GM-CSF,  etc.,  as  well  and  stimulation  of  phagocytosis,

followed by oxidative “explosion” [16]. Peroxynitrit-anion-radical, generated

with  NADPH-oxidase of keratinocyte nuclear in presence of NO is under

suspicion  in  relation  to  reasons  of  ROS-induced  cell  damages  in  case  of

autoimmune  diseases  [61].  Taking  it  into  account,  one  should  expect

effectiveness  of  hydrogen  therapy  in  skin  diseases.  The  authors  [45]

conducted  therapy  of  erythematous  skin  diseases  with  hydrogen-enriched

NSS infusion. We shall consider this case and the following one in detail, as

there is lack of documented data on hydrogen application in clinical practice

now.
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Fig. 10.Effectiveness of hydrogen-enriched NSS infusion in treatment of:
a- acute herpetic infection; b,c- toxicodermatosis. The illustrations were borrowed

from [45].

Male patient (Fig. 10a) at the age of 48 was hospitalized with diagnosis

acute herpetic infection with high temperature and pain. Antiviral and pain-

relieving  therapy  was  prescribed.  However,  the  patient’s  condition

progressively worsened: skin rashes became one ulcer-lice surface, the face

benumbed, ptosis of left  part of the face started. Oral eating and drinking

were impossible because of inability to open his mouth caused by blockade of

skull nerves. The patient was treated with hydrogen-enriched NSS infusion.

Antibiotics were not used. On the third day of infusion the patient’s condition

drastically improved: ptosis, numbness of the left part of the face and rashes

disappeared,  temperature  became normal  (Fig.  10a,  on  the  right).  Female

patient at the age of 48 (Fig. 10 b,c), toxicodermatosis, supposedly, caused by

administration of roentgen-contrast substance during computer tomography

of brain. Erythrodermatitis was followed by rashes all over the body, fever

(38.5° С), and it turned out insensitive to traditional therapy (minophagen C).

Hydrogen-enriched NSS therapy lead to rapid improvement of the patient’s

condition within several hours (Fig. 10 b, c, from left to right).
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Table 3. Biochemical and hematological parameters of the patients who
underwent procedures of hydrogen-enriched NSS infusions. The data

were borrowed from [45].  

As one may see in Table 1, infusion of hydrogen-enriched NSS does not

worsen biochemical or hematological parameters connected with kidneys and

liver  functioning  even  in  the  case  of  the  patient  suffering  from

thrombocytopenia (case 2). The authors connect such high effectiveness of

hydrogen in  cases  of  dermal  diseases  with  the  fact  that  keratinocytes  are

characterized with high level of production of ROSs, which are necessary for

protection of organism from external influence, inclusive of infections.

Another  widespread  autoimmune  disease  is  rheumatoid  arthritis,

suffered  by  about  1%  of  the  Earth’s  population.  [62]  gives  results  of

researching dynamics of generally accepted indicators of rheumatoid arthritis

flow  –  level  of  cyclic  anti-citrullinated  peptide  antibodies  (ACPA)  and

activity index of rheumatoid arthritis  DAS28, determined by swell and pain

in  joints,  patient’s  assessment  of  his/her  own  health  state  according  to

analogue  scale  and  level  of  C-reactive  protein.  Antioxidant  effect  of

molecular hydrogen was assessed according to level of 8-hydroxiguanine (8-

OHdG), which is a product of ROS-destruction of DNA of free purine bases.
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The research was held in a group of 20 patients suffering from rheumatoid

arthritis. Treatment protocol consisted of two four-week courses of every day

drinking  of  hydrogen-enriched  water  in  amount  530  ml,  with  hydrogen

concentration 4-5 ppm (~ three times more than in norm), with four-week

period of break.

Fig. 11. Dynamics of oxidative stress marker 8-OHdG (on the left), indicator of
rheumatoid arthritis activity DSA28CRP (on the right) in the course of hydrogen-

enriched water treatment.The data were borrowed from [62].

Patients,  who took hydrogen-enriched water,  had level of 8-OHdG in

their  urine  definitely  decreased  for  14,3%  (р <0,01).  DAS28  index  also

decreased from 3,83 to 3,02 (р <0,01) within the same period. The repeated

course  caused  additional  lowering  of  the  index.  After  the  break  in  the

drinking course average value of the marker DAS28 decreased from 2,83 to

2,26 (р <0,01). 8-OHdG level in urine remained similar to the one reached

during the first course of the drinking procedures (see Fig. 11). Four of five

patients with short experience of rheumatoid arthritis (<12 months) had the

disease  symptoms  completely  arrested.  It  is  interesting  that  decrease  of

arthritis activity during the period of the break between the treatment courses

was typical for both (ACPA)- positive and (ACPA)- negative patients. The

authors suppose that nature of neo-epitopes activating autoimmune reaction is

connected  with  oxidation  of  free  purine  bases  containing  in  DNA,  and

decrease of activity of rheumatoid arthritis due to hydrogen is determined by

selective antioxidant effect to hydroxyl- and peroxynitrit anion radicals. As

one may see in Fig. 11, the researched group was characterized by medium-

low activity of rheumatoid arthritis (3.2<DAS 28 < 5.1) before the beginning
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of the treatment course. In the end of the course the activity index lowered to

interval of low activity – remission. Drinking hydrogen-enriched water once

a  day  during  a  month  can  be  considered  as  an  effective  method  of

prophylactics and treatment of rheumatoid arthritis.

Infectious diseases 

One of objections regarding application of antioxidants as therapeutic

agents in infectious diseases is that phagocytes use superoxide-anion-radical

and  hydrogen  peroxide  for  destructing  bacteria.  The  data  specified  in

paragraph “Hydrogen –  unique  natural  antioxidant”  show that  antioxidant

effect  of  hydrogen  molecules  does  not  impact  ROS-dependent  molecular

mechanisms of inborn immunity. On the contrary, experimental researches

showed  that  inhalation  of  2%  hydrogen  within  1-6  hours  after  surgery

dramatically decreased lesion of  internals in polymicrobial sepsis  in mice,

caused  by  ligation  and  puncturing  of  cecum [63].  Biochemical  tests  [64]

showed that hydrogen suppressed migration of molecules of cellular adhesion

(VCAM-1),  inter-cellular  adhesion  (ICAM-1)  and  anti-inflammatory

cytokines - TNF–α, interleukin (IL), -1β TNF-α, IL-β and cytokine mediator

(HMGB1). Besides, hydrogen increased level of anti-inflammatory cytokine

IL-10 in endothelial cells of human umbilical vein and lung tissue of mice

with sepsis. They suppose that the reason of decrease of vascular lesions and

inflammation effected by molecular hydrogen is activation of transcription

factor  Nrf2  with  further  induction  of  expression  of  antioxidant

hemoxigenase-1  (HO-1),  which  is  an  essential  element  of  protection  of

vessels from inflammation. Similar results were obtained in another model of

parasitic disease of liver in mice with schistosomes. Sick animals were placed

into  a  vacuum  chamber  with  pressure  8  atm.,  77,5  %  hydrogen,  2,5  %

oxygen,  for  two  weeks.  For  control  they  used  sick  animals  placed  in

hyperbaric  helium  atmosphere.  Hydrogen  atmosphere  showcased

considerable  protection  effect  with  regard  to  liver  trauma,  particularly:
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fibroses  lowered,  hemodynamics  improved,  activity  of  NO-synthase

increased, activity of antioxidant ferments increased, level of lipid peroxides

and circulating TNF-α decreased [65].

Kidney diseases

Atherosclerosis may be a reason of ischemia and hypoxia of a kidney. It

causes  kidney  vessel  patency  obstruction.  Kidneys  are  very  sensitive  to

failures of blood supply. For instance, even 50% lesion of one of the arteries,

supplying this organ, leads to ischemia and kidney dysfunction. Lesion of

aorta in the area of abdomen as well as of kidney arteries may become a

provoking factor for this pathology.

The authors conducted modeling of kidney ischemia [66] with bilateral

occlusion of renal hilum in a rat for 45 minutes and following reperfusion

within 24 hours. After the mentioned period of reperfusion they took blood

for  a  test  from lower peritoneal  vena cava.  Blood urea nitrogen (nitrogen

containing in final products of protein metabolism, urea in particular, BUN)

and creatinine (Cr), oxidative stress markers of malondialdehyde (MDA) and

levels  8-Oh-2’-deoxyguanosine  (8-OhdG),  tumor  necrosis  factor  TNF-a,

interleukins IL-1b,  IL-6,  myeloperoxidase  (MPO) levels  increased rapidly,

whereas superoxidedismutase (SOD) and catalase (CAT) levels considerably

decreased.  Intraperitoneal  administration  of  hydrogen-enriched  NSS  (13,5

ml/l)  to the animals 5 minutes before ligation statistically validly lowered

deviance from norm of the above specified values (see Fig. 12).
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Fig. 12. Influence of one-time administration of hydrogen-enriched solution on
increases of oxidative stress marker level caused by ischemia/reperfusion: A -

malondialdehyde, B -  8-Oh-2’-deoxyguanosine and kidney functions -  C –increase of
blood urea  nitrogen level and  

D – blood creatinine.

Axis of abscisses nomenclature: sham- imitation of occlusion of renal
hila  +  administration  of  NSS  before  imitation;  I/R  –  kidney
ischemia/reperfusion  +   NSS  before  occlusion;  I/R  +  H2  –  kidney
ischemia/reperfusion +  hydrogen-enriched NSS before occlusion;  I/R + H2
– kidney ischemia/reperfusion +  nitrogen-enriched NSS before occlusion.
The figure was drawn on the ground of graphic material borrowed from [66].

Nephroprotective effect of hydrogen enriched water can be explained,

according to the authors, by decrease of oxidative stress in kidneys during

reperfusion. Hydrogen’s protective effect is cross functional for every organ.

Data concerning neuroprotective [35], cardioprotective [67], hepatoprotective

[68],  muscleprotective [69] effect,  which were also obtained in models of

ischemia/reperfusion and in model of neonatal hypoxia/ischemia, support this

fact [70]. 

Chronic inflammatory diseases are negative prognosis in case of kidney

failure if choice of medicament treatment is very limited. Taking this fact as

well  as  the  data  about  anti-inflammatory  effect  of  hydrogen  into

consideration,  the authors [71] conducted long-term experiment of clinical

results of hydrogen administration into dialysis contour by way of modifying

preparation process. Final concentration of hydrogen in dialytic fluid equaled
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48 ppb.  21 patients were examined in the course of the experiment. They

underwent procedures of hemodialysis three times a week. Myeloperoxidase

and monocytic chemoattractant  protein  MCP-1 were used as  inflammation

indicator in the vessels. Average values of both parameters in the course of

the procedures  decreased for  ~ 10%, with probability  P<0.05 and P<0.01

correspondingly.  Another important  result  of  administration of  H2  into the

dialytic fluid was considerable lowering of arterial pressure after finishing the

procedure (Fig. 13).

Fig. 13.  Distribution of systolic blood pressure before and after hemodialysis with
use of dialytic fluid with  H2 concentration equaling 48 ppb. The data were borrowed

from [71]

The  model  and  clinical  observations,  which  are  available  at  present,

were carried out with hydrogen consideration exceeding the one in the said

experiment at least 30 times. On the ground of this, one can suppose that the

specified in the present paper results can be considerably improved by way of

adding more hydrogen to dialytic fluid. 

Diabetes 

Drinking water with 1.2 mg/l concentration of hydrogen in amount 900

ml every day lowers level of modified (with negative charge) low density

lipoproteids (LDL), common LDL and isoprostane for 15.5% (P <0.01), 5.7%

(P <0.05) and 6.6% (P< 0.05) accordingly. Researches were conducted with

36  patients  suffering  from II  type  diabetes  or  impaired  glucose  tolerance

(IGT)  [68].  Beneficial  effect  of  hydrogen-enriched  water  especially

showcased in group of the patients with impaired glucose tolerance. As one
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may see in Fig. 14, 8 weeks after the treatment 2-hour levels of glucose in

plasma considerably lowered as compared to the initial  level (9,36 ± 0,91

versus 7,33 ± 1,17 mM/l, P = 0,0010). On the contrary, insulin level at peak

grew up to 423,8 ± 246,2 pM/l versus 270,1 ± 206,9, P = 0,0329 in placebo

group. Four of six patients with IGT got normal tolerance to glucose. The

authors suppose that the results of the research bear evidence of positive role

of hydrogen-enriched water in prophylactics and treatment of II-type diabetes

and insulin resistance.

Fig. 14. Glucose and insulin concentration in plasma in response to taking 75 g of
glucose before (○) and after (●) a course of hydrogen-enriched water drinking for the
period of 8 weeks. The figure represents average data for the group of 6 patients with

impaired glucose tolerance. The data were borrowed from [68]

Liver diseases

Inclusion of hydrogen-enriched water into everyday meals considerably

increases  effectiveness  of  traditional  treatment  of  hepatitis  B  that  is

confirmed by decrease  of  deviations  from norm of  HBV activity  markers

(alanine-aminotransferase  (ALT),   total  bilirubin  (TbiL),  cholinesterase

(ChE)) and decrease of viral load HBV DNA (see Fig. 15, lower table) [72].

Taking into account antioxidant effect of hydrogen the authors suggest that

the reason for  it  is  decrease of  oxidative stress  followed by inflammatory

processes in liver (one can observe it due to increase of superoxide dismutase

(SOD)  and  glutation-S  transferase  (GST)  activity  as  well  as  decrease  of

xantioxidase (XOD) and malon dialdehyde  (MDA) activity ) (see Fig. 15,

upper table).
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Fig. 15. Influence of hydrogen-enriched water (three times a day (8–9 AM; 14–
15 PM; 18–19 PM, 1.200–1.800 mL every day) during 6 months) on biochemical

markers of oxidative stress (upper table) and ALT, TbiL, ChE, HBV DNA viral load
levels (lower table). The data were borrowed from [72].

Hepatoprotective  effects  of  hydrogen  were  also  demonstrated  in

experiments on animals with use of model of liver damage with endotoxins

[73],  liver  damage in case  of  hypoxia-reoxigenation [74]  and intoxication

with  CCl4  [75].  Research  of  hydrogen  impact  on  pathogenesis  of

hyperlipidemia gives great prospect of practical use of molecular hydrogen in

medicine [76].  It  is  known that  oxidative stress  is pathogenetic ground of

hyperglycemia  and  hyperlipidemia.  Commonly  accepted  model  for

examination of this pathology and screening of anti-diabetic preparations are

mice  of  genetic  line  db  /  db,  without  leptin  receptor.  The  quoted  paper

considers differences in biochemical and histological  indicators of liver of

db/db line mice consuming usual and hydrogen-enriched water. They used a

group of non-diabetic line mice (db/+) and C57BL/6 line mice (wild mice) as

control. Drinking hydrogen-enriched water rapidly lowered hyperlipidemia of

liver (see Fig. 16B).
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Fig. 16. Differences in anatomical and histological indicators of liver of genetic line
db / db with use of usual and hydrogen-enriched water. Group of non-diabetic line

db/+ was used as control.          

                                                                                                               Nomenc
lature in the figure: DIO – diabetically induced  obesity; Oil Red O – type of

dying of histological sections, selectively oozing fat granules in liver
parenchyma. The figure was drawn on the ground of illustrations of

hyperlipidemia borrowed from [76].

Even outwardly (Fig. 16A on the right) liver of the diabetic line db/db

mice,  having consumed hydrogen-enriched water,  looks  like liver  of  non-

diabetic line mice (Fig. 16A on the left). The effect of H2-water is evident in

sizes  of  the  diabetic  line  mice  (Fig.  16  on  the  right).  The  said  figure

represents images of histological sections of the diabetic line mice with lipid-

selective dye (16B) and quantitative image processing (16C). As one may see

in the figure,  density of  lipid inclusions in the liver  sections of  the mice,

which had consumed H2-water  became 2,5 times less  as  compared to  the

control.  Considerable,  although  not  so  significant,  hydrogen-induced

lowering of fatty inclusion density was observed in the usual mice having

been  on  obesity-inducing diet  (Fig.  16C,  in  the  centre  and  on the  right).

Drinking hydrogen-enriched water increased production of hepatic hormone,

growth factor of fibroblasts  (FGF21), which speed up glucose consumption.

They observed larger consumption of oxygen and carbon production in the

mice  that  had  consumed  H2-water.  These  data  show  great  potential  of

hydrogen therapy in metabolic syndrome prophylactics. 
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Fig. 17. Protective effect of exogenous hydrogen in model of concanavalin-induced
liver damage in mice in control and on the background of artificial dysbacteriosis.

Explanation to the protocol of the experiment (time scheme above):  in the beginning
of the experiment the mice consumed antibiotics “cocktail” (Sulfamethoxazole, 4

mg/ml; Trimethoprim, 0.8 mg/ml;  Ampicillin, 0.1 mg/ml) during three days, then the
animals drank water containing only Ampicillin (0.1 mg/ml) for three additional

days, later –12 before administration of Сoncanavalin A  (15 mg/kg) the experiment
group of mice received H2-water p.o. and the control one – usual water in amount 1

ml. later both experimental and control groups drank solution of Ampicillin (0.1
mg/ml). Data of the figure were borrowed from [77].

It  is  important  to  note  that  endogenous hydrogen being generated in

bowel  plays  significant  role  in  liver  protection  in  vivo.  This  unexpected

conclusion is clearly made on the ground of data of research [77] held on the

model  of cоncanavalin-induced  liver  damage.  The  authors  used  artificial

dysbacteriosis caused by oral administration of antibiotics “cocktail” in order

to suppress hydrogen synthesis by intestinal flora, Fig. 17. Description of the

experiment  scheme  is  presented  under  the  figure,  which  shows  dramatic

growth of anti-inflammatory cytokines (TNF-α) and interferon gamma (IFN-

c),  as well as aminotransferases AST and ALT in absence of endogenous

hydrogen.

 The authors [77] suppose that protective effect of H2 can also be related

to  inhibition  of  lymphocyte  activation  with  anti-inflammatory  cytokines,
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TNF-α and IFN-c, see Fig. 17. It is known that hydroxyl radicals activate

TNF-α expression by way of re-activation of NF-kB signal paths [78]. It is

also  known that  activation of  NADPH-oxygenise  expression in  its  turn is

followed by generation of ROSs from NADPH [79]. The authors consider

that presence of such positive connection between oxidization and reduction

processes creates beneficial conditions for manifestation of organ-protective

effect of Н2 in general and hepatoprotective one in particular.

Liver is especially sensitive to organism’s anti-oxidation system work in

view  of  special  tension  of  metabolic  oxidation  reactions,  that  is  why

antioxidant  role  of  endogenous hydrogen,  which has been revealed in the

model  experiments,  opens  prospects  of  enhancement  of  this  native

mechanism of antioxidant protection on account of exogenous hydrogen.  

Parkinson's and Alzheimer's diseases

Aging is one of the basic risk factors of development of ROS-dependent

neuro-degenerative diseases, among which are Alzheimer's disease (AD) and

Parkinson’s disease (PD) [80].

 Alzheimer's disease (AD). Clinical researches showed that containing

of oxidized lipid forms, proteins and DNA in brain of patients suffering from

AD exceeds  the  norm thrice  [81],  [82],  [83],[84].  They  consider  that  the

reason  of  it  is  oxidative  stress  caused  by  disbalance  of  oxidation  and

reduction processes in brain cells, dysfunction of mitochondria, inflammatory

processes,  endogenous and exogenous toxins.  These factors intensify each

other and lead to neuronal dysfunction and in the end – apoptosis or necrosis

of brain cells [85], [86]. Indirect proof of the role of oxidative stress in AD

development consists in data of successful use of antioxidants for correction

of cognitive disorders of patient suffering from this disease [87]. It is thought

that  the most  important  factor  relevant  to  AD pathogenesis  is  disorder  of

amyloidal peptide metabolism that provokes oxidative stress in neuronal cells
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[88],  [89].  The  most  wide-spread  AD  model  is  intracerebroventricular

administration of amyloidal peptide A1–42. It results in manifold increase of

levels of interleukin IL-1β (mediator of acute and chronic inflammation), 8-

ОН-2-deoxiguanosine  8-OH-dG (marker of oxidative damage of DNA and

oxidative  stress),  mitogen-activated  serine/threonine  protein  kinases  JNK

(takes  part  in  apoptosis  and  neurodegeneration)  and  nuclear  transcription

factor  NF-B  (takes  part  in  regulation  of  inflammation,  cell  division  and

apoptosis). Having applied this model of AD, the authors [90] showed that

everyday  intraperitoneal  administration  to  animals  of  hydrogen-enriched

water  in  amount  5  ml/kg  within  the  period  of  10  days  after

intracerebroventricular  administration  the  peptide  A1–42 validly  decreases

growth of the listed above indicators of brain tissue damage in the examined

animals (see Fig. 18).

Fig. 18. Impact of hydrogen-enriched water on damages of neural tissue of rats’
brain inducted with intracerebroventricular injection of  amyloidal peptide. 

  A,B – density of cells stained with selective to marker of oxidative damage
of  DNA  8-ОН-2-deoxyguanosine (8-OH-dG)  in  dentate  fascia  in
hippocampus and parietal lobe cortex, accordingly; C- level of interleukin IL-
1β,  D  –  relative  density  of  protein  kinase  JNK; E –  that  of  nuclear
transcription factor NF-B; F- time of searching hidden platform in a pool with
water.  Sham  –  group  with  imitation  of  intracerebroventricular  injection,
Aβ+saline – group that received injection of amyloidal peptide and everyday
injections with NSS (5 ml/kg)  during 10 days, Aβ+hydrogen  - the same, but
NSS being hydrogen enriched beforehand. The data presented in Fig. 18 A,
B, C, D, E, were borrowed from [90], in Fig. 18 F - from [91].
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The authors suppose that hydrogen enriched NSS prevents amyloid-β-

induced oxidative stress and brain tissue inflammation by way of weakening

activation of С-Jun NH2-terminal kinase (JNK) and nuclear factor (NF- В) in

the  model  of  Alzheimer's  disease  in  rats.  Conclusions  of

immunohistichemical examinations presented in the said paper are supported

with data of influence of intraperitoneal injections of hydrogen-enriched NSS

on A1-42-induced failures of spatial learning and memory in rates [91]. As

one may see in Fig. 18 F, time of searching the hidden platform in the pool

with water (escape latency test) in the A1-42 injected group of rats rapidly

worsens (about three times by fifth attempt) as compared to the group, in

which  injection  was  imitated.  These  failures  of  the  mechanism of  spatial

orientation  and  memory  corresponding  to  similar  damages  in  case  of

Alzheimer's disease are almost completely arrested with hydrogen-enriched

normal saline solution.

Parkinson’s  disease is  a  neurologic  syndrome,  which  manifests  in

resting  tremor,  rigidness,  bradykinesia  and  loss  of  postural  reflexes.

Parkinson’s  disease,  one  of  the  most  wide-spread  neurologic  disorders  in

elderly  people,  is  characterized  with  progressive  and  massive  loss  of

dopaminergic neurons of midbrain. They know several factors of endogenous

and exogenous  nature, which can be involved into selective vulnerability of

dopaminergic mediation, among which metabolism of free oxygen radicals

can  play  especially  significant  role  [92]. Morphological  examinations  of

postmortem  brain  sections  of  patients  with  Parkinson’s  disease  prove

presence of apoptosis of dopaminergic neurons in midbrain [93]. It is known

that apoptosis process in related to oxidative-anti-oxidative balance and it is

spurted in case of oxidative stress [17]. So increase of lipid peroxidation and

activity of superoxide dismutase is observed in critical for this disease brain

area –  Substantia nigra [94], [95], glutathione level decrease is observed in

basal ganglia of subcortical nuclei [96], increase of iron content, which may

contribute to generation of hydroxyl radicals,  is  observed in various brain
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areas [97], [98]. One of the most wide-spread models of Parkinson’s disease

in animals is administration of 6-hydroxidopamine (6-OHDA) into striatum.

Ability of  6-OHDA to oxidize fast in presence of oxygen and thus generate

oxidative stress is used in this model. The latter is applied for researching

molecular mechanisms taking part in  Parkinson’s disease pathogenesis and

search  of  new neuroprotectors  [99].  The  model  was  applied  in  [100]  for

assessment  of  prospects  of  hydrogen  use  for  treatment  of  Parkinsonism.

Oxidative  stress  was  assessed  by  presence  in  brain  sections  of  neurons

stained with immunoselective to tyrosine hydroxylase (TH) dyes.  TH is a

speed-limiting ferment in chain of synthesis of catechol amines and marker of

dopaminergic neurons.

Fig. 19. Neuroprotective effect of hydrogen-enriched water in animals with free
access to it. 

The figure  represents  micro-photos  of  Substantia  Nigra  and Striatum
sections  of  experimental  animals,  stained  with  tyrosine  hydrokinase  (TH)
selective dye. Control - A,D,G (Substantia Nigra) and  С,F,I (Striatum), left
part of the photos; B,E,H (Substantia Nigra) and С,F,I (Striatum), right part
of the micro-photos - after 6-OHDA injection. The middle row of the micro-
photos  refers  to  the  group  of  rats  having  had  free  access  to  drinking
hydrogen-enriched water during a week before 6-OHDA injection. The lower
one – ibid. for the group of rats, having consumed water during a week after
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the injection. Down -  percent of dopaminergic neurons in sections Substantia
Nigra in 48 hours after 6-OHDA injection:  ctr – group of the animals,  not
having drunk hydrogen enriched water  (data  in  micro-photos  B,A);  preH
group of the animals, having had  free access to hydrogen-enriched water
during 1 week before 6-OHDA injection (data in micro-photos D,E); postH –
group of  the  animals,  having had free  access  to  hydrogen-enriched  water
during  1  week  after  6-OHDA  injection  (data  in  micro-photos  D,E).  The
figure was borrowed from [100]. 

As one may see in the figure, 6-OHDA injection leads to ~60% loss of

dopaminergic neurons in Substantia Nigra sections (see Fig. 19 A,B,J). This

indicator in rough terms corresponds to 50-70% loss of dopamine in the same

brain  area  in  people  with  Parkinson’s  disease  [101].  Drinking  hydrogen-

enriched  water  before  or  after  6-OHDA  injection  radically  decreases

percentage of loss of dopaminergic neurons. Fig. 19 J shoes that percentage

of  rats,  which  had  consumed  hydrogen-enriched  water  and  died  from

apoptosis or necrosis of neurons in Substantia Nigra, is only 17%. Hence,

deviations in behavioral reactions in rats in this model of Parkinson’s disease

must be less expressed. Indeed, data of methamphetamine-induced rotation

test  based  on  registration  of  indicative  rotation  moves  in  experimental

animals, show dramatic suppression of neurodegeneration symptoms in the

model  of  Parkinson’s  disease  (see  Fig.  20).  The  authors  did  not  notice

distinctive for control group Parkinsonism-like tremor in the animals, which

had drunk hydrogen-enriched water. 

Fig. 20. Free access to hydrogen-enriched water arrests behavioral symptoms of
neurodegeneration in the model of Parkinson’s disease according to

methamphetamine-induced rotation test.
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Light bars – the control group, having received 6-OHDA injections.  Dark
bars – the experimental group, having had free access to drinking hydrogen-
enriched  water  one  week  before  6-OHDA  injection.  Methamphetamine-
induced test was carried out with one-time intraperitoneal administration of 5
mg/kg methamphetamine. The figure was borrowed from [100].

Qualitatively  similar  results  of  hydrogen-enriched water  consumption

were  obtained  in  another  model  of  Parkinson’s  disease,  grounded  on

administration  of  1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine  (MPTP),

causing death of dopaminergic neurons in brain [102]. There are also data on

successful  use  of  hydrogen-enriched  drinking  water  in  case  of  treating

patients with Parkinson’s disease [103]. 18 of them took part in the research.

All the patients were treated with Levodopa preparation (350 mg/day). The

experimental group in addition to standard treatment took hydrogen-enriched

water (1000 ml a day). Placebo-controlled, randomized, double blind, clinical

experimental research in parallel groups took place 48 weeks and showed that

condition of the patients, who had received H2-water, improved considerably

more than that  of  the patients,  who had received only standard treatment.

Thus, average value Unified Parkinson’s Disease Rating Scale (UPDRS) for

the experimental group equaled 5.7 ±8.4 versus 4.1±9.2. Despite small size of

the examined group the differences are valid (P<0.05).

Thus, there is good reason to believe that hydrogen-enriched drinking

water decreases oxidative stress in brain and can be useful in everyday life

for  prophylactics  of  risks  of  development  of  age-,  lifestyle-  and

endotoxin/eksotoxin (alcohol, smoking, low-quality water and food) effect-

related neurodegenerative diseases,  as well as for rehabilitation after acute

period of neurotoxins action, e.g. excessive alcohol consumption. 

Cerebrovascular diseases

Substances-antioxidants and free radical scavengers are effective means

in case of rehabilitation of patients after stroke and traumatic brain damages

[104].  Among  these  substances  are  some  derivatives  of  pyrazoline  and
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namely  -  3-methyl-1-phenyl-2-pyrazolin-5-one  (Edaravone)  -  a

neuroprotector,  action mechanism of which consists in inactivation of free

radicals  [105].  Taking  into  account  the  fact  that  hydrogen  is  also  a  free

radical scavenger, one may expect that hydrogen therapy can be included into

rehabilitation  course  of  post-stroke  patients.  [43]  contains  results  of

comparative  research  of  rehabilitation  effectiveness  for  34  patients  with

stroke caused by atheromatous occlusion in large-bore artery mouth (branch

atheromatous disease), localized in brain stem. 26 patients received therapy

Edaravon (30 mg,  intravenously,  twice  a  day)  and 8 patients  additionally

received intravenous infusion of  hydrogen-enriched NSS (200 ml of  NSS

with hydrogen concentration up to 1 mg/l). The patients were treated with

delay in relation to beginning of stroke from 4 to 24 hours. Effectiveness of

the therapy was qualitatively assessed according to rDWI (diffusion weighted

imaging rate) and rADC (apparent diffusion coefficient rate) of MRI-images

of  the  same  areas.  Changes  of  DWI-  and  ADC-parameters  of  identical

fragments of MRI-images in the course of rehabilitation are presented in Fig.

21 on the right.  In  the acute  stage  of  stroke MRI rates  (rDWI & rADC)

worsen within first 3-7 days after sudden attack and then gradually normalize

in about 10 days (pseudo-normalization period). Acceleration of rDWI and

RADC  normalization  as  a  result  of  drug  therapy  is  reliable  indicator  of

rehabilitation effectiveness for patients in post-stroke period.

Fig.  21. On the left – dynamics of rDWI (diffusion weighted imaging rate). In the
centre - rADC (apparent diffusion coefficient rate) of stroke focuses in brain stem in
case  of  treatment  with  Edaravone  (),  Edaravone+H2  ()  and  average  statistic
control value (), according to [106], on the right – schematic image of rDWI and
rADC dynamics in post-stroke period. The figure was borrowed from [107].
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Fig. 21 on the left and in the center presents dynamics of average values

of rDWI and rADC in case of treatment with Edaravone (Fig. 21-  ) and

Edaravone in association with hydrogen-enriched NSS infusion (Fig. 21- ).

Points signed with () show dynamics of these parameters from the moment

of stroke to pseudo-normalization when disease flow is natural. Comparison

of rDWI (Fig. 21, on the right) and (Fig. 21, on the left) shows that drug

Edaravone known as free radical  scavenger considerably lowers indicative

“hill” of the  rDWI () curve, observed on 3-4 day after stroke, although it

does not influence the level of the said indicator by day 10 in the period of

pseudo-normalization. Addition of intravenous hydrogen-enriched NSS ()

infusion into treatment protocol prevents development of the distinctive “hill”

and “low” in the curves of rDWI and rADC dynamics. As rDWI and rADC

anomalies in MRI-images at first zooming in reflect sizes of brain stroke area

and,  taking  into  consideration  the  data  from  Fig.  21,  the  authors  make

conclusion about prospect of researching the use of molecular hydrogen as

means of prophylactics and rehabilitation of stroke. 

Pulmonary insufficiency

There is  a large list  of  scientific  literature dedicated to researches of

possible  application  of  molecular  hydrogen  for  treatment  of  pulmonary

diseases. In particular, hydrogen-enriched NSS was examined in the model of

lung tissue lesion as a result of decompression [108]. Decompression illness

is a multisystem disease caused by ascent of diver  to surface with violation

of  decompression  protocol.  The  disease  is  connected  with  appearance  of

micro-bubbles of dissolved gases in blood, which cause lesions of vascular

epithelium and vasculum occlusion and further oxidative stress taking part as

a result of reperfusion of organism tissues. The most vulnerable organ in case

of decompression disease is lungs [109]. 
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Fig. 22.  Intraperitoneal injection of hydrogen-enriched NSS, (10 ml/kg) prevents
growth of oxidative stress markers after decompression: MPO – myeloperoxidases,

MDA- malondialdehyde, 8-OHdG - 8-hydroxiguanine (A,B,C) and decreases
expressiveness of decompression disease symptoms (D). 

Nomenclature: A,B,C:  -control – biochemical parameters of control group
of rats, which were not subject to explosive decompression; -saline – ibid.
for  group of rats, which were subject to decompression and received regular
NSS injections; ▓-Н2  saline – ibid. for  group of rats, which were subject to
decompression  and  received  hydrogen-enriched  NSS  injections;  D:   -
expressiveness  of  decompression  disease  (limping,  abnormal  breathing
pattern, limbs paralysis, convulsions),   - deaths. The figure was drawn on
the ground of data borrowed from [108].

Thus, lung tissue lesions in case of explosive decompression are a proper

model for testing organ-protective substances. As one may see in Fig. 22D,

injections of hydrogen-enriched normal saline solution make expressiveness

of decompression symptoms and death rate in rats almost twice lower. The

authors explain this by hydrogen’s antioxidant properties (see Fig. 22 A,B,C).

Taking into account the fact that molecular hydrogen does not interact with

active forms of oxygen that have moderate oxidative potential (see paragraph

“Hydrogen  as  selective  antioxidant”),  one  may  suppose  that  decrease  of

oxidative  stress  markers  with  it  and,  consequently,  its  anti-decompressive

effect is caused by inactivation of hydroxyl radicals  (•OH) and peroxynitrit

anion  (ONOO−), as it was shown for other models of ischemia-reperfusion

[7]. Hydrogen-enriched NSS injections are extremely effective in other lung

tissue  lesion  types,  too  [110],  [111].  [47]  uses  this  type  of  molecular

hydrogen administration into organism for arresting consequences of inhaling

tobacco smoke by laboratory anesthetized rats. The idea of the research was

grounded on leading role of ROSs in lung destruction. Lung tissue lesion,
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when smoke is inhaled, causes activation of neutrophiles, macrophages and

alveolar  endothelial  cells,  which evolve inflammation mediators,  including

active oxygen and nitrogen forms, cytokines TNF- α and IL-1 [112]. Increase

of levels of TNF-α results in growth of production and activation of other

inflammatory cytokines and factors like IL-1, IL-6 and IL-8 that finally lead

to  oedema.  Grounding  on  the  earlier  found  selective  (with  respect  to

oxidative  stress  inducers)  antioxidant  properties  one  may  expect  that

hydrogen can manifest its protective functions in case of lung trauma as well.

Fig. 23.  Intraperitoneal administration of hydrogen-enriched NSS has antioxidant
effect towards lung trauma in rats caused by inhaling tobacco smoke. Nomenclature:
S – data relating to intact group of the animals; I-NS – data relating to group of the
animals subjected to inhalation trauma with further administration of regular NSS

(5 ml/kg, 30 minutes after inhaling smoke); I-НS ibid. with use of hydrogen-enriched
NSS. TNF-α – tumor-necrotizing factor; SOD – superoxide dismutase; MDA –
malondialdehyde. The figure is based on graphic material borrowed from [47].

Administration  of  hydrogen-enriched  NSS  more  than  twice  reduces

increase  of  TNF-α  level  caused  by  smoke  inhaling  and  also  normalizes

changes  of  level  of  oxidative  stress  markers  –  superoxide  dismutase  and

malondialdehyde (Fig. 23). Proportional decrease of NF-kBp65 expression as

well  as  amount  of  cells  in  the  stage  of  apoptosis  is  observed  as  well.

Protective effect of hydrogen towards microstructure of lung tissue is obvious

in micro photos of dyed histological sections (see FigFig. 23). Results of this

study show that  treatment with application of hydrogen-enriched NSS has

protective effect in case of acute pulmonary damages induced with inhalation

trauma  at  least  in  activating  anti-inflammatory  and  antioxidant  ways  of

apoptosis  inhibition.  Despite  lack  of  researches  of  mechanism  of  its
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protective effect, use of molecular hydrogen has prospects in therapy of acute

pulmonary damages induced with inhalation trauma. 

Oncologic diseases 

Connection between stress and malignant transformation of cells is well

established,  and  increased  ROS  level  as  a  distinctive  feature  of  blast-

transformed cells [113] is considered as a significant factor during production

of  anti-tumor  preparations.  It  is  obvious  that  any influence  on oxidation-

reduction balance must result in growth of tumors. [6] shows experiments on

model  of  dermoid  cancer  in  mice  and  anti-tumor  effect  of  the  animals’

staying in atmosphere with 2.5% of oxygen and 97.5% of hydrogen, 8 atm.

pressure within 6 days (see Fig. 24).

Fig. 24. Anti-tumor effect of hyperbaric hydrogen and oxygen mixture (unlike helium
and oxygen mixture). Mixture pressure – 8 bar., exposition term – 9-10 days. The

figure is based on graphic material borrowed from [6]

 Such content of the gas mixture was chosen on the ground of fire safety

techniques,  which establishes less than 4% oxygen content  in oxygen and

hydrogen environment (if pressure is 8 atm., gas mixture with 2.5% oxygen is

normoxic). The said period of staying in hydrogen atmosphere is enough for

reverse development or degeneration of tumors having been registered both

visually and histologically. Prospects of hyperbaric application of hydrogen
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for therapy seem quite doubtful, however, the shown results turned out to be

sufficient ground for searching other ways of its  application as anti-tumor

agent. One of such ways might be hydrogen-enriched NSS. [114] shows that

intraperitoneal  administration  of  such  solution  to  mice  rapidly  reduces

mortality of the animals in the model of radiation-induced thymic lymphoma

(see Fig. 25).

Fig.  25. Hydrogen anti-tumor effect  (models  of  radiation-induced
thymic lymphoma).  On the left  – survival rate in mice with radiation
induced  thymic  lymphoma  in  group  that  received  intraperitoneal
injections of hydrogen-enriched (black line) and original (gray line) NSS.
On  the  right  –  influence  of  intraperitoneal  injections  of   hydrogen-
enriched (black bars) and original (gray bars) NSS in the control group
(non-IR)  and  radiated  group  of  the  mice  (IR)  on  relative  value  of
intracellular  oxidative  stress  (DCFH-DA  test),  activity  of  superoxide
dismutase  (SOD),  glutamate  (GSH)  and  malondialdehyde  (MDA)  of
blood plasma of mice that received sub-lethal radiation doses. Normal
saline solution was administered five minutes before radiation (1.75 Gy,
gamma-radiation 60Co, four procedures each week. Blood samples of the
animals were taken four hours after the last radiation). The illustrations
were borrowed from [114]. 

Besides, latent period of tumor growth prolongs and tumor growth speed

reduces from 1,5 to 2 times (the figure does not show it). As one may see in

the Fig.  25 (on the right),  radiation exposure of  organism is  followed by

manifold growth of intracellular oxidative stress (DCFH-DA test), reduction

of  superoxide  dismutase  activity  and  glutathione  level,  increase  of  MDA

level.  All  the  said  deviations  from  norm  are  effectively  arrested  with

167



hydrogen. This fact gave the authors ground to suppose that the latter has

antioxidant nature of anti-tumor effect.  Evidently, the results of this paper

open the prospect of using hydrogen in order to arrest side effects of radiation

therapy. Antitumor activity of molecular hydrogen was supported in cellular

models of HSC-4 (dermoid cancer of human tongue) and  HT-1080 (human

fibro sarcoma) lines as well [28]. Preparation of culture fluid with hydrogen-

enriched water reduces speed of growth of  HT-1080 culture cells (see Fig.

26) and also causes degeneration of the cells and drop of cell invasion speed

through  model  membrane  on  the  basis  of  Matrigel,  commonly  used  for

assessing metastatic activity of tumor cells (the figure does not show it). In

the experiments of the cell model line HSC-4 hydrogen reduces number of

colonies in monolayer and number of  cells in monolayer for  72 and 66%

correspondingly.  Decrease  of  proliferation  and  invasive  activity  of  tumor

cells of the examined lines, according to the authors’ opinion, is explained

with antioxidant effect that evidently follows rapid fluorescence decrease of

CDCFH-DA – intracellular indicator of hydroxyl radical and hydroperoxide

concentration indicator.

Fig. 26. Inhibition of cell growth of dermoid cancer of human tongue (HT-1080)
and reduction of level of ROSs growing in water containing hydrogen. Density of
monolayer  HT-1080 growing in nutrient medium prepared with regular water (on
the left) and hydrogen-enriched water (on the right). B – fluorescence of intracellular
ROS-sensitive indicator  CDCFH-DA in monolayer of cells of human fibro sarcoma
HT-1080. On the left – monolayer of the cells was in medium prepared with regular
distilled water, on the right – with hydrogen-enriched water. The illustrations were
borrowed from [28].

Inhibition with hydrogen of  tumor angiogenesis,  which is  one of  the

reasons of metastatic spreading, was also noticed in [115]. The authors made

conclusion that use of  hydrogen-enriched water  is  prospective for  aims of

mouth cavity cancer prophylactics. 
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Cardiovascular diseases 

There  are  a  number  of  evidences  that  increase  of  hydrogen  level  in

organism has cardio-protective effect during infarction and atherosclerosis.

Model experiments in rats show that hydrogen inhalation (0.5-2%) reduces

area of myocardial infarction caused by temporary occlusion of descending

branch  of  coronary  artery  [35].  Such  reduction  in  this  model  was  also

observed in case of intraperitoneal administration of hydrogen-enriched NSS

[116].  After  24 hours of  reperfusion systolic and diastolic pressure in left

ventricle  as  well  as  +(dP/dt)max  and  −(dP/dt)max considerably  improved  as

compared to control. They also found reduction of levels of MDA in plasma

and myocardium, apoptosis and (8 –OhdG) in the infarction area. Generation

of peroxynitrit-anion- and hydroxyl- radicals in vivo is key element of such

pathologic  processes  as  stroke,  myocardial  infarction,  chronic  heart

insufficiency [117]. Based upon this and taking into account the mentioned in

the quoted paper decrease of markers of peroxidation processes MDA and (8-

OHdG), one may suppose that cardio-protective properties of hydrogen are

determined with antioxidant properties. One of possible ways of therapeutic

effect of hydrogen-enriched NSS in case of atherosclerosis may be prevention

of proliferation of vascular smooth muscle cells  (VSMC), closely related to

oxidative  stress  [118].  Initially  researches  of  oxidative  stress  role  in

pathogenesis of atherosclerosis were connected only with ROS-attack with

macrophages  of  vessel  wall  and  circulating  lipoproteids  that  ended  with

formation  of  vascular  plaque  [119].  Later  important  role  of  ROSs  in

activation  of  proliferation  of  vascular  smooth  muscle  cells  (VSMC)  with

further vessel stenosis was shown [120], [121]. Considering that .O2 and H2O2

can successfully inactivate due to relevant ferment systems of cell, possible

candidates  for  leading  pathogenetic  role  in  the  process  of  VSMC-

proliferation activation are hydroxyl- and peroxynitrit anion radicals, which

can be inactivated with molecular hydrogen. This hypothesis was proven in

experiments  on  modeling  VSMC-proliferation  in  the  course  of  surgery  –
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stenting coronary arteries [122]. The paper shows that everyday injection of

hydrogen-enriched NSS reduces area of neointima in carotid artery of rats for

36.9,  52,2  and  71.8%  (р <0,01)  when  dose  was  2.5,  5  and  10  ml/kg,

accordingly. They also found dose-dependent decrease of marker of damage

rate of DNA 8-Oxo-2'-deoxyguanosine (8-oxo-dG) and MDA level (see Fig.

27).

Fig. 27. Injections of hydrogen-enriched NSS dose-dependently inhibit 8-oxo-
dG and MDA levels in damaged carotid arteries of rat.

Thus,  hydrogen-enriched NSS can turn out clinically useful for those

patients,  who  underwent  angioplastics  of  coronary  arteries,  stenting  or

coronary artery bypass graft for preventing re-stenosis. For the recent years

they have accumulated large amount of  clinical and laboratory data about

central role of positively charged molecules of low level lipoproteids (-LDL)

of blood in mechanism of generation of atheromatosis  plaques [123]. When

patients  drink  hydrogen-enriched  water  every  day  blood  (LDL)  level

decreases for 15.5% [68]. This observation opens wide field for hydrogen

application in atherosclerosis prophylactics. Another prospective direction of

its  application  in  therapy  of  cardiovascular  diseases  can  be  use  of  its

antiaggregant properties. It is known that thrombogenesis plays key role in

development  of  cardiovascular  complications.  Ischemic diseases  of  human

organs  and systems  (ischemic  heart  disease,  acute  coronary  insufficiency,

myocardial infarction, ischemic brain stroke, extremities gangrenes and other

damages  of  blood  supply  of  organs  and  tissues)  are  mostly  caused  by
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inflammatory and atherosclerotic injuries of vessels with damage of integrity

of intimae, speed drop of blood flow, disbalance of clotting and anticoagulant

system and damage of rheological parameters of blood. It is also known that

aggregation of platelets is followed with ROS release, particularly –hydroxyl-

and  superoxide-anion-radicals  that  stimulate  synthesis  of  arachidonic  acid

[124],  [125].  Accordingly,  antioxidants  have  inhibition  effect  upon

aggregation of platelets [126]. [127] shows ex vivo researches in subjects and

in  vivo  researches  in  rats  for  assessment  of  hydrogen  anti-aggregation

properties. Hydrogen was applied in experiments on rats: as inhalation of gas

mixture  consisting  of  H2-1.3%,  O2-30%,  the  rest  -  N2  (3  hours  long

exposition), or intravenous administration of hydrogen-enriched NSS (H2 -10

mg/L, 5 ml/kg);  in the experiments with subjects’  blood: as NSS (H2 -10

mg/L)  mixed with  platelet  rich plasma 1:10 (PRP).  Exposition  period for

plasma with NSS was 10 min. (see Fig. 28).

Fig.  28. Collagen induced coagulation of subjects’ blood plasma platelets (on
the left – plasma was mixed with hydrogen-enriched NSS – HS and regular NSS –
NS), rats’ blood plasma (in the centre,  H2 gas – inhalation 1.3% H2, 30% O2, the rest
- nitrogen, non H2 gas – 30% O2, the rest - nitrogen), rats’ blood plasma (on the right,
HS – intravenous injection of  hydrogen-enriched NSS,  NS – initial NSS).

The authors established that hydrogen validly reduces collagen induced

aggregation  of  plasma  platelets  for  12,8%,  17,7%  and  31.8%  in  blood

samples  in  the  ex  vivo  experiments  in  the  subjects,  rats  having  received

hydrogen inhalation and rats having received intravenous injections of HRS,

correspondingly. As collagen-induced aggregation of platelets is a model of

thrombi formation process having arisen in case of vessel wall damage, the

authors consider that hydrogen can be applied as de-aggregant. 
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Sanatorium therapy 

It seems unexpected, but sanatorium therapy with hydrogen is the oldest

type of such therapy. So in 1858 medicinal water source in Lourdes (France)

started functioning. Therapeutic establishments using this water are attended

by about 70 thousand people each year. The history of this source is directly

connected  with  the  subject  examined  in  this  review.  Besides,  it  is  rather

interesting and worth discussing. The source was found as a result of a said to

be Virgin Mary’s appearance to a peasant girl, who was later canonized by

the Catholic Church as Saint Bernadette. The source became pilgrimage place

of those, who suffered and badly needed cure, 7000 of which were cured in

an unexplainable from the point of view of modern medicine way, 69 of them

were  declared  “faith  healings”  by the  Catholic  Church.  Only in  1992 the

mystery of the source was revealed. It turned out that the waters of the source

contain molecular hydrogen in high enough concentration. Besides the one in

Lourdes there are at least 4 sources of hydrogen-enriched water – Nordenau

in Germany, Tlacote in Mexico, Nadana in India and Hita in Japan. There is a

publication  dedicated  to  research  of  influence  of  natural  water  containing

hydrogen [128]. In particular they studied the sources  Nordenau (Germany)

and Hita (Japan) as well and regular drinking water enriched with hydrogen

(electrolyzed reduced water ERW) and their influence of activity of tyrosine

phosphatase (PTP) of myoblast cells L6 in rats. It is known that inhibition of

tyrosine phosphatase is followed with increase of insulin receptors’ activity.

In its turn, tyrosine phosphatase is a redox-regulated ferment [129]. Fig. 29

shows that  water  from the natural  sources  that  contains hydrogen inhibits

tyrosine phosphatase of myoblasts, its inhibition activity being similar to that

of regular  hydrogen-enriched water.  Effectiveness of  the specified mineral

waters  and  hydrogen-enriched  water  can  be  compared  to  that  of  classic

inhibitor of the said ferment – vanadate.
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Fig.  29. Influence  of
natural sources Hita
Water  and Nordenau
Water and of regular
hydrogen- enriched
water (ERW) on tyrosine phosphatase activity (PTP) (on the left). In the centre –
glucose level, on the right – glycated hemoglobin in blood of the patients, who were
treated  at  Nordenau  source  within  6  days.  Nomenclature  in  the  figure:  PTPase-
activity  –  tyrosine  phosphatase  activity  in  percents,  blood  sugar  average  value  –
blood sugar value, HbA1c – glycated hemoglobin, total – average values for group of
356 patients with diabetes in the beginning of the 6 days treatment course (MP1) and
in the end of it (MP2), random – ibid. for random selection from the group.

Patients suffering from second type diabetes and having drank water (1

liter  per  day) from Nordenau source (Germany) had glucose and glycated

hemoglobin levels in their blood reduced for 74%. 54% of patients noticed

considerable  improvement  of  their  condition  on  the  background  of

cholesterine,  low  density  lipoproteid  and  creatinine  level  decrease.  The

authors  suppose  that  water  containing  hydrogen  has  multifold  therapeutic

effect, including anti-diabetic effect, on account of binding highly reactive

molecules  of  hydroxyl  radical.  This  suggestion  is  supported  by numerous

researches  in  models  of  diseases  [68],  [76],  and  by clinical  observations

specified in the present review. Of course, it is a pity that such a beautiful

legend about miraculous origin of Lourdes source is doubted, but on the other

hand…  it  is  the  general  way  of  perceiving  nature  –  “from  living

contemplation to abstract thinking, then to practice” [130]. As to the subject

that is discussed – science at present has led us to the third stage of studying

the nature of hydrogen physiological effect – practice. At this stage we expect

wide implementation of methods of hydrogen therapy into medical practice,

inclusive of sanatorium and resort therapy – simply adding purified hydrogen

into water  of  any natural  source one will  give it  the property of  Lourdes

source. This might be consolation for loss of the legend’s charm. This might
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be consolation for loss of the legend’s charm. Finally, this is also a miracle,

although devoid of worshipping any natural forces that is specific for “living

contemplation”.

Hydrogen metabolism

Hydrogen  is  a  by-product  of  oxidation  of  hydrocarbons  in  intestinal

microflora, lactose in particular [131], [132]. Basic producers of hydrogen are

microorganisms  Roseburia  spp.,  Ruminococcus  spp.,  Anaerostipes  caccae,

Clostridium spp., Eubacterium rectale, Bacteroides spp.,Victivallis vadensis,

Akkermansia  muciniphila,  Faecalibacterium  praus  [133],  as  well  as

enterobacteriaceae of  Escherichia genus [134]. Oral  administration of pure

lactose solution causes rapid enforcement of lung excretion of H2 (see  Fig.

30), maximal concentration in exhaled gas is observed in 2 hours. Even 7

hours  after  taking lactose  hydrogen concentration  in  lungs  is  many times

higher than the initial one. They observed that excretion also increases after

drinking milk, depending on containing of lactose in it.

Fig. 30. Excretion of H2 through lungs in subjects after taking 50 g () of lactose
dissolved in 250 ml water, 500 ml milk () and 500 ml of 75% lactose 

hydrolyzed milk (). The chart was borrowed from [135].
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In the morning in fasting state human organism produces averagely 0.24

ml H2 per minute, the data greatly vary from 0.06 to 29 ml/min. After a meal

hydrogen production intensity increases up to 7-30 times,  99% of it  takes

place in large intestine. Basic way of hydrogen excretion is through lungs -

14% of total produced in bowel amount of hydrogen is exhaled [136]. What

happens  with  the  rest  86%  of  Н2 endogenously  produced  in  organism?

Evidently, there are only three ways of its elimination – excretion through

skin covering, with excrements and biotransformation in organism. The first

way has not been studied, but considering gaseous exchange speed through

skin for oxygen and carbon [137], which equals only several percents from

gaseous exchange through skin, this way can not make major contribution

into elimination of Н2. The same conclusion can be made with regard to the

second way, as solubility of hydrogen in liquid and solid substances, except

for special sorbents, is extremely low. As to biotransformation of hydrogen in

organism,  we  know  that  Н2 is  actively  occluded  by  bacteria  of

Helicobacteraceaehepaticus [138] and Helicobacter pylori [139] families, as

well  as  methane-producing  bacteria  Methanobrevibacter  smithii,

Methanosphaera  stadtmanae,  acetogenic  bacteria  Ruminococcus,

Clostridium, Streptococcus and sulfate-reducing bacteria Desulfobacter cpp.,

Desulfovibrib spp. etc. [133]. Balance of production-occlusion of hydrogen

by  GIT  microflora  is  not  studied,  but  the  fact  that  amount  of  produced

hydrogen exceeds that of occluded gas, obviously results from presence of

considerable amount of the gas in intestinal gases. It is known that exogenous

hydrogen, admitted by organism, is actively occluded in it [140]. Using the

method of gas chromatography of venous and arterial blood samples of rats

the authors showed that venous concentration of hydrogen is about a half of

arterial  concentration  in  the  animals  placed  in  artificial  gas  medium

containing H2 in concentration 2 and 4% (see Fig. 31).
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Fig. 31. Н2 concentration in arterial (А) and venous (V) blood of rats, placed in
atmosphere containing 0% (on the left), 2% (in the center) and 4% (on the right)

hydrogen and 30% oxygen.  
The diagram was borrowed from [140]. 

The chart (Fig. 31, on the right) shows that ratio of values of partial

pressure of hydrogen in arterial and venous blood equals 2,5. Similar values

for oxygen and nitrogen equal 2,5 and 1, accordingly [141]. Thus, hydrogen,

unlike inert nitrogen but similarly to oxygen, is actively occluded by tissues

in organism. This unexpected fact of active biotransformation of kinetically

inert molecular hydrogen raises many questions. The most important ones are

about  relative  contribution  of  GIT  microflora  and  organism’s  tissues  into

occlusion of hydrogen, about chemical nature of reactions resulting in it and

about their physiological consequences. The answer to the first question may

be obtained in experiments on inhibiting activity of microbes-acceptors of

hydrogen or similar experiments on artificial dysbiosis of hydrogen producers

(see Fig. 32). Another variant of experiment explaining the role of hydrogen

occlusion by tissues is in measuring hydrogen concentration in arterial and

venous blood from large animal’s of human’s extremity. In this case we can

obtain  real  value  of  adsorption  coefficient  of  molecular  hydrogen  by

organism’s tissues. This answer is extremely significant as it also ultimately

explains  if  there  is  such  notion  of  “hydrogen deficiency”  of  organism of

patients conditionally attributed to category of “healthy”. In other words, is

exogenous  hydrogen  (inhaled  or  dissolved  in  water  and  drunk)

prophylactically  feasible  for  patients,  GIT  of  which  produces  “enough”
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endogenous hydrogen? At the same time, a priori ,  one may suppose that

taking exogenous hydrogen is feasible in case of oxidative stress of different

genesis and lack of endogenous hydrogen production as a result of dysbiosis

or operative treatment of large intestine. In these cases amount of generated

hydrogen will be obviously too little for covering reduction of Н2 molecules

required  for  neutralization  of  such  radicals  as  hydroxyl-  and  peroxynitrit

anion  radical  (see  chapter  “Antioxidant  properties  of  hydrogen”).  Such

conclusion is based upon the whole scope of data about therapeutic effect of

exogenous  hydrogen  [142].  Its  use  seems  feasible  even  in  case  when

production level of hydrogen in GIT is generally normal, as the production is

non-uniform. Data in  Fig. 30 () present the idea of dynamics of hydrogen

level change after meals (in this case – milk). Grounding on the nature of the

graph of hydrogen excretion one can suppose that daily changes of hydrogen

level  in  blood  have  2-3  maximums  depending  on  multiplicity  of  meals,

divided with minimums, one of which that corresponds to sleeping period

must be especially deep. Evidently, anti-radical protection of organism within

the  period  of  such  minimums  will  weaken;  it  implies  necessity  to  use

exogenous hydrogen. Some organs are supplied with endogenous hydrogen

non-homogenously. One may understand it from results of researches of the

gas distribution in mouse’s organs, carried out with help of needle micro-

sensor [77]. The paper shows that organs form a row according to reduction

of intravital H2 concentration: caecum, small intestine, large intestine, liver,

spleen, blood, brain (see Fig. 32). The data presented in the quoted paper are

supported  with  the  fact  that  dysbiosis  caused  by  Sulfamethoxazole  and

Trimethoprim antibiotics active against gramm-negative bacteria, particularly

E.coli,  proportionally  reduces  hydrogen  concentration  in  all  the  examined

organs.
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Fig. 32. Proof of molecular hydrogen production by intestinal microflora.

Antibiotics were dissolved in drinking water (Sulfamethoxazole, 8 mg/ml, and
Trimethoprim, 1.6 mg/ml). Measuring the Н2 concentration in the organs was

measured with microprobe two days after finishing antibiotics course. The diagram
was borrowed from [77].

Out of  all  the examined organs the least  concentration was found in

brain (see Fig.  32).  If  it  is  true that  molecular  hydrogen is component of

critical  importance  for  antioxidant  protection,  then  brain  is  the  most

vulnerable  organ.  Probably,  that  is  why exogenous hydrogen turns  out  so

effective in  the models  of  Alzheimer’s  and Parkinson’s  diseases.  We can

assume that supplementation of endogenous hydrogen, which was used, with

administering additional portions of the gas into organism can be extremely

useful at the stage of therapy and rehabilitation of such diseases as infarction

or  hypoxia  of  brain,  heart  or  other  organs,  as  well  as  at  the  stage  of

prophylactics  of  development  of  these  diseases.  How  can  regular

administration of exogenous hydrogen be organized? Among all the above

mentioned  methods  drinking  hydrogen-enriched  water  is  the  most

comfortable one for prophylactics. Accounting the rule of “eight glasses” of

drinking  water  per  day  we  get  100  ml  of  endogenous  hydrogen  with

“supersaturated  water”.  This  is  about  30%  from  average  total  hydrogen

amount  generated in  organism as  a  result  of  intestinal  microflora  activity

[136]. Production of endogenous hydrogen greatly varies in humans (lower

threshold is only 0.06 ml/min. or 86 ml/day), i.e. these 115 ml that might

178



seem insignificant can turn out crucial means of antioxidant protection for

considerable part of population.

What  is  relative  effectiveness  of  various  methods  of  hydrogen

administration? We have mentioned before that the most popular method is

drinking hydrogen-enriched water. There are two ways of preparation of it –

normobaric and hyperbaric saturation. We assessed relative effectiveness of

these ways according to dynamics of concentration of the gas in exhaled air.

The concentration was measured by means of gas chromatography. It turned

out that quantitative characteristics of hydrogen excretion in this case vary a

lot inside the group of the researched subjects. In connection with this only

one  subject  was  examined  in  the  researches  of  relative  effectiveness  of

hydrogen supply by different ways. The researches were carried out in fasting

state  in  the  morning.  Kinetics  of  hydrogen excretion  after  drinking water

(saturated  in  normobaric  and  hyperbaric  conditions),  drinking  hydrogen

cocktail and rectal insufflations was examined. The latter two methods had

not  been  used  for  administering  hydrogen  into  organism  before.  Typical

dependence of  hydrogen concentration in the exhaled air  after  drinking is

represented in FigFig. 33. Comparing the curves shows that “supersaturated

water” delivers more hydrogen into organism and period of preserving the

increased level of hydrogen in the exhaled air, hence in the organism, is much

longer.  The  graphs  are  built  in  relative  values  so  that  it  is  convenient  to

compare them. Normalization value is maximal hydrogen concentration in

the exhaled air for the case of drinking water saturated in normal atmosphere

pressure. Proportion of exhaled hydrogen amount in case of drinking regular

(saturated in normal atmosphere pressure) and “supersaturated” water is 1 :

1,6.
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Fig. 33. Hydrogen dynamics in exhaled air after drinking 600 ml water -
saturated in atmosphere pressure,  - in pressure 4 bar. C/Cnbmax – proportion of
hydrogen concentration in exhaled air to maximal concentration after drinking

water saturated in normal pressure.

Fig. 34 shows temporary dynamics of hydrogen excretion through lungs

after  drinking “supersaturated water”  in semilog coordinates.  One can see

four phases of change of the concentration in the exhaled air. All of them

correspond to kinetics of the first order and have speed invariables equaling

0.117, 0.036, -0.03 and -0.006 accordingly.  One can assume that  the first

phase  of  hydrogen concentration increase  is  connected with adsorption of

gaseous hydrogen, which released from water, by blood vessels of stomach

wall.  The  second,  slower  phase  corresponds  to  absorption  of  dissolved

hydrogen from partially degassed water. In the beginning of the third phase

water penetrates into duodenum. This phase has speed invariable comparable

to that of the second one and corresponds to the concentration fall in water

medium of duodenum. Finally, the fourth phase is, probably, connected with

hydrogen transportation through walls of small intestine.

Fig. 34.  Temporary dynamics of hydrogen concentration in exhaled air after
drinking 600 ml hydrogen saturated water in pressure 4 bar. LN(A) – range of

hydrogen peak.
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One should have in mind that total amount of hydrogen administered 

into organism with water is not large – about 10 ml and 40 ml with volume 

600 mg at the same time – regular and “supersaturated” water, 

correspondingly. 

Fig. 35. On the left – hydrogen dynamics in exhaled air after drinking hydrogen
cocktail in amount  400 ml (), and rectal insufflations 300 ml hydrogen (). On the

right – dynamics of the same indicator after drinking  600 ml water, saturated in
pressure 4 bar – for comparison.

Much  less  amounts  of  hydrogen  can  be  administered  as  rectal

insufflations and “hydrogen cocktail”.  In  the latter  case  hydrogen amount

administered  simultaneously  exceeds  the  amount  administered  with

“supersaturated” water 10 times. However, hydrogen concentration dynamics

in exhaled air 40 minutes after drinking the cocktail does not differ from that

in  case  of  drinking  the  water.  What  is  the  reason  of  this  discrepancy?

Probably,  it  is  that  the  first  and  the  second  excretion  phases  in  case  of

drinking water (Fig. 34) as well as the phase of rapid concentration changes

(parts a,b,c,d in  Fig. 35 (on the left)) are connected with absorption of the

mentioned gas that got into stomach when hydrogen over-saturated water was

degassed or with cocktail foam. After complete absorption of the gas from

foam excretion kinetics of both variants of consummation coincide. Rectal

administration  is  much  more  prospective.  At  the  same  time  anti-radical

protection with hydrogen lasts at least 5 hours (see Fig. 35, on the right).
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Conclusion 

As one may see above,  molecular hydrogen prevents development of

pathologic processes, which supposedly are the ground of pathogenesis of a

number of  human diseases,  in  organism of  laboratory animals.  Long-term

practice  of  deep  diving  with  use  of  breathing  mixtures  on  the  basis  of

hydrogen showed safety of this gas as of potential pharmacological means

[143]. Hence, one can take into account that hydrogen and mixtures on the

basis of it can be in some time applied by modern pharmacotherapy. There

are several reassurances of this assumption [142], [68], [144], [145], [146].

As stated above, the majority of researchers relate hydrogen’s physiological

activity to its ability to serve as scavenger of hydroxyl and peroxynitrit anion

radicals.  This  tradition  was  established  after  publication  of  the  founding

scientific paper by Oshawa [140], in which such conclusion is persuasively

supported with physical and chemical methods as well as with experiments

on cellular models. The main conclusion made considering all the specified

above information is that endogenous hydrogen is spent for reactions with

substances  having  low  redox-potential,  which  have  insignificant

consequences  for  organism, and for  specific  reactions with  hydroxyl and

peroxynitrit  anion  radicals.  The  latter  type  of  reactions  reduces  loss  of

hydroxyl-radicals from respiratory chain, blocks other sources of generation

of these extremely active compounds and has multifold therapeutic effect.

Usually  when  digestive  system  is  within  norm,  endogenous  hydrogen  is

enough  for  supporting  oxidation-reduction  homeostasis  in  organism.  If

hydrogen  concentration  comes  lower  than  certain  threshold  or  radical

production rapidly grows, hydrogen insufficiency starts. Such consequences

are well illustrated with the experiment on animals, which were in state of

artificial dysbacteriosis caused by excessive dose of antibiotics [147]. As they

expected,  dysbacteriosis  rapidly  (more  than  thrice)  reduced  hydrogen

production  in  intestine  and  its  concentration  in  organs.  Biochemical

indicators  of  liver  functional  state  and  animals’  behavior  changed
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insignificantly. The situation dramatically changed in presence of damaging

factor - in this series of experiments hemagglutination lectin concanavalin A

was  used  for  this  purpose.  Several  hours  after  its  administration  they

observed abrupt worsening of biochemical indicators of liver functioning in

the  group  of  animals  with  artificial  dysbacteriosis.  The  group  of  intact

animals had much less expressed deviations of the said indicators caused with

concanavalin A (see Fig. 17). The reason why liver vulnerability increased is

hydrogen, but not other consequences of dysbacteriosis – it is proved by the

fact that adding hydrogen into water completely arrested liver lesions. This

experiment was extremely useful, in our opinion; it reflected possible role of

endogenous  molecular  hydrogen  in  antiradical  protection  of  organism  in

norm and in case of abrupt enforcement of damaging factors in organism. In

norm, when nutrition is normal and large intestine is enough populated with

hydrogen-synthesizing  bacteria,  endogenous  hydrogen  is  enough  for

satisfying  organism’s  needs  in  inactivation  of  hydroxyl-  and  peroxynitrit

anion radicals. In case of excess of the said radicals due to effect of toxic or

other  pathogenic  factors,  such  amount  might  be  too  little  and  hydrogen

insufficiency  can  arise  and  result  in  oxidative  stress  and  self-stimulating

tissue injuries. Administration of exogenous hydrogen is indicated then. In

some cases it must be urgent – inhalation or rectal administration, which we

offered,  would  be  appropriate  (see  Fig.  35).  Are  there  indications  of

prophylactic use of hydrogen? Yes, we assume, as part of population that can

be considered healthy is comparatively little, and “unhealthiness” of the rest

is in one or another way connected with oxidative stress. Obviously, need in

antiradical  protection  grows  faster  with  time.  Elderly  people  definitely

require  exogenous  hydrogen  boost  because  of  both  -   growing  threat  of

diseases, pathogenesis of which is directly or indirectly related to oxidative

stress  –  Alzheimer’s,  Parkinson’s  diseases,  amyotrophic  lateral  sclerosis,

IHD, atherosclerosis, hypertonicity, and  hydrogen effectiveness in models of

these diseases (see above). It should be certainly made clear that hydrogen

183



administration into organism must be proportional to its use, i.e. moderate

and as uniform as possible. Hydrogen overdose can happen, but we have not

dealt with it in our experiments. For example, its application on hands lead to

yawning of all the subjects, which started 5-10 minutes after the application

and  ended  in  the  same  interval  after  finishing  the  application.  It  seems

strange,  as  hydrogen is  a  component  of  respiratory  mixture  used in  deep

diving. In these conditions in great partial pressure overdose might be fatal,

but it does not take place. Yawning is a characteristic of brain hypoxia and

this gives use the key to understanding the nature of this fact. Probably, the

thing is in selective inhibition of hydroxyl-radical, which is the last part of

four-electron reduction of hydrogen in respiratory chain of mitochondria. In

the event of excess of hydrogen partial inhibition of respiratory chain causes

oxygen  insufficiency  of  brain.  In  theory,  common  decrease  of  energetic

effectiveness of mitochondrial respiration at any partial pressure of hydrogen

can  not  exceed  25  %.  However,  divers’  respiratory  mixture  is  partially

hyperoxidated that prevents overdose of hydrogen. Hypoxia, probably, takes

place in atmospheric pressure. 
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Chapter 4. ADAPTIVE APPROACHES IN THE MECHANISM OF
THERAPEUTIC EFFECTS OF OZONE, XENON AND HYDROGEN

To sum up the all results obtained based on the study of mechanism of
noble gases, ozone and hydrogen. Ozone is generally accepted based on its
theory of antioxidant action. When ozone is applied locally, it activates the
antioxidant  system  cells  of  the  mucous  membranes  or  the  surface  of  the
wound.  Moderate  ozone-induced  oxidative  stress  stimulates  the  protective
mechanisms of cells, transforming their active state that persists even after
the  termination of  ozone.  When administered  systemically  (AHT-O3,  in  /
with  the  introduction  of  ozonized  saline  solution,  rectal  and  vaginal
insufflation),  ozone  plays  its  role  in  activation  of  oxidative  stress
subsequently, which in turn leads to the activation of  in all tissues in the
body leads to formation of lipoprotein mediators in the blood throughout the
body [ 1]. These lipid mediators are considered responsible for some of the
ozone  effects,  which are  developing so  rapidly  that  their  results  manifest
themselves during the procedure, such as detoxifying effect at endotoxicosis
or vasodilatory effect. Generally accepted (and, it should be noted that it is
the only one) hypothesis of hydrogen therapeutic effect after the publication
of Oshawa and co-workers. [2] is considered to be the inactivation of highly
reactive hydrogen radicals,  hydroxyl and peroxynitrite- anion.. In addition,
even for the study of the physiological properties of hydrogen, researchers
deliberately  choose  the  specific  diseases,  the  pathogenesis  of  which  is
determined  by  an  increased  activity  of  these  radicals.  Judging  from  the
extensive  list  of  studies  confirming  the  conclusions  of  Oshawa,  called  a
hypothesis can be considered a theory. Thus, it is believed that hydrogen, as
well as ozone, normalizes LPO- balance. The only difference is the nature of
normalizing action  of  ozone and hydrogen is,  the first  EPA enhances  the
activity and reduces the activity of the second LPO. With respect to xenon
and other noble gases the situation is less clear, but it is known that the said
gas has a dramatic neuroprotective effect on a model of ischemia-reperfusion
in rats [3],  with this effect  is  due to inhibition of  the activity of NMDA-
receptors which are largely responsible for necrotic processes and apoptosis
In turn, the known close relationship LPO levels of ROS and the activity of
the NMDA-receptor [4], [5]. Xenon reduced necrosis dimensions in cases of
ischemia-reperfusion in  a  heart  of  laboratory rats  by  activation  of  protein
kinase C, which holds the phosphorylation of p38-mitogen-activated protein
kinase  (MARK)  [6],  and  thus,  like  molecular  hydrogen  [7],  weakens  the
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impact of the AOS this signaling pathway. Xenon has hepatoprotective effect
that  is  accompanied  by  a  dose-dependent  reduction  in  levels  of  lipid
peroxidation  markers  [8].  It  is  unknown  how  xenon  has  neuroprotective
effect - whether by direct blocking NMDA-receptor and /  or activation of
protein kinase C, or a decrease in lipid peroxidation levels affecting these
proteins. However, the effectiveness of xenon in the study of the antioxidant
effect in conditions like ischemia- reperfusion in brain areas or heart points
attributes directly to its antioxidant properties, even if manifested indirectly
through  modification  of  the  lipoprotein  membranes  or  embedded  in  its
NMDA-receptor. 

Scheme of  antioxidant  action of  ozone,  xenon and hydrogen is  shown in
Fig.1.

Fig.1. Influence of ozone, xenon and hydrogen on the LPO- balance.

Ozone is lowering the left pan, by enhancing the antioxidant activity. The
hydrogen and xenon are pushing up the right pan. Hydrogen inactivates the
hydroxyl and peroxynitrite anion-radicals, xenon blocks the NMDA-receptor,
thereby counteracting the outbreak of ROS production.

196



We conducted a test of the comparative effect of these gases on the peroxide
processes in biological cells in the blood samples of voluntary donors. The
results are shown in Fig. 2. 

Fig.2. Changes in the level of diene conjugates (CD), malondialdehyde (MDA), triene 
conjugates (TC) and the Schiff bases (SB) in erythrocytes in processing blood in vitro
mixed gas: H2 + O2 - (79% H2, 21% O2 ), O2- (100% O2), O3 + AIR - (2% O3, 20, 
6% O2, 77, 4% N2), O2 + O3 - (2% O3, 98% O2), Xe + O2 - (21% O2, 79% Xe). 
Mixture of blood and gases were carried out in 1: 1 ratio (20 ml blood: 20 ml of the 
gas mixture). Fresh donor blood was used. All the results are normalized to the initial
control. The measurements were made 60 minutes after blood processing with gas 
mixtures.

As seen in Figure 2, an hour after the bubbling gas mixtures in the
blood samples shows reduction in the levels of primary lipid peroxidation
products.  The differences between the degree of  reduction for  the various
mixtures  were  not  statistically  significant.  The  level  of  secondary  LPO
products - malondialdehyde, triene conjugates and Schiff bases - also varies,
with the rate of change for the same gas mixture varies depending on the kind
of  measured  lipid  peroxidation  product.  For  example,  the  ratio  of  MDA
(O2) / MDA (O3 + O2) = 5.9, TC (O2) / TC (O3 + O2) = 0.7, and SB (O2) /
SB  (O3  +  O2)  =  10.2.  The  reason  for  this,  in  our  opinion,  is  in  the
incompleteness of the transition of primary lipid peroxidation products in the
final, and in the activation of antioxidant ozone cell system at the time of the
formation of secondary products of peroxidation. For our purposes, what is
important - all the investigated gas mixtures O2 + O3, O2 + H2, O2 + Xe to a
greater  or  lesser  extent,  reduce  the  level  of  secondary  lipid  peroxidation
products,  and  therefore  may  be  considered  in  this  model  as  antioxidants.
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These results indirectly confirm the point, according to which the medical
gases  in  low  concentrations  have  antioxidant  activity.  [9]  However,  if
exhausted or explained all aspects of the therapeutic activity of medical gases
in  general  and  considered  in  this  review,  in  particular  with  antioxidant
properties? The answer to this question is extremely important because the
common understanding of  the  mechanism of  action  of  a  pharmacological
agent dictates the strategy and tactics of treatment practiced by physicians.

 Let us try to sort out this problem on the example of ozone, then xenon and
hydrogen.

 

Ozone normotropic activity. The adaptative hypothesis of ozone therapy

Let us start with the dose. It is easy to calculate that the most common dosage
of ozone during the procedure by intravenous infusion saline solution is from
several to several tens of micrograms per kilogram of body weight, which is
characteristic  only  for  highly  active  substances  such  as  hormones,
psychotropic  drugs,  or  the  like.  Low  dosages  of  these  highly  active
substances are understood and explained by the presence of specific receptors
that repeatedly reinforce their action. This explanation is wrong for ozone,
since there are no specific receptors for ozone. In addition to the unparalleled
breadth of therapeutic spectrum and enormous effectiveness of ozone it has
another unique feature, which is always normalizing (normotropic) effects on
physiological  and  biochemical  parameters  of  the  body  (see  figure  3).
Especially visually normotropic effect of ozone can be seen from the growth
of the relative effectiveness of the ozone effect on the rate of cerebral blood
flow with age (less than the speed of blood flow, the greater the effect of
ozone -fig3, top right).

Thus,  the  systemic  action  of  ozone  on  the  body  has  three  important
properties:

 1) a wide range of pharmacological activity

 2) the highest efficiency of the physiological effect (ED50 ~ 1-10 mkg / kg)

 3)  the  pharmacological  action  of  the  ozone  in  modulating  (normalizing)
character.
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These  features  of  ozone's  systemic  effects,  in  our  view indicates  that  its
action is carried out not directly but through the activation of the mechanism
of homeostasis in the organism. 

                

Figure 3. Examples normotropic effect of ozone therapy. At the top left- normalizing
effect on the activity of kalikrein-kinin system, top right - normalizing effect on the
rate of cerebral blood flow, depending on the age of the patient, at the bottom of the

left - normalized level of diene conjugates in pregnant women with threatened
miscarriage, lower right - normalization of estradiol levels in pregnant women

moderate-preeclampsia in the second trimester.

The assumption of the possible involvement of the endocrine system in
the  implementation  of  the  physiological  effects  of  ozone  expressed
previously.  The  grounds  were  the  data  on  the  restoration  of  hormonal
imbalance in pregnant women treated with ozonated saline courses / in [10],
and a  dramatic improvement in overall  health and mood in some patients
after  a course of  AHT-O3 [11].  Figure 4 shows a  typical  example of  the
dynamics of aldosterone, cortisol and thyroid-stimulating hormone during the
course of the four procedures AHT-O3 with dose of 2 mg. As can be seen
from the figure, in the course of ozone therapy occur dramatic and opposite
changes glucocorticoid levels (cortisol) and mineralcorticoids (aldosterone),
as well as reducing the production of thyroid stimulating hormone. Current
balance of oxidant and antioxidant activity of the system, which we assess the
level of malondialdehyde, normal well before the end of the course (see. The
blue  dashed  line  in  Figure  4  the  bottom  right  graph).  The  traditional
explanation of the therapeutic effect of ozone therapy course is to reduce the
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intensity of peroxidation due to the activation of the antioxidant system of the
body. As can be seen from the dynamics of MDA, this explanation is not
always true. In general, decreased MDA level occurs, if the level is initially
increased, and increase, for example, in Figure 4, occurs at reduced initial
values. In other words, the dynamics of MDA during the course of ozone
therapy is not unique, but simply subject to the general rule of normalization
of the measured parameters of the organism. In the example described at the
end of treatment course aldosterone and cortisol levels established norm in
the upper half, and thyroid-stimulating hormone levels in the lower half of
the normal.

                    

Figure 4. An example of the dynamics of change of Aldosterone (top left), thyroid
stimulating hormone (top right), cortisol (bottom left). Bottom right - a comparison

of cortisol dynamics, MDA and the intensity of the reaction on blood monocytes.
Arrows indicate the dates of major autohemotherapy procedures (200 ml of blood,

200 ml of ozone-oxygen mixture with the ozone concentration of 20 mg / l). The bold
lines show the normal ranges for the appropriate hormones.

Our experience shows that restoring the hormonal balance of the body
of the patient is a necessary and sufficient condition for a success completion
of  a  course  ozone  treatment.  As  is  known,  the  endocrine  system  is  an
important  part  of  the  body's  adaptive  system  that  provides  a  means  of
hormones along with the nervous system of a constant internal environment.
The abovementioned normotropical effects of ozone therapy served as a basis
for  the  formulation  of  the  hypothesis,  Adaptation  of  ozone  therapy  [12].
According  to  this  hypothesis,  the  systemic  effect  of  ozone  is  realized
neurohumoraly  by  taking  advantage  of  the  hypothalamic-pituitary-adrenal
axis "system", which is the center of the integration of the vegetative nervous
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system and endocrine system - the basic executive units implementing CNS
effect  on  the  internal  environment  and  reverse  the  impact  of  indoor
environment on CNS.

The adaptative hypothesis of xenon therapy

Studies based on the physiological activity shows mechanism of xenon
and other inert gases maybe because of possible effects on the homeostasis of
the system was laid in [13]. The study was conducted on a group of healthy
volunteers aged 18 to 40 years. Blood was sampled for analysis at 60 minutes
after the end of inhalation of xenon-oxygen mixture (50:50) for a short period
(a few minutes).

                        Figure 5. The graph is based on data presented in [13].

The authors  examined  the  short-term dynamics  of  change  in  the  level  of
thyroid-stimulating pituitary somatotropic hormone and cortisol and thyroid
hormones. Based on the obtained data, it is suggested that xenon’s adaptive
system  initiates  restructuring  to  resistance  state  to  the  state  of  tolerance.
According  to  the  authors,  it  is  also  said  reducing  the  average  body
temperature of the subject who received a prolonged course of xenon inhaled,
and the transition of the tested patients from the activation state to exercise
classification [14]. As can be seen from the diagram (Fig.5),  the levels of
growth hormone, cortisol,  and TSH (hence likely ACTH) reduced already
after 60 minutes after the inhalation of xenon by more than 30%. The reason
for the described hormonal changes may be: 
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a)  The  direct  impact  of  xenon  atoms  on  the  molecular  mechanisms  of
hormone synthesis in the pituitary gland and statins in the hypothalamus (e.g.,
molecular transport pro-hormones may be difficult modification xenon tanks
lipid membranes of the endoplasmic reticulum or ribosomes)

 b) The effect on the statin receptors or hypothalamus in the pituitary gland or
ACTH receptors in the adrenal cortex [15]. 

         It is unclear which of these possibilities is realized in practice, but in
any case, it is proven that the effect of xenon on the level of the pituitary
hormones opens the way for a rational explanation of its broad therapeutic
spectrum. In fact, the hypothalamic-pituitary complex is a key element of the
endocrine  system  and  "central  computing"  system  nonspecific  adaptive
reactions  (NARO).  The  unique  position  of  the  hypothalamic-pituitary
complex  together  with  non-specific  adaptive  body  reactions  system  is
determined by the fact that it holds "the integration of the vegetative part of
the  nervous system and the endocrine system -  the  main execution units,
implementing  the  central  nervous  system  influence  on  the  internal  body
environment" and that "... in the hypothalamus nervous and humoral path of
automatic regulation of homeostasis  are combined "[16]. In the arsenal  of
tools  available  for  non-specific  adaptive  body  reactions  system  there  are
means to induce any of the abovementioned xenon effects:

vasodilatory effect: pituitary hormones - adrenocorticotropic, thyroid, 

STH, aldosterone; hypothalamic hormones - vasopressin, antidiuretic 

hormone.                                                                                         

immune modulatory effect: pituitary hormones - thyrotropin, growth 

hormone, arginine vasopressin and oxytocin.  

anti-inflammatory: corticosteroids                                                         

anti-hypoxic: arginine vasopressin                                                       

detoxifying and antioxidant: thyroid hormones, corticosteroids           

psycho-emotional lift: endorphins.

Thus, any factor of external and internal environment that activates the
hypothalamic-pituitary  complex,  through  the  feedback  system  will
automatically induce the homeostatic (normotropic) hormonal effect, which
will be manifested as one or more effects of the listed above. The deductive
approach to this phenomenon led us to the hypothesis that a wide range of
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pharmacological activity of xenon, some other inert gases and ozone at low
concentrations (See. Fig. 1, chapter 1) is determined by the reaction of the
non-specific adaptative system to the novelty factor. Such is the appearance
in the blood of the ozonolysis products in the case of systemic administration
of  ozone  and  changes  in  hormonal  status  of  the  body,  caused  by  the
inhalation of xenon. Within this hypothesis for the understanding of xenon
and ozone physiological  activity  mechanism,  it  is  not  necessary  to  design
various  and  sometimes-contradictory  schemes  of  biochemical  reactions
caused by ozone, as well as to attract non-fully studied biophysical model in
order to explain the delayed effects of inert gases [17]. Because of the special
values  that  may  have  this  assumption,  and  that  adaptive  approach  to  the
explanation  of  the  physiological  phenomena is  outside  the  mainstream of
modern pharmacology, try to understand the basic provisions of the theory of
non-specific adaptive body reactions system.

The theory of NARO (The abstract theory of non-specific adaptive body
reactions system)

The basis of the theory of non-specific adaptation reactions of the organism
(NARO) was founded in Rostov team of  scientists  led by     prof.  L.H.
Garkavi in 70 years of the last century, which was registered in the USSR as
the Breakthrough of 158 N in 1975. With the basics of the theory of operation
NARO available for a brief review [18], [19, and the original papers [20, 21,
22, 23]. The essence of the theory is that under the pressure of factors internal
and external environment developing a periodic sequence of four stereotypes
of  mental  and  somatic  reactions:  training,  calm  and  increased  activation
(sometimes  reactivation)  and  stress  (Figure  6.).  Stress  in  theory  is  an
alteration  to  nonspecific  reactions  of  the  organism,  in  contrast  to  Selye
theory,  alteration  seen  as  adapting  the  system.  After  completion  of  the
restructuring  is set a new state of training, activation, etc. Each of these types
of adaptive responses has unique clinical and biochemical characteristics that
allow them to confidently distinguish. Consider these signs.
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Fig. 6. Scheme of NARO reaction to changing factors of external and internal
environment

Adaptation reaction TRAINING is characterized by apathy, lethargy,
drowsiness, mild appetite. Products of glucocorticoids norm in the upper half.
Thyroid  hormones, mineralcorticoids, sex hormones and pituitary hormone
in the lower half of the normal.  

Reaction of CALM ACTIVATION: it is characterized by optimism,
good humor, good productivity, good sleep and appetite. Glucocorticoids in
the lower half of the norm. Mineralcorticoids, thyroid hormones, too, in the
lower half of the norm. 

Reaction of INCREASED ACTIVATION: characterized by increased
optimism, emotional lift, high labor efficiency (especially judging to speed),
an excellent sleep and appetite. Glucocorticoids are in the upper half of the
norm. Thyroid hormones, mineralcortikoids are at the upper area of the norm
zone.  A  further  increase  of  adaptive  reactions  tension,  especially  in
adulthood,  leads  to  the  implementation  of  over  activation  reaction.  The
biological significance of over activation lies in an attempt to keep activation
in response to an overpressure of environmental factors without falling into
stress. This reaction is characterized by aggressiveness, irritability, and sleep
disturbance.  Glucocorticoids  are  above  the  norm.  Mineralcorticoids  and
thyroid  hormones  are  at  the  upper  boundary  of  the  norm  or  above  this
boundary.

 STRESS REACTION develops, if the above condition is insufficient
to  maintain  the  adaptive  response  at  the  current  level  of  reactivity.  The
essence of the reaction is hormonal rearrangement reaction to establish a new
training with reduced reactivity.  This  state  is  characterized by depression,
pessimism,  less  aggression,  reduced capacity  for  work,  sleep  and appetite
violated. Thyroid hormones, mineralcorticoids, sex hormones is much lower
than normal. 

The  authors  proposed  a  theory  of  NARO  determine  the  type  of
adaptive response by the percentage of lymphocytes in the peripheral blood.
Often  the  question  arises:  why  lymphocytes?  This  choice  was  based  on
empirical observations of the relationship psychosomatic condition (health,
fatigue, level of optimism, mood, sleep quality, anxiety, irritability, loss of
appetite) patients and the percentage of lymphocytes in the peripheral blood.
On the basis  of  the vast  array of  clinical  observations authors  found that
under stress lymphocytes level does not rise above 20%, training state ranges
from 20-27%, 28-33% relaxed activation, enhanced activation of  34- 40%
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and  40%  by  reactivation  and  higher.  Given  that  the  type  of  adaptation
reaction  primarily  depends  on  the  body's  hormonal  status,  selection  of
lymphocytes levels as an indicator of hormonal state contemporaries many
authors seem unexpected. However, after more than half a century since the
promulgation of  the theory of  NARO has  accumulated  a  huge amount  of
experimental  data  on  close  co-operation  of  endocrine,  immune  cells  and
neurons,  which  made  a  choice  to  to  select  level  of  lymphocytes  as  a
parameter to  state of neuro-endocrine-immune system is quite natural and
logical [24] , [25], [26]. The relative submission of the existence of neuro-
endocrine-immune  interdependence  based  on  the  ability  of  immune  cells
receptors and neuro-endocrine mediators and synthesize such mediators, on
the  one  hand,  and  on  the  sensitivity  of  neurons  and  endocrine  cells  to
cytokines, on the other. For example, corticosteroids inhibit the migration of
B-lymphocytes from bone marrow and peripheral lymphoid organs removed
from  the  circulation  of  T  lymphocytes,  thereby  reducing  the  overall
percentage  of  lymphocytes  in  the  blood.  With  this,  primarily  associated
lymphopenia stress state (level of lymphocytes <20%). Corticosteroids also
reduce the percentage of eosinophils, increasing their apoptosis [27]. In turn,
the  cytokines  synthesized  by  lymphocytes,  immunoregulatory  properties
except neurotropic properties are expressed. Thus, the administration of IL-1
induces sleep in laboratory animals,  and the secretion of gonade corticoid
hormones [28].  gonadotropical hormones and [28]. Subcutaneous injection
of IL-6 increases sharply volunteers ACTH, cortisol and then blood [29]. The
full  picture  of  the  biochemical  interactions  of  the  nervous,  endocrine  and
humoral  system  is  far  from  clear,  but  the  theoretical  [30]  and,  most
importantly,  practical  implications  [16]  to  investigate  the  effect  of
pharmacological agents on the adaptive system using instructional techniques
NARO  can  be  considered  sufficient.  For  ease  of  analysis  results,  we
developed a program of quantitative assessment of the state of adaptation of
the  system  based  on  the  idea  of  the  age  cyclical  change  in  the  type  of
adaptive  reactions,  expressed  in  [16].  In  accordance  with  the  theoretical
concepts of the theory of NARO, while increasing the intensity of external or
internal environment of the body pressures are gradually developing response
such as  training,  calm and increased activation,  stress,  training,  calm and
increased activation, etc., that is, there is a periodicity of implementing the
same type of tetrad adaptive reactions. Any current adaptive reaction of the
organism develops in the adaptive response to the background of the main
source  caused by tension -  a  factor  of  aging.  NARO theory distinguishes
between four levels of tension adaptive reactions to the factor of age - a very
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low, low, medium and high. Accordingly, different adaptive conditions, and
activation of stress is very low, low, medium and high intensity. Thus, instead
of fuzzy concepts of distress and eustress H. Selye, the theory distinguishes
four  NARO quartet  states  that,  together  with  two  additional  intermediate
states  over-activation  gives  18  clearly  distinguishable  adaptive  reactions,
which  have  been  developing  over  the  life  cycle.  Such  an  abundance  of
distinct  states  quantified  adaptive  systems  of  the  body  opens  up  the
possibility to calculate the age of adaptation of the organism, and that we
have  implemented  a  special  program  O3Navigator  available  at
www.ozoneprotocols.org.

Technology  determining  the  adaptative  age  of  the  program  O3
Navigator.

The program consists of two modules - "Leucotest" and "Psychotest".
As  an  input  subroutine,  "Leucotest"  uses  leucoformula  obtained  through
blood analysis.  As mentioned above,  the blood leucoformula is  used as a
surrogate indicator of hormonal balance (hormonal mirror).  Of course,  the
deviation of the concentration of various subpopulations of leukocytes from
the norm is determined not only by the hormonal balance of the body, but
after  many years  of  experience,  it  shows that  the  use  of  leucoformula  to
assess the intensity and type of adaptive response is acceptable for practical
purposes [16]. Fig. 7 is a diagram illustrating a method for determining the
age of the adaptation based on data on the percentage of the five major types
of white blood cells to the total number of leukocytes in the blood. For ease
of  presentation  of  data  0-80 year’s  life  cycle  is  divided into  five  periods
("stages") for 16 years (Fig. 7). According to the periodic table of NARO,
each period is divided into four stages, corresponding to the state of stress,
training, good activation and increased activation. We have selected four-year
duration of each stage adaptation. Each period begins with a state of stress
and increased activation ends. To determine the type of activation, there is a
simple rule: if the percentage of lymphocytes in the range 0-19% - this is
stress, if 20-27% - this training, if 28-33% - this activation quiet if 34-40% -
increased activation. There is also a state of reactivation (the percentage of
lymphocytes> 40 percentage). Over activation is indicated by a thick line at
the end of each period, between the end of the stage increased the activation
of the current period and the beginning of the next stage of the stress period.
Theoretically  over  activation  condition  may  develop  at  the  end  of  each
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period, as shown in Fig. 7, but in practice only the over activation condition
occurs when the average, low and very low reactivity (at the turn 48, 64 and
80,  respectively).  The  graph  shows  that  knowing  the  percentage  of
lymphocytes - we can clearly identify the type of adaptive response.

Figure 7. The scheme of calculating the adaptive age according 
leucoformula of blood.

Legend:  Type of  adaptation:  Stress  -  Stress;  Train  -  Train;  QAct  -  Calm
activation; HAct - Increased activation. Adaptation period: Harm - Harmonic
state;  High  -  High  reactivity  (low  tension);  Middl  -  average  reactivity
(average tension); Low - Low reactivity (high tension); V.LOW - Very low
reactivity (Very strong tension). Explanations are given in the text.

In addition to the type of adaptive response to determine the exact age
of the adaptation of the patient is necessary to know the number of periods
(floor  -  in  the  terminology  used  in  [16])  adaptations  tension.  It  uses  the
concept  of  total  tension  adaptive  response,  which  is  calculated  by  the
deviation  in  percentages  of  basophils,  eosinophils,  monocytes  and  non-
segmented  neutrophils  from  the  average  value  of  the  relevant  provision
(diagram in Fig. 7, right). Module "Leucotest" automatically calculates the
type of adaptation and adaptation age after manually entering blood count
data  into the  computer.  For  example,  in  Fig.  7  shows that  the  settlement
adaptive patient age is 42 years.

"Psychotest"  module.  O3Navigator  the  program  also  has  a  module
evaluation of psychosomatic condition of the patient based on the patient's
way of recognition. The image of the patient is a numeric array, formed based
on a questionnaire of 10 questions:
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- Activity

- Optimism

- Appetite

- Activity time

- Activity speed

- The quality of sleep

- Irritability

- Depression

- Anxiety

- Fatigue

The  patient  is  asked  to  select  from  seven  standard  responses  to  each
question.  For  example,  when  asked  about  the  current  level  of  activity  to
choose from one of seven responses: 1- absolutely do not want to do, but
would have left me alone; 2 - for the cause I do not want to take, but the fun
is not against; 3- I can work, but does not desire, only when necessary; 4- no
particular desire, but i can work; 5- perhaps, there is a desire to do something;
6- want to work; 7- I have a thirst  for activity. After filling in interactive
patient  questionnaire  on  the  computer  screen,  "Psychotest"  module
automatically  detects  the  patient's  adaptation  portrait  and  expects  its
adaptation age. Testing modules "Leucotest" and "Psychotest" O3Navigator
program found that for relatively healthy patients aged from 16 to 65 years
and the deviation of the adaptation of the real age of the patient is not more
than 4.5 years in 87% of cases and more than 4.5 years 13% cases.

The impact of xenon on the adaptive system

Anti-stress effect of inhaled xenon is one of the most obvious effects of
the  gas.  There  are  studies  in  which  the  authors  used  the  methodological
techniques of NARO theory to measure the impact on the xenon adaptive
system.  For  example,  in  [31],  [32]  investigated  the  effect  of  comparative
xenon  anesthesia  and  nitrous  oxide  anesthesia  during  surgery  for  breast
cancer treatment.
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Table 1. Adaptation response of patients with breast cancer before and
after surgery under anesthesia with nitrous oxide and xenon.

     

 

Table 1 shows the percentage of patients who were in a position to
exercise,  calm  and  increased  activation,  reactivation  and  stress  prior  to
surgery,  on the first  day and on the seventh day after  surgery.  Adaptable
reactions  considered  as  favorable  (training  and  activation  (calm  and
increased)) and unfavorable (stress reaction and reactivation). It is shown that
in  the  case  of  xenon  anesthesia  on  the  first  day  after  surgery  favorable
reaction was 82.2% vs. 85.7% before surgery. When nitrous oxide anesthesia
is given number of favorable reactions on the first day after surgery decreased
from 80.6% to 48.5%, while the number of adverse reactions, respectively,
increased from 19.4% to 51.5%. The use of xenon anesthesia is accompanied
by  a  significantly  lower  voltage  regulation  system  in  the  first  day  after
surgery. This contributes to saving resources and protecting the development
of  adaptation  strategies,  therefore  xenon  anesthesia  may  be  selected  for
patients  with  breast  cancer,  which  in  the  first  phase  of  the  combined
treatment is conducted neoadjuvant chemotherapy. The table shows that the
adaptive advantages of xenon anesthesia, celebrated on the first day after the
operation,  leveled on the seventh day.  In [33]  the analysis  of  the use of
xenon inhalation to prevent birth stress. A group of women (10 patients - 10
control  and study group)  for  the prevention  of  stress  received a  4-minute
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inhalation of xenon-oxygen mixture  (50:50).  It is noted that in the test group
showed smaller number of stress adaptation reactions to the birth - 5, after
childbirth - 8, in the other women in this group had normal adaptive response
both before and after birth. At the same time, the control group experienced
stress:  before  delivery  -  4  after  birth  in  all  women  had  stress  adaptive
response. The percentage of lymphocytes 14,5 ± 5,09 in patients, treated with
xenon inhalation, and in the control group - 11,6 ± 3,2.

A feature of the above studies on the effect of xenon adaptive system is a
single administration of xenon during anesthesia. It was noted earlier that the
positive  dynamics  on  the  improvement  of  patients  begins  with  the  third
treatment with a daily in administration of xenon inhalation [34]. Based on
this,  we  carried  out  a  comprehensive  study  of  the  reaction  of  adaptive
systems for course assignment xenon procedures.

2. Protocol of course and dynamics of the adaptive response of the
patient GL. during the course of inhaled xenon

 

Used for inhalations xenon-oxygen-nitrogen mixture with a concentration of
15% xenon and oxygen concentration of at least 25%. Duration of treatment
20 minutes. Inhalation pesaline solutionormed by a closed loop circuit with
the device Bozon-N-Noble. Fig. 8 and Table 2 shows typical results of the
dynamics of change in the adaptive response of the patient during inhalation
rate of 6 treatments.

 The initial state of the patient's adaptation of the system - stress low
reactivity, the corresponding 48-52 years (Leucotest)  training or activation
quiet very low reactivity, the corresponding 70-74 years (Psychotest).  The
treatment consisted of six treatments.
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Fig. 8. Patient gl. Biological age - 38 years. The diagnosis - chronic fatigue. Left - the
dynamics of change in deviation percent monocytes, band neutrophils, basophils, and

eosinophils from the average value of the corresponding standards, as well as the
level of cortisol and thyroxine. Right - speaker adaptation age calculated subroutine

"Leucotest» (BLOOD) and routine "Psychotest» (PSY) O3Navigator program. 
At the bottom of the graphs shown analyzes choice. Protocol therapy course xenon

cm. In Table. 2. here in after used screenshots of the work inspector course
O3Navigator program.

  As  seen  from  Fig.  8  leucoformula  blood  levels  of  cortisol  and
thyroxine during the two weeks prior to the course (29.01-11.02) are stable.
After the first xenon inhalation leucoformula blood and cortisol levels began
to change rapidly, and by the end of the course procedures to normal levels of
monocytes,  basophils  and  eosinophils,  and  cortisol  levels  returned  to  the
upper limit of  normal. A week after the completion of  procedures for the
adaptation status of the patient was established at the level of the average
level of activation quiet intensity that corresponds to the adaptation age of 42
years, with a decrease in adaptive on psychotest age was about 30 years, and
on Leucotest about 8 years. Another example of the effect of inhaled xenon
course of procedures shown in Fig. 9 and Table 3. As can be seen from the
table  that  the  original  condition  of  the  patient  adaptive  -  training  low
reactivity - 52 years (Leucotest) Activation and calm very low reactivity - 74
years (Psychotest). Four xenon therapy procedures translate adaptive system
of the patient in a heightened state of activation - 62 years (Leucotest) and
exercise a high level of reactivity - 26 years (Psychotest).  As can be seen
from a comparison of the initial and final assessment of the adaptation of age,
the  rate  of  procedures  patient  got  result  in  Leucostest  as  10  years  and
"rejuvenated" by psychotest as 48 years. We deliberately choose these two
examples to highlight the most important features of xenon adaptive effect on
the status:
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1) Xenon always shifts to the right type of adaptive response in a number of
"stress  -  training  -  calm  activation  -  increased  activation"  according
leucoformula.  If  the  patient  is  in  a  state  of  increased  activation  or
reactivation,  the  change in  the type of  adaptive  reaction usually  does  not
occur

2)  Xenon  little  effect  on  the  intensity  of  adaptive  response  according
leucoformula

3) Xenon can dramatically reduce the tension adaptive response according to
testing psychosomatic condition (Psychotest).

Table 3. Minute’s course and dynamics of the patient's TV adaptation of
the reaction during the course of inhaled xenon

 

            

Fig. 9. The patient TV. Biological age - 56 years. Left - the dynamics of change in
deviation percent monocytes, band neutrophils, basophils, and eosinophils from the

average value of the corresponding standards. Right – patient’s adaptation age
calculated subroutine "Leucotest" - BLOOD's and subroutine "Psychotest"

O3Navigator program. At the bottom of the graphs shown analyzes choice. Protocol
therapy course xenon cm. In Table. 3.
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 The reasons for these features of the influence of xenon, in our opinion,
lie in the direct or indirect effect of ACTH by the xenon in the cortex of the
adrenal glands, leading to a decrease in cortisol levels. The consequence of
reducing the level of cortisol is to increase the percentage of lymphocytes that
within NARO is treated as an offset to the right type of adaptive response in a
number of stress-activation training. At the same time, no xenon therapy level
can cause normalization other types of leukocytes, and consequently, lower
blood intensity adaptation reactions in treatment NARO theory. At the same
time the xenon effect on the autonomic nervous and endocrine systems is so
large, which causes a significant improvement in the characteristics of the
patient psychosomatic system as disclosed by Pshycotest. For example, we
give the data to the psychosomatic patient testing (training very low reactivity
-74  years)  (Fig.  10)  and  after  the  inhalation  of  xenon  (average  level  of
activation quiet reactivity - 42 years) (Figure 11).

Fig. 10. Psychosomatic TG patient profile. Before the course of xenon therapy.

A comparison of these profiles of psychosomatic patients before (Fig.
10) and after (Fig. 11) the course of therapy with xenon shows a beneficial
effect of xenon on the "operational" body functioning indicators. At the same
time, the failure to reduce the intensity xenon adaptive reactions of the blood
indicates the transient nature of its therapeutic action.
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Fig. 11. Psychosomatic TG patient profile. After the course of xenon therapy.

In fact, our experience shows that the clinical effects of xenon fade
within 3-4 weeks after completion of the course. This lack of xenon therapy
is a continuation of xenon advantages, consisting in its chemical inertness.
Figuratively speaking, because of their chemical inertness, xenon leaves no
trace of its stay, which means that its therapeutic effect disappears without a
trace now when the last xenon atom leave the body.

 Ozone-xenon therapy

With the help of above-described assessment tools tension adaptive reactions
and adaptation of age, back to the ozone topic. Fig. 12 shows the dynamics of
leucoformula (left) and adaptation of age (right) GM of the patient during the
course autohemotherapy with ozone. Patient GM received periodic courses of
ozone therapy for 2 years. Dynamics of indicators of its adaptation of the
system chosen by us as an example to illustrate the main features of ozone
effects during the course and in the interval between courses.  Up protocol
adaptation of the system parameters shown in Table 4, and covers a span of 6
months (17.05-08.11.2011).
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Table 4. Minutes of the course of ozone therapy. Patient GM.

 

  Fig. 12. Patient GM. Biological  age - 56 years. Left - the dynamics of change in
deviation percent monocytes, band neutrophils, basophils, and eosinophils from the
average value of the corresponding standards,  as well  as the level  of cortisol  and
thyroxine.  Right  -  speaker  adaptation  age  calculated  subroutine  "Leucotest"  -
BLOOD's and subroutine "Psychotest" O3Navigator program. At the bottom of the
graphs shown analyzes choice. Course Minutes cm. in Table 4.

Fig. 12 reflects the dynamics within the first three weeks after starting
of the course of the four AHT-O3 procedures, which lasted from 17.05 to
23.05.  Control  leucoformula  conducted  a  week  after  the  last  treatment,
showed the removal of tension adaptive reactions on blood monocytes and
the  sharp  decline  in  the  adaptation  of  age  on  Leucotest  and  psychos.
Lowering the age for Leucotest was about 20 years and about 30 years of
psychos. Reduction of age in relation to the biological age was 28 years. Such
a difference in the biological age is typical for patients receiving periodic
courses of ozone therapy.
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Fig. 13. Dynamics of adaptation by age leucotest (red line) and psychos (blue line)
during the course of ozone therapy in the next 6 months.

As seen from Fig. 14, decreased adaptation of age after the course of
ozone therapy is persistent and lasts 4.5 months. Ozone therapy and a period
Schematic course after it is shown in Fig. 14.

                   

Fig. 14. The change of pattern in adaptation age during the course of ozone therapy
period and for the six-month period after the course. The numbers 1 to 4 are

designated the main stages of the adaptive changes of age, emerging during the
course of ozone therapy. 1- proper course of ozone therapy. Duration of the course -
1-2 weeks. 2 periods of adaptation rejuvenation duration of 4.5 months, 3 period of

spontaneous recovery of the original ages of 2-3 weeks, 4 - the period of deterioration
of the patient's health («ozone withdrawal syndrome").

The course of ozone therapy procedures (Fig. 14, Step 1) a decrease in
ending  the  adaptation  of  age  and  the  establishment  of  a  stable  period of
reducing tension adaptive reactions, subjectively perceived by the patient as
the rejuvenation (Fig. 14, step 2). Next, there is a spontaneous increase in
tension adaptive reactions, and the return value of the adaptation of age to
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chronological age (Stage 3), which is perceived by the patient as the disease.
During this period, exacerbated by chronic illness, reduced working capacity,
optimism gives way to depression, mental balance - irritability. This period of
2-3 weeks. If at this time the patient does not receive a new course of ozone
therapy, the tension adaptive reactions will increase and worsen the patient's
condition (step 4). We call this period the "withdrawal syndrome ozone." The
period  of  2-4  months,  after  which  the  patient's  age  adaptation  returns  to
biological age. The above-described features of the effect of ozone therapy on
the course of change and adaptation leucoformula age calculated based on
leucoformula, reflect the essence of adaptive hypotheses ozone therapy [34].
The basic postulates of hypotheses are that:

1)  Ozone  therapy  is  a  targeted  system  of  nonspecific  adaptive  reactions
(NARO);

2)  Long-term  therapeutic  effect  of  systemic  ozone  therapy  occurs  only
because of reducing tensions NARO;

3) A means of reducing tension NARO is the correct sequence of the blood
processing procedures Ozone ("the right course of ozone therapy");

4) The Right course is called when the course of ozone therapy procedures,
repeated at regular intervals until the completion of the restructuring of the
system  of  adaptation.  A  sign  of  the  completion  of  the  restructuring  of
adaptive  system  is  the  sharp  decrease  in  the  intensity  of  blood  adaptive
reactions by the registrant leucoformula.

Perhaps the best argument in favor of the adaptation hypothesis is expressed
depending  on  the  treatment  results  from  the  consummation  of  the
restructuring process of adaptation of the system. Fig. 15 shows one of the
typical examples of the wrong organization of ozone therapy course.
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Fig. 15. Dynamics of adaptation by age Leucotest (blood), psychos (psy) and CL
patient's blood pressure. During the course Autohemotherapy with ozone. The

arrows indicate the date of the procedure.

The figure shows that because of the first autohemotherapy with ozone
procedure,  there  was a  dramatic  improvement  in  patient  well-being and a
significant reduction in systolic blood pressure, which was the main reason
for seeking medical care of the patient. According to the result of the four
procedures of ozone therapy, the patient's  state of health has improved so
much  that  at  the  request  of  the  patient's  treatment  was  discontinued.
However, as can be seen from the graph, a week later the patient's condition
deteriorated sharply (an abrupt increase in the age for adaptation Leucotest
and  psychos  and  blood  pressure  return  to  the  original  value  17.08).  The
patient  was  able  to  normalize  the  two additional  procedures  AHT-O3 on
17.08. and 20.08.

The reasons for this dynamic course of ozone therapy are discussed in
detail in Fig. 16.

As can be seen from the figure, the first procedure of ozone therapy
01.08. It caused a sharp reduction in monocyte and band neutrophils in the
blood,  with monocyte levels  below the normal  range established.  Starting
from the third procedure, there has been a tendency to return to the level of
monocytes rate (procedure 06.08. and 08.08.).
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Fig. 16. Dynamics of strength KL patient leykoformula during the course AHT-O3.
Arrows indicate AHT-O3 procedure. Below is a schematic image of a pendulum

illustrates the current imbalance of tension leucoformula. The numbers next to the
image of a pendulum show room stage change the patient's health. Explanations are

given in the text.

Termination procedures resulted in the period from 08.08. to 17.08. to
abrupt  changes  in  the  level  of  monocytes  with ever-increasing  amplitude,
which ended at the end of this period, the monocytes returned to its original
value.

At the bottom of the picture, we have tried to explain the essence of the
processes with the help of a mechanical metaphor based on the model of the
pendulum. In this model - deviation of the pendulum from the vertical are the
state of the disease, and the vertical position of the pendulum - the essence of
health. Position 1 of the pendulum is a metaphorical reflection of the state of
the disease  and the parameters  of  the adaptive system deviation from the
equilibrium position. Since the dynamics of monocyte levels is dominant for
the patient, then relate the position of the pendulum to their level. In position
2, the pendulum is taken out of the disease state (position 1-2), the beginning
of  ozone  therapy  procedures.  Between  01.08.  and  03.08.  The  pendulum
passes  a  state  of  equilibrium, which is  naturally  accompanied by a  sharp
improvement  in  psychosomatic  condition  and  the  patient's  blood  pressure
(Fig. 15). Further, the interval between 06.08. and 08.08. pendulum inertia
moves to position 3, and the patient's condition deteriorates somewhat. After
08.08. It starts the reverse movement of the pendulum, which concludes with
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the passage of the equilibrium position of the pendulum 4. Inertia returns it to
the position of  the 5 and then the pendulum starts  oscillations  with ever-
increasing amplitude, which are accompanied by fluctuations in the patient's
state of health. The following two procedures soothing vibration fluctuations
adaptive system and it comes in a state of equilibrium (position 8). The above
behavior  of  the  pendulum  analogy  is  a  fine  metaphor  for  the  internal
processes taking place in the adaptive system with its restructuring in the new
state. In this situation, the doctor would be correct tactics continued periodic
ozone effects on the blood after 08.08. to the completion of restructuring of
adaptive systems, or, in other words, until the return of the pendulum in a
state of balance and health.

Another  example  that  sheds  light  on  the  causes  of  the  dynamics
leucoformula is shown in Fig. 17. Patient ST. at the age of 48 years, with a
slight  depressive  episode  in  the  history,  and  complaints  of  fatigue  and
decreased energy received ozone therapy course according to the protocol in
Table 5. As can be seen (Fig. 17, left), ozone therapy caused a reduction in
the  age  for  adaptation  Leucotest  and  psychos.  However,  the  patient
subjectively expressed disappointment in this method of treatment and tended
to interrupt treatment due to lack of significant progress in the health and
well-being. Taking into account the data of the anamnesis, deep Transcranial
Magnetic Stimulation (dTMS) of the brain has been proposed to the patient. 

Fig. 17. Left - change adaptation age of the patient PT. in the course of procedures of
infusion of ozonated saline (indicated by single arrows) and deep transcranial

magnetic stimulation (dTMS) (marked with double arrows) on Leucotest (BLOOD's)
and psychos (PSY), right - change leucoformula the same patient during the course
of treatment. Duration DTMS marked by a thick line. Course of treatment protocol

is shown in Table 5.
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The essence of this therapy is to stimulate the dorsolateral prefrontal
cortex [35], but also captures stimulation deeper areas of the brain, including
diencephalon,  including  the  hypothalamus  and  pituitary.  This  procedure
physically  asymptomatic,  and during the first  day,  patients  not  notice any
changes in state of health.

Table 5. The protocol of treatment of the patient PT. OSS - ozonized
intravenous infusion of saline (conc. 2 mg ozone / liter, 200 ml.), DTMS -

deep transcranial magnetic stimulation of the brain.

         

       Changes in the state of health and shifts the leucoformula come to the
end of the second day [36], which is probably due to the slow reaction of the
endocrine system on magnetic stimulation [37]. Magnetic stimulation causes
remarkable  leucoformula dynamics  (Fig.  17,  the right  slot  marked with  a
thick line), but the intensity of the blood changes in response (Fig. 17, the left
slot marked with double arrows) are relatively small and limited to a single
floor of adaptation. At the same time, changes in the adaptation of age by
psychos are extremely high (Fig. 17, the left curve PSY). The combination of
weak action on adaptation on the age Leucotest with the strongest decline in
the adaptation of age by psychos is also characteristic of xenon (Fig. 8, Fig.
9). Comparing Fig. 8, Fig. 9, Fig. 17 on the one hand, and Fig. 12 on the
other, shows that ozone, unlike xenon and DTMS causes a decrease in the
intensity of the adaptive reactions of  the blood, which is a guarantee that
health improvement (reduction of tension adaptive reactions by psychos) will
be prolonged. Duration reducing tension adaptive reactions of the blood is a
period of 4-5 months. It is known that the life expectancy of erythrocytes, T-
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lymphocytes, endothelial cells is 100-120 days. It is likely that these cells
contact with ozone leaves them "tracks" in the form of ozonizes, peroxides
and possibly other compounds that alter the functional characteristics of the
cells  for  their  entire life  cycle [10,  38].  As part  of  the neuronal-immune-
endocrine  model  [39],  [25],  [40],  [26],  [27]  which  means  that  the  entire
adjustment system saves the state reached during the course of ozone therapy
over  the  lifetime  of  the  cells  subjected  to  modification  ozone.  With  the
elimination  of  the  natural  populations  of  these  cells  of  neuronal-immune-
endocrine homeostasis system returns to its original state corresponding to
biological  age.  In  the  case  of  xenon  therapy,  presumably  based  on  the
activation  of  the  hypothalamic-pituitary  complex  homeostatic  system  also
goes into a new state, the equivalent adaptation rejuvenation, but a state of
instability and progressively diminishes as the elimination of xenon from the
body.  Ozone  therapy  in  the  case  of  "the  right  course"  avoids  this
shortcoming,  but  it  should  be  borne  in  mind that  even "the  right  course"
Ozone  therapy  is  not  always  measured  by  the  patient  to  the  fullest.  The
reason  is  that  the  adaptive  finite  state  may  be  a  state  of  reduced  levels
workout  intensity.  This  condition  is  subjectively  perceived  as  a  state  of
drowsiness, apathy, lethargy, which is disadvantageous discordant with the
patient's  expectations.  It  can be  assumed that  the  combined use  of  xenon
inhaled and systemic ozone therapy can correct the adaptive response toward
activation  -  good  or  high.  This  is  indeed  the  case.  As  in  the  case  mono
therapy  with  xenon  (Fig.  8,  Fig.  9),  xenon  inhalation  guaranteed  shifted
adaptive finite state system at level relaxed or increased activation.

Summing up the theoretical background and experimental data, we can draw
the following conclusions given above:

1. The main part of the spectrum of pharmacological activity of xenon and
ozone is associated with an activating effect on the NARO system that allows
you to include xenon and ozone therapy for activation therapy [16].

2.  Since  the  functioning  of  the  NARO  system  regardless  to  the  type  of
activation is aimed at establishing homeostasis, the systemic effects of ozone
and xenon is always normotropical.

3. The breadth and range of the coincidence of the pharmacological activity
of xenon and ozone is determined by homeostatic versatility of the system by
NARO.
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4. Ozone therapy and xenon have a complementary effect on the adaptive
system, which creates prerequisites for the systematic testing of xenon-ozone
therapy.

Hydrogen and ozone-hydrogen therapy

   To evaluate the effect of dissolved hydrogen in the adaptive system, we
used a simple and secure way to saturation saline with hydrogen described in
Chapter  3.  Saturation  of  hydrogen was  carried  out  without  disturbing the
sterile package of saline solution by passively diffusing the gas through the
wall of a plastic saline bottle. We also for the first time in the practice of the
hydrogen treatment conducted several  courses autohemo hydrogen therapy
(AHT-H2). The procedure was as follows: saline solutions with a sterile 500
ml  capacity  were  placed  in  a  specially  designed  hyperbaric  chamber  and
maintained at a hydrogen pressure of 5 bar for 4 hours. After depressurization
chamber supersaturated liquid hydrogen in the packets allocated excess gas,
the total amount were about 40 ml. Then removed saline solution from bag
and used for collecting blood of 200 ml with the use of the peristaltic pump.
Blood collection procedure lasted 10 minutes. At the end of the fence, began
immediately make return autologous subject. In a pilot study, we conducted
16 courses experimental procedures hydrogen therapy volunteers aged from
38  to  65  years  (mean  age  57  years  ±  4  years)  saline  solutions  at  a
concentration  of  H2,  equal  to  2.1  mg  /  l.  The  entire  group  consisted  of
patients  who received the 12-week course of  antiviral  therapy for  chronic
hepatitis C. The group was divided into three subgroups, the first of which
consists  of  5  persons  received  saline  solution  saturated  with  hydrogen
(H2SS),  the  second  received  a  course  with  alternating  H2SS  infusion
procedures, and ozonated saline solution (OSS), a third subgroup of seven
people  received  AHT-H2  procedure.  The  aim  of  the  experiment  was  to
monitor the dynamics of leucoformula and psychosomatic state subjects. A
typical  example  is  shown  in  Fig.  18.  From  Fig.  18  shows  that  the  first
procedure of H2SS causes a sharp reaction leucoformula without any changes
psychosomatic  status.  Adaptive  rejuvenation  for  psychos  (health
improvement) was observed between the second and the third procedure and
further  remains  unchanged.  Dynamics  leucoformula  shows  much  more
pronounced dynamics. For all groups of patients treated with H2SS, adaptive
rejuvenation for Leucotest exceeds that of psychos.
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Fig. 19. Dynamics of tension in leucoformula (left) and adaptation of age calculated
from Leucotest (red line) and Psychotest (blue line). Patient BOJ, the biological age
of 49 years. He took part in an experiment in connection with complaints of fatigue,
lethargy and malaise caused by the course of antiviral therapy due to treatment of
chronic hepatitis C (1b genotype). Figure Notes: H2-saline solution, saturated with

hydrogen, 200 ml.

Our  experience  with  the  treatment  using  ozone  therapy  shows  that
ozone treatments cause an oscillatory process of setting up an adaptation of
the system invariably ending adaptation and rejuvenation for Leucotest and
Psychotest. The duration of the oscillatory process for primary patients can be
quite large, which often requires a course of 10-16 treatments. Alternating
conducting  ozone  and  hydrogen  treatment  procedures  suppressed  the
oscillation process tuning adaptive system in three of the five patients. An
example of this trend is shown in Fig. 20. The two other patients from the
group treated with ozone and hydrogen treatment, fluctuations have occurred,
but they were less pronounced.

In addition to reducing the amplitude of the oscillation in intensity of
the reactions to this group of  patients  indicated a much more pronounced
adaptive  rejuvenation  for  Leucotest  and psychotest.  Self-reports  about  the
health of the patients of the second group is strikingly different from the self-
reports of patients of the first group. Patients of the second group mentioned
psycho-emotional rise on the back of improved pesaline solutionormance and
endurance.
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Fig. 20. Dynamics of tension in leucoformula (left) and adaptation of age, calculated
by Leucotest (red line) and psychotest (blue line). The patient OH, biological age 62.

He participated in the experiment, complaining of fatigue, lethargy and malaise
caused by the course of antiviral therapy for chronic hepatitis C (genotype 1b).

Figure Notes: H2-saline solution, saturated with hydrogen, 200 ml, O3-saline - FIU
(the concentration of ozone -2 mg / ml).

In  the  third  group  of  patients  had  many  patients  for  which  was
characterized by the identity or similarity of the original biological age and
age  on  certain  Leucotest  with  a  significant  excess  of  a  certain  age  for
psychos.  In other words, for these patients the rate of leukocyte counts in
poor or very poor state of health was typical. According to the theory NARO
such a state equivalent to the state are activity adaptive system. Typically, the
output from this state presents  considerable difficulties and requires much
time.

        

Fig. 21. Dynamics of tension leucoformula (left) and adaptation of age, calculated by
Leucotest (red line) and psychos (blue line). PB patient, the biological age of 48 years.
He took part in an experiment in connection with complaints of fatigue, lethargy and
malaise caused by the course of antiviral therapy for chronic hepatitis C (genotype
1b). Figure Notes: AHT-H2 – autohemohydrogen therapy, 200 ml of blood, 40 ml of

hydrogen
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Application of AHT-H2 solves the problem of removing are activity
within  4-5  treatments.  At  the  same  time,  at  the  end  of  the  treatment  we
observed  a  pronounced  adaptive  patient  rejuvenation  that  probably  is  a
characteristic difference between the hydrogen treatments by ozone therapy.
See. Fig. 21. However, subjectively the third group patients reported dramatic
improvement  in  well-being  and  health,  as  is  evident  from  a  significant
decrease  in  the adaptation of  age calculated  from the program Psychotest
(Fig. 21, blue line).

Conclusion

Of course, given the results of this pilot study are very preliminary and
require careful testing under controlled conditions. However, we can already
draw some  conclusions  and  aggregate  data  relating  to  the  mechanism of
action of medical gases considered:

 1. In addition due to the chemical properties of the physiological activity of
xenon (anesthetic action) and ozone (sanation, disinfectant effect) gases have
indirect antioxidant effect.  For ozone, the xenon effect is  realized through
activation  of  the  antioxidant  system  and  cells  through  modulation  of  the
activity-reactive  ROS  receptor  (e.g.,  NMDA  receptor)  and  enzymes  (e.g.
Protein kinase C).

2.  Kinetically  inert  under  norm  baric  and  norm  thermic  conditions  of
molecular hydrogen has an antioxidant effect in the biological tissue by the
inactivation of hydroxyl radicals and peroxynitrite anion. The redox potential
of other biologically important oxidants: •О2

−, •О, 
•NO и H2O2  is not sufficient

for  the  oxidation  of  molecular  hydrogen.  Hence,  hydrogen  is  selective
antioxidant inhibiting especially dangerous form radicals without sacrificing
vital radicals and oxidants and without touching the associated metabolic and
immune defense systems. In contrast, xenon and ozone, molecular hydrogen
is an endogenous antioxidant produced by the intestinal flora in macroscopic
(hundreds ml per day), and is a critical component antiradical defense.

3. All of these gases are activated by the body's non-specific adaptive system
(NARO),  causing  normotropical  adaptive  response  that  is  manifested  by
changes in hormone levels  of  the hypothalamic-pituitary complex,  adrenal
and thyroid glands. Thus a weak and transitory impact of ozone treatments,
hydrogen or xenon therapy is transformed into a powerful and synchronized
influence  on  hormonal  systems  of  the  body.  This  inherently  homeostatic
influence captures all  the organs and body systems. Since the state of the
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disease, the most common form is a deviation from the physiological norm,
the therapeutic (beneficial, health improving) can assume any impact, aimed
at  maintaining  standards.  Thus,  the  inclusion  of  adaptive  systems  in  the
implementation of the physiological activity of ozone, xenon and hydrogen
explains how to match the breadth and range of pharmacological activity, as
well as the breadth of the therapeutic range of the considered gas.

 4. NARO system works on the basis that the single activation stimuli are
ignored,  and periodic addictive produced. Besides balancing the hormonal
system, like any system of covered positive and negative feedback, it occurs
as a damped oscillatory process, in which hormone levels are a series of highs
and  lows,  which  explains  the  existence  of  periods  of  improvement,
deterioration of the health of patients in the course of ozone therapy. The
period of the oscillation process and its duration depends on the age, sex,
history  of  the  disease  and  is  strictly  individual.  Interrupt  treatment  until
complete  decay  of  oscillatory  processes  hormonal  reserves  and  related
immune  system  unbalanced  state,  which  is  fraught  with  complications.
Moreover, our experience of working with NARO tracking with respect to
ozone therapy shows that the continuation of the course of procedures after
the completion of the oscillation process to provoke a new cycle of hormone
level  fluctuations  upsets  the  hormonal  balance  and  nullifies  the  effect
achieved by the treatment. Thus, there can be no single protocol for systemic
therapy of medical gas, and other factors, mechanism of action, which is built
on  the  use  of  NARO  system.  Correct,  that  is  based  on  the  individual
dynamics of work NARO, treatment and tactics of its holding in relation to
the ozone therapy is described in Appendix 1.

The aim of this work is to familiarize physicians, ozone therapists and
other  professionals  working  in  this  field,  with  the  knowledge  of  rapidly
developments in modern medical science - xenon and hydrogen treatment,
with a scientific approach, ability to combine the advantages in the use of
medical gases and the theory of non-specific adaptation reactions. We hope
that we have succeeded.
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Annex 1

Practical  advice  on  using  the  program  "O3-inspector"  in  successful
completion of a Right course of ozone therapy

 A. Primary patients

General provisions. The course of ozone therapy for the primary patient is a
significant and sustained improvement in patient well-being sufficient for the
formation of motivation to repeat the course in the future. The necessary and
sufficient conditions for the solution of this problem is:

a) the achieving a persistent reduction of tension on the adaptive Leucotest,
Psychotest and at least one "stage" by the time of completion of the course.

b)  achieving  a  persistent  activation  of  adaptive  response  (increased  or
relaxed) for Psychotest by the time of completion of the course.

 For practical implementation of the tasks, you need to:

  1)  Conduct  a  test  patient  for  the  program  and  the  program  Leucotest
Psychotest (for this, the patient should provide a common blood test result)
for the course of ozone therapy is the reason:

  a)  a  significant  (more  than  10  years)  exceeding  the  age  of  the  patient,
specific for psychotest and / or Leucotest over real age

 b) the current reactivation reaction or stress on the program Psychotest and /
or Leucotest,

 c) a harmonic or a high degree of reactivity for patients older than 45 years.
In this case, the patient should be advised to carry out the fullest possible
examination for the presence of tumors or chronic infectious diseases.

 2) If there are indications to assign to a course of Major autohaemotherapy, a
dosage of 1 mg / L (200 ml blood) for patients younger than 32 years old, 2
mg (200 ml blood) for patients 33 to 48 years, 4mg (200 ml blood) - for
patients  older  than  49  years.  The  above  dosages  relate  to  the  first  four
procedures. No dosage adjustment depending on the patient's weight can be
carried  out  changes  in  the  volume of  saline  solution.  In  the  future,  these
dosages  may be altered depending on the age and dynamic parameters  of
leukocyte  formula.  The  patient  should  be  directed  to  the  course  of  6
treatments (every other day), notifying that the course may be shortened or
extended depending on the results of blood tests. The patient must also be
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informed for the need of general blood analysis of minimum once every 2
treatments (highly desirable to carry out a blood test before each treatment!).
The first procedure begins with a drop of blood collection and preparation of
blood smears for subsequent leukocyte count (200 cells). The venous blood
from the needle or catheter after the venipuncture can be used for the general
analysis.  Before the procedure should necessarily be carried out by testing
Psychotest program.

3)  Conduct  the  first  four  treatments.  To analyze  the  nature  of  oscillatory
processes  of  cells,  determining  the  intensity  of  adaptive  response  -
monocytes, basophils, eosinophils, and neutrophils. At the same time, there
are several variants of the dynamics:

            a) monocytes demonstrate a trend towards the increasing amplitude
fluctuations (see. Fig. 1). In this case, the patient should be directed to the
possible extension of the course, to harmonize their level. Once the level of
monocytes  start  to  reduce,  the  scope  of  oscillation  amplitude  should  be
reduced in further procedures with twice the concentration of ozone.

                                

Fig. 1. Oscillating type of dynamics intensity monocyte responses.

            b) the monocytes demonstrate tranquil dynamics of changes (see. Fig.
2). In this case, the tactics of ozone therapy course is just possible to achieve
complete harmonization of the level of monocytes;

                             

Fig. 2. The calm type of dynamics in the intensity of reaction of monocytes
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            c) the intensity of the reactions determined by basophils, eosinophils
or neutrophils stab. In this case, the tactics of ozone therapy course is the
fullest possible reduction of tension on those cells. It is important to bear in
mind  that  during  the  course  of  the  tension  on  basophils,  eosinophils  and
neutrophils stab amplified and reduced in waves. This treatment should be
continued until the two waves of increasing tension-reducing reaction (See.
Fig. 3).

Fig. 3. The oscillating type of dynamics intensity basophil responses.

4)  The course  can be terminated  subject  to  downward adjustment  for  the
intensity of the reaction and Leucotest Psychotest program and, subject to the
state  of  activation  (calm  and  increased)  in  Psychotest  program.  If
normalization of leucoformula ended, it is necessary to continue the course of
procedures,  each time increasing the dosage to  20% of  the previous dose
level  to  achieve  a  relaxed  or  increased  activation.  If  normalization  is
established at the level of reactivation, it is necessary to decrease the dosage
by 20%, from the level of the previous dose and then decrease by 20% from
the previous dosage. For example, if the dosage when AHT-O3 during the
course was 2 mg, the following procedure is necessary to reduce the dose to
1.6 mg, and then to 1.3 etc. Reactivation - the most difficult to overcome the
type of adaptive response. If that fails, the method of reducing the dosage of
ozone, we use a combination of ozone therapy and xenon therapy. Combined
method generally allows you to move from reactivation to stress and further
training of the next level (stage) adaptation.

 5) Upon completion of the course the patient should receive psychological
setting  to  repeat  the  course  in  4-5  months.  Particular  attention  should  be
given  to  patients  over  50  years,  as  from this  age  rejuvenation  caused  by
restructuring of NARO, particularly noticeable.
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Fig. 4. Example of a prolonged course of ozone therapy.

Note 1: Sometimes, for patients suffering from chronic diseases of the
running for the normalization leucoformula necessary to carry out long-term,
requires 15-20 procedures, the course of ozone therapy (See Figure 4.). In
these patient financial difficulties may arise associated with the continuation
of  the  course.  In  this  case,  we  recommend that  you  continue  the  course
without  pay  or  with  reduced  pay,  in  order  to  avoid  deterioration  of  the
patient's condition or the development of unstable improvement in the future.
This  tactic  is  justified  not  only  the  duty  of  the  physician,  but  also  by
considerations of cost-effectiveness of ozone therapy cabinet, as a satisfied
patient is the primary treatment will certainly regular patient in the future.

Note 2: In our experience, the demonstration to the patient current rate
dynamics on the test  Psychotest  and typical  examples of  the dynamics of
psychosomatic condition of other patients has enough persuasive effect for
the formation of installation on the second course.

Fig. 5. Example of adaptive age of the patient during the course and in the interval
between courses. The data for the curve of the red and blue sub-program designed
Leykotest and Psychotest respectively. Actual patient age of 65 years. The period of

adaptation of rejuvenation - 4.5 months.

Typical dynamic adaptation of age in the course of repeated course of
ozone therapy in the interval between courses.
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Fig. 6. 1) The course of 4 AHT-O3 treatments (1-2 weeks), 2) The period of
rejuvenation - (18-20 weeks), 3) the period of return to the age norm (2-3 weeks), and

4) ozone withdrawal ( 4 weeks).

Using the value of the adaptation age as a measure of the effectiveness
of  ozone  therapy  allows  you  to  visually  see  the  patterns  of  ozone  as  a
medicine. Fig. 5 shows a typical example of the dynamics of adaptation age.
The data for the red curve obtained from analysis leucoformula and for the
blue color of the curve - from psychological testing. The study of dozens of
such dependencies enables us to say that after a successful course of ozone
therapy (period 1, blue arrow, the duration of 1-2 weeks, Fig. 6) is developing
an  adaptation  period  of  declining  age,  perceived  by  the  patient  as
rejuvenation (period 2, green arrow, duration 18 -20 weeks). Rejuvenation
period followed by a period of return to normal age, which the patient sees at
the beginning of the disease (the period of 3, pink arrow Duration 2-4 weeks).
After  reaching the age norm developing period,  which we have called by
withdrawal of ozone (between 4 and dark red arrows, the duration of 2-4
weeks). Psychosomatic patient's condition in the fourth period, much worse
state of health prior to the course of ozone therapy. Obviously, one of the
main tasks of ozone therapist’s should be to convince the patient of the need
for refresher courses every 18-20 weeks. For patients repeating the course are
done by somewhat different treatment strategy.

B. Patients repeating courses

 The aim of the course of ozone therapy for patients repeated courses of
ozone therapy is a significant and sustained improvement in the patient's state
of  health  at  a  more significant  rate  reduction is  possible.  In  other  words,
repeated practice courses should be as less burdensome for the patient, both
in terms of time-consuming and financially. The care that the patient received
repeated  courses  of  treatment  quality,  at  the  lowest  cost  is  the  main
prerequisite  for  sustainable  growth  in  attendance  ozone  therapy  center.
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Necessary and sufficient conditions for successful treatment are similar to the
tactics of treatment of primary patients (see above).

 Practice shows that for this group of patients is sufficient to conduct
psychological testing, provided if the gap between the rates do not exceed 4-5
months.  The basis  for the completion of  the course is to have the second
"wave" in the chart on the program dynamics Psychotest (see. Fig. 6, Fig. 7).
When the gap between the rates of more than 6 months, patients should be
viewed as primary.

 

                         

Fig. 7. Typical dynamic adaptation of age during the repeated course of ozone
therapy (BLOOD- n / Leucotest program, blue - Psychotest)

Primum non nocere, seu noli nocere, seu cave ne laedas.

First of all - do no harm, or fear, to do no harm.

 It is believed that ozone therapy has a beneficial effect on the patient's
body by an incomplete course of procedures, or even after a single dose of
ozone. Our experience shows that this view is incorrect. Unfinished course of
procedures of ozone therapy is fraught with disorder of homeostasis of body
systems,  including the immune and hormonal  balance,  which in  the short
term will inevitably cause a worsening of the patient's existing disease or the
emergence of new diseases. An example of such a course is shown in Fig. 8.
As  shown  in  (Fig.  8,  left),  48  hours  after  the  first  treatment  is  a  sharp
improvement  of  health  (age  adaptive  reduction  by Psychotest  /  Leucotest
program) and lowering blood pressure 160 mm Hg up to 120 mm Hg After
the second procedure, the blood pressure rises to the usual level, and state of
health remains at the same level. The patient agrees to take one more (fourth)
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and the procedure terminates a course of procedures, under the pretext that he
feels great. The achieved improvement in the patient's condition is stored 7
days  (8.08.2012  to  15.08.2012).  17.08.2012  However,  the  patient  feels  a
sharp deterioration of health, expresses regret that agreed to the treatment of
ozone.  With great  difficulty,  the  doctor-patient  ozone therapists  overcome
resistance and did two more procedures 17.08.2012 and 20.08.2012, which
led to a sharp drop in the adaptation of age and excellent state of health of the
patient, which was observed for 5 months. Fig. 8 (left) shows the causes of
the decline in the adaptation of age after the fourth procedure, and a sharp
deterioration in the patient's condition within a week after that.

         

Fig. 8. An example of the wrong course of ozone therapy. Arrows indicate AHT-O3
treatments. Left: the dynamics of adaptation age of Claim / program Leucotest (red
curve) and Psychotest (blue curve), the dashed red curve - systolic blood pressure

(display ratio = 0.5). Right - the dynamics of tension on monocytes (yellow line) and
neutrophils (the blue line).

As you can see, the reason lies in the fact that the initial high intensity
of reaction for monocytes initiated a self-reinforcing process of vibrational
intensity  adaptive response,  which could provoke a  serious and long-term
deterioration  of  the  patient's  health.  The  above  provides  practical
recommendations to prevent such a development.

     Our  experience  shows  that  the  number  of  procedures  required  to
successfully  complete  a  course  of  ozone  therapy,  strictly  depends  on  the
individual, the continuation of the procedures described, after a sharp drop in
the adaptation of the curve causes an increase in the intensity of the reaction
and adaptation because of the depreciation of the results achieved.
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Fig. 9. Change of blood dynamics due to adaptive response in the transition of
procedures / infusion saline solution (conc. 2 mg ozone / liter, 200 ml) (OSS arrows)

on autohemotherapy with ozone procedure (2 mg) (arrows AHT-O3).

Our practice of using adaptive approach in assessing the effectiveness
of ozone therapy course has found a sharp change in the dynamics of the
normalization  in  leucoformula  when  changing  the  type  of  ozone  therapy
procedures. (See. Fig. 9). At the request of the patient's course of i/v OSS was
replaced by AHT-O3 treatments. From the graph of dynamics of intensity of
the reaction of monocytes, it can be seen that the second procedure AHT-O3
provoked  the  beginning  of  a  new  period  of  adjustment  adaptive  system,
resembling  the  initial  period  of  response  to  i/v  OSS  procedure.  This
unexpected from the point of view of traditional ideas about ozone therapy
fact is consistent with the hypothesis of adaptation of ozone therapy. At the
same time, we must bear in mind that the adaptive system is not specific and
can distinguish between factors acting only change the characteristics of the
internal environment of an organism or part thereof. Obviously, the chemical
reaction products of ozone and blood formed when mixed with the blood, in
the  liquid  phase  are  different  in  quality  and  quantity  of  heterogeneous
products of ozone & blood reaction at the separation boundary between the
gas-liquid phases at AHT-O3. This difference appears to the novelty factor of
adaptation of  the system, which serves as  a  signal  to  start  the process  of
adaptation to this factor. Characteristically, the sharp fluctuation in monocyte
levels did not begin after the first AHT-O3 treatments, and after the second,
when  the  homeostatic  system  of  differentiated  second  set  of  chemical
characteristics of the active factor from the first set. The practical implication
of this is that in order to avoid delaying the course of ozone therapy, one
should adhere to the type of ozone therapy procedures, which was elected at
the beginning of treatment.
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Thus, the necessary and sufficient  conditions for the management of right
course of ozone therapy is "A" for the primary or "B" - for repeat patients,
provided the immutability of the selected type of procedures.

Equipment for anesthesia and treatment of noble gases

Currently, several models of devices for xenon anesthesia and therapy are
available on the market.

Equipment for xenon anesthesia

Universal anesthesia-breathing apparatus AKZENT-X

Production X (F. Stephan GmbH, Germany).

In  a  single  anesthesia  workstation,  AKZENT  X
COLOR provides an ideal combination of established
conventional methods of anesthesia and cutting-edge
Xenon technology. By using the Xe-GME-Control gas
mixing unit, specially developed for this purpose, in
combination  with  the  patented  completely  closed
breathing system.

Therapeutic procedures carried out with AKZENT X
COLOR, such as preoxygenation and denitrogenation
as well as the rapid introduction of anesthetic with a
high Xenon concentration, are specifically tailored to
the requirements of Xenon anesthesia.

The following types of anesthesia are possible:

 Anesthesia with Tiva, N2O or vaporization

 Anesthesia with Xenon in a completely closed breathing system

 Anesthesia  and excellent  ventilation for  premature babies,  children and
adults, to the same high standard as an intensive care ventilator.

AKZENT X COLOR supports all of the conventional methods of anesthesia
and meets the requirements for modern Xenon anesthesia. 

These include:

 Preoxygenation
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 Denitrogenation

 Rapid attainment of the necessary Xenon concentration

 Extremely low Xenon consumption + fast patient recovery times due to
rapid washout of Xenon.

Accessories:

 Xenon gas consumption meter

 Extendable writing shelf

 Configurable drawer units

 Gas bottle holder for 2 to 4 cylinders

 Patient monitor support arms

 Fluid management system

 O2 dosimeter for standard rails

 Additional "VENTSAFE" backup system

 Fastening sets for mounting AKZENT X COLOR on ceiling supply units
or walls.

Cost  at  the  end  2015  -  100  330  euro  (info  from  Russian
http://www.trimm.ru/).

Anesthesia station "FELIX DUAL"

Production of "Air Liquide" in conjunction with "Air Liquide Medical
Systems"

 FELIX DUAL main technical features General:

Dimensions: 100x60x160 cm

Total weight: 128 kg

Battery autonomy: 30 min. (Adult ventilation)

Color display: 15 inches

Performances:
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 Ventilation modes: Manual Ventilation, Spontaneous Ventilation, Volume
Controlled, Pressure Controlled, Pressure support (option) unavailable with
Xe Current Volume: 20 to 1500 ml

 Maximum flow rate: 130 l / min (N2 O mode)

 Respiratory rate: 5 to 60 breaths / min Insufflation pressure: 7 to 80 cm
H2O Electronically-controlled relief valve (APL).

Electronic fresh gas mixer operating in different modes:

• ECO mode

• AUTO mode

• Continuous mode (0,3 to 12 l / min) O2,

setting: 25% to 100%

Anti-hypoxic coupling system

Xe setting: 0% to 75% (depending on modes)

Target-controlled injection of Xenon and O2

Patient monitoring: Ventilation: Vte, VM, RR, PEEP, Ppeak, Pmean.

Gases: O2, CO2, Xe, N2, O, AA

Anesthetic apparatus Venar Libera Screen Xe for xenon anesthesia

Manufacturing CHIRANA Medical and CHIRANA Stará Turá (M.O.C. Stará
Turá, Slovakia)

Basic technical features:

• ventilator: with electric gear motor

• tidal volume (VT): 20 - 1500 ml
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• respiratory rate (frequency): 4 - 60 / min

• minute ventilation (MV, VE): 0,5 - 25 l / min

• Ti: Te, %: 20 - 80% (from 1: 4 to 4: 1)

• post-inspiratory pause (Pinexp): from 0 to 50%

• flow-meter: electronic EFA or EFA 3deLUX

• vaporizers holder: for 2 vaporizers

• Ventilation Modes:

• CMV - volume controlled ventilation

• PCV - pressure controlled ventilation

• SIMV-PS - synchronized intermittent mandatory ventilation with pressure
support of spontaneous breathing at PEEP level

• PS - pressure support for spontaneous patient's breathing

• MAN - manual ventilation, using bag

• SPONT - ventilation with spontaneous patient's breathing

• Modes SIMV-PS, PS and SPONT are required for process optimization and
synchronization of patient's breathing with the ventilator

•  MLV  -  multi  level  ventilation  (optionally  available  with  Profiling’s
anesthesia module)

Monitored parameters:

• monitoring all of parameters including mechanics of lungs, all displayed on
the contrasting color TFT display

• monitoring through the graphs and dynamic loops for better overview of
patient's respiratory organs status and dynamics

• electronic flow meter allows you to control the amount of gas consumption

•  Profiling’s  anesthesia  module  significantly  expands  the  functions  of
monitoring, optimizing of ventilation or quick start of ventilation using the
panel Auto start and offers the storage of ventilation trends including all of
events  with  possibility  of  editation  for  wide  range  of  data  related  to  a
particular patient' s
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Cost  of  device  at  the  end  of  2015  -  45  000  euro  (info  from  Russian
www.chiranarusia.com).

Xenon anesthetic device KNP-1

(Akela OOO, Russia, http://akela.ru/medicine/equipment)

Xenon anesthetic device KNP-01 is a
set  of  specially  designed  equipment
that  allows  to  adapt  any  production
model  anesthetic  machine  for
anesthesia  with  xenon.  The
composition of  the KNP-01 includes,
gas analyzer binary mixtures of xenon
dispenser  and  an  adsorber  medical
xenon.  Gas  analyzer  combined
medical  GCM-03  is  designed  to
measure  the  volume  fraction  of
oxygen and xenon in the duration of
anesthesia  with  xenon.  GCM-03  is
also  designed  to  measure  the

concentration of nitrous oxide (N2O) and helium (He), which significantly
expands the possibilities of its use. Range measurement gas concentrations
from 0 to 100% with a margin of error of ± 1 vol. %.

Xenon dispenser DCM-01 is designed to measure the current flow of xenon
gas, and the total amount for the operation.

The  exact  dosage  of  xenon  per  time  unit
ensures  the  implementation  of  adequate
anesthesia,  and  accounting  general  xenon
consumption  for  the  entire  operation
facilitates economic calculations of the cost
of the procedure.

    Adsorber  medical  xenon  provides  waste
disposal procedure for xenon in a volume of
500 liters with a collection efficiency of up
to 80%.

A xenon leakage sensor, part of the GCM-
03-INSOVT,  controls  filling  the  adsorber.
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After filling the adsorber is disconnected from the anesthesia machine and
directs production and technical base of LLC "Akela-N". In the process of
regeneration of the adsorber, it is extracted from the accumulated xenon gas
and then passes a full cleaning cycle.

Xenon therapeutic circuit KTK-01

(Akela OOO, Russia, http://akela.ru/medicine/equipment)

 Xenon  therapeutic  circuit  KTK-01  -  is  a  set  of
specially designed medical equipment for supplying
breathing  gas  to  the  patient  during  the  course  of
treatment  measures  using  oxygen,  xenon  or
combinations of  these gases.  Flow rate  of  xenon is
between 1 and 4 liters regardless of treatment time. At
request, the device can be additionally equipped with
an oxygen gas analyzer and xenon GKM-03, as well
as  xenon  dispenser  DKM-01,  which  allows  you  to
control  both  the  current  flow  and  the  total

consumption of the xenon during the entire procedure.

(Cost of 499 000 rubles, or 6023 Euros (February 2016))

Akela  company also  produces  a  portable  version of  the
KTK  is  adapted  for  use  in  the  military  field  with  the
emergency and ambulance transports

(Price 450 000 or 5431 euros (February 2016)).

Dental unit for xenon inhalation "STAKI"

NC "Biology Gas Service, Russia, www.xebgs.ru

 Due to the less amount of gas flows -100, 250, 500
ml per minute - rate of xenon per procedure is from
1 to 1.5 liters, an overdose is eliminated, and xenon.
Possibility of emergency oxygen supply - 4 l / min
ensures  patient  protection  from  overdose,  and
hypoxia.  It  provided  with  a  high  degree  of
protection  for  the  patient  from  barotrauma  and
hypercapnia.  Maximum  permissible  concentration
of  xenon  in  the  surrounding  atmosphere  when

245



operating the apparatus does not reach the level of 0.002%, which is below
the MPC more than twice (MPC xenon equal to 0.005%).

Indications:

Pain  in  traumatic  injuries  of  different  etiologies,  neuropathy,  neuralgia,
paresthesia,  psycho-emotional  tension  and  stress,  joint  pain  relief  in
combination with local anesthetics injection, the treatment moderate caries
without  injection  of  anesthesia,  removal  of  supragingival  and  subgingival
deposits, gingivectomy.

Advantages:  Fast  and  comfortable  procedure;  It  causes  tissue  anesthesia
maxillofacial  region;  It  increases  the  efficiency  of  the  local  anesthesia
injection; reduces psycho-emotional tension and stress; during the procedure
the patient is fully conscious and in contact with the doctor.
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Apparatus for inhalation of noble gases "Bozon-N-Noble"

SPE Econika, Ukraine, www.ozonetherapy.org

 General  view of  the  apparatus  complex for  the  treatment  of  noble  gases
Bozon-N-Noble.

                        

Left - oxygen source based on the oxygen concentrator. Used for denitrogenation and
as a source of oxygen during inhalation treatments with inert gases;

Right - apparatus for inhalation of xenon, krypton, argon and helium, comprising: 

a) a gastight closed breathing circuit,

b)  a  concentration-measuring  unit  of  xenon,  krypton,  argon,  helium,  and
oxygen,

c) carbonic acid sorption unit,

g) recycling unit xenon

d) a removable container with inert gases,

d) monitor the operating mode of the device,

e) heart monitor.
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Photo inhalation procedures heated to 900C heliox. Inhalation treatments other noble
gases using the Bozon-N-Noble is similar, with the heating unit helix move beyond

the couch.

Technical specifications of the Bozon-N Noble

The device is intended for inhalation of one of the four gas mixtures:

•  Helium-nitrogen-oxygen  mixture  -  oxygen>  25%,  20-60%  helium,  rest
nitrogen

•  Argon-nitrogen-oxygen  mixture  -  oxygen>  25%,  10-60%  argon,  rest
nitrogen

• Krypton-nitrogen-oxygen mixture - oxygen> 25% and 5-60% of krypton,
rest nitrogen

•  Xenon-nitrogen-oxygen  mixture  -  oxygen> 25% and  5-30% xenon,  rest
nitrogen.

The transition from one type of breathing gas to another by simple change of
gas cylinder.

The type and composition of the gas mixture is set in the initial dialogue is
maintained all  the time and procedure. Inhalation held on a closed circuit
breathing system.  Sensors  built  and maintained automatically  measure the
concentration of oxygen and rare gases:  oxygen of at least  25% and inert
gases at a predetermined level. It is possible to preheat the oxygen-helium
mixture in 40-900C range.

The  device  has  a  built-in  power  adsorption  of  carbon  dioxide  from  the
breathing circuit.  The device automatically registers consumption of  noble
gases,  the balance of  gases in the cylinder,  the sorbent balance of  carbon
dioxide adsorption unit.
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The device has a built-in recycling xenon or krypton mode. Recycling unit
operates in two modes:

1. Sorption mode. Xenon or Krypton adsorbed from the breathing circuit, and
exhaled gas sorber assembly recycling after the procedure.

2.  Desorption  mode,  chemical  cleaning  and  disinfection  of  the  resulting
desorption  of  nitrogen-oxygen-nitrogen-krypton  or  xenon-oxygen  mixture.
The resulting mixture, after appropriate correction gas composition by adding
oxygen and primary noble gas can be reused.

When using krypton and xenon device operates in two modes, which differ in
the sources of the noble gas. In the first mode, krypton or xenon source is a
cylinder  of  compressed  gas  (krypton  or  xenon).  In  the  second  mode,  the
source of inert gases in the initial phase of inhalation is built recycling unit.
In the second mode can be reduced krypton and xenon consumption by 50%
± 10 and 30 ± 10%, respectively.

On  request,  the  unit  can  be  equipped  with  a  single-channel  Pulse  and
installation for denitrogenation based specialized oxygen concentrator from
the air.

Devices for Ozone Therapy

•  Fully  automated  Device,  UOTA-60-01-Medozon  (Medozon  Company,
Moscow) is designed for a variety of local and systemic methods of ozone
therapy,  including,  for  parenteral  administration  of  therapeutic  doses  of
ozone, dissolved in saline or the patient's blood.
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• The concentration of ozone in the ozone-oxygen mixture is set in a digital
form. Maximum ozone concentration of 80 milligram per liter.

• UOTA-60-01 model provides automatic control of concentration and visual
inspection of its actual value on the LCD screen.

•  Integrated  management  and  built-in  timer  extremely  simplifies  the
installation and conduction in ozone therapeutic procedures.

• Built-in catalytic Decomposer of ozone provides a complete decomposition
of ozone residues.

•   Analytical control of ozone in aqueous solutions.
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Ozone therapeutic devices from Bozon family:

Provide generating an ozone-oxygen mixture in the range of 0.5-100   mg/l
for gas flow 200-1000 ml/min (guaranteed concentration ozone gas stream at
1000 ml / min 80 mg / l).

Bozon-N-color.  The world's  only instrument specifically  designed to fully
automate the process of preparation of the OSS, including the measurement
of the actual concentration of ozone in ozonized liquids during the bubbling
process. Completed modules OIF (shown in the photo on the right) and MOD
for the preparation of saline solution and distillate. In preparation, i/v OSS
module is connected to the installation, and the concentration of ozone in the
OSS is brought to the desired (see. Photo on the right). MOF module has the
function to maintain a constant  concentration of ozone in the OSS all  the
infusion procedure. The range of concentrations set and maintained in the
distillate - 1-30mcg /ml; range of concentrations set and maintained in the
ozonized saline - 0.1-5 mcg / ml.
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Photos of additional modules to devices of Bozon family.

Inhaler Bozon-Inga used in inhaling hydrosol of ozonides. It is used to treat
respiratory diseases and as an alternative to systemic ozone therapy. 

The rate  of  pumping blood in the peristaltic  pump Bozon-AHT-O3 laser-
adjusted online in the range 0.5-50 ml / min.

Vacuum cupping Bozon-Vacuum massage  allows the  skin  at  a  controlled
reduced pressure and the concentration of ozone - 20-100 mcg / ml. It is used
for anti-cellulite treatment. It  is a alternative to systemic administration of
ozone into the body

Dental ozone device Bozon-Stomat

            

 Photo above left - the ozone dental unit with a set of additional tools (tool for
root  canal  treatment,  equipped  with  means  of  air  suction  and  mounting
needles for root canal disinfection, the removal of the needle can be used
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cleaning gums, tooth fissures and local defects of enamel of the tooth crown).
The appearance of the instrument is shown on the right; above - in the state
prepared for  the  treatment  of  the  gums and fissures,  the  bottom -  with  a
needle mounted for handling small defects in the enamel. Below is a tool tip
of an apparatus in processing mode and the crown of the tooth root canal
disinfection). The illustration also shows a portion of the real picture channel
processing procedures. Red circle circled photo tool tip with the established
channel venting when working with a long needle. 

          

Photos show the interior of ozone therapist, dentist's office. Red arrows indicate the
device Bozon-H and tools for Dental root canal.

The  unit  is  designed  for  root  canal  treatment,  disinfection  and
treatment of cavities after preparation, disinfection and treatment of fissures
prior  to  sealing  (especially  in  non-invasive  procedures),  root  canal
disinfection in endodontic treatment, susaline solutionace disinfection of the
tooth  root  after  the  removal  of  dental  plaque,  to  provide  an  anti-
inflammatory,  antimicrobial  and  decongestant  effects  in  the  treatment  of
periodontal  diseases.  Besides  treating,  it  has  modules  to  sterilize  dental
instruments and ozone preparation of highly concentrated ozonated water for
rinsing the mouth.

Characteristics of the device:

The ozone concentration is regulated in the range 0.5-100 mcg / ml.
accuracy for the maintenance of the ozone concentration is ± 5%. Stabilizing
the  concentration  is  carried  out  automatically  by  the  built-in
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spectrophotometric device by measuring the concentration of ozone in the
ozone-oxygen mixture.

The  gas  flow  unit  outlet  depends  on  the  mode.  In  the  root  canal
treatment mode, and the fixed flow of 10 ml / min. In sterilization mode and
ozonation, water is 500 ml / min.

The speed of the air suction in the vicinity of the needle clamp slot root
canal is 4 liters per minute. Suctioned air is cleared of ozone and let into
room. This guarantees and protects the respiratory system of the patient and
the doctor from the effects of ozone.

The ozone-hydrogen device Bozon-N-H2/O3.

The  unit  is  designed  for  the  ozone,  hydrogen,  and  hydrogen-ozone
therapy. 
The device allows you to:

1. Preparing saline in standard plastic bottles, allow saturation of hydrogen by
diffusion through the bottle’s walls and do not require a breach of sterility of
the  later.  Preparing  capacity  -  3  packs  (bottle  volume -  400  mL)  with  a
saturated saline hydrogen.
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2.  Prepare  "supersaturated"  hydrogen water  to  drink.  Device  capacity  -  5
glasses «supersaturated» of water per 10 minute.

3.  Dispense  hydrogen to other  existing  and currently developed hydrogen
therapy techniques.

4. Get an ozone-oxygen mixture with ozone concentration in the range of 0.1-
100  mcg  /  ml  in  two  modes  -  batch,  continuous  and  pulsed.  In  batch
operation, continuous operation time depends on the flow rate of unit output.
When the flow rate 1, 0.5, 0.2 l / min during the 5.10, 25 min. The recovery
time  of  the  stock  in  batch  mode -  30  min.  In  pulsed  mode  can  periodic
sampling ozone-oxygen at a pace corresponding to at a pace that matches the
performance of the ozone generator. For example, in the case of preparing
saline method can prepare by method of two needles, five bottles of ozonated
saline 200 ml capacity per hour. In the case of using the method of "three
needles"  ozone,  generator  performance  is  sufficient  for  3  procedures  /
infusion saline solution per hour.

The advantage of the device, as a generator of ozone-oxygen mixture is no
need to use medical oxygen cylinders and oxygen concentrators. The only
consumable required for the operation of the device is distilled water in an
amount of not more than 60 ml per 8-hour-working day, with a maximum
load of the device.

This unit is designed for the ozone, hydrogen, and hydrogen-ozone therapy.
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	In the blessed memory of
	Vladimir Ivanovich Panteleyev,
	The pioneer in production of medical ozone generators in Russia
	Ozone Therapy Practice
	Ozone therapy – a modern high performance medical technology of using medical ozone for the purpose of health promoting effect. It is notable for a wide range of nonspecific activity in numerous widespread diseases, such as atherosclerosis, ischemic heart disease, hypertensive disease, diseases of the respiratory system, digestive system, dermatovenerology diseases, surgery, obstetrics and gynecology diseases, neurologic pathology, infectious diseases and so forth.
	The ozone therapy has a wide range of effect, exercises the bactericidal, virucidal, fungicidal, immunomodulatory, antihypoxic, desintoxicated effects, is well tolerated and practically has no side effects. The use of medical ozone reduces terms of treatment, decreases the number of mortality cases and disability status scale.
	Among the three chosen medical gases with their chemical properties being in stark contrast – ozone, xenon and other inert gases, hydrogen is the last one showing exceptionally reducing properties in biochemical reactions. As one may see below, the spectrum of physiological activity of hydrogen is as wide as the spectrum of oxidizing agent ozone or inert gas xenon. Researching physiological activity of hydrogen has started comparatively recently. However, data base concerning mechanism of hydrogen action and its clinical application is constantly growing and has been showing explosive growth within recent ten years [1]. History of researching of biological role of molecular hydrogen started in the end of nineteenth century after they found that soil microbes absorb H2 [2]. Now it is definitely determined that molecular hydrogen can be absorbed or disengaged by microorganisms and it serves as a source of supporting their vital activity in anabiosis during millions of years [3], [4]. Moreover, thermophylic hydrogen absorbing bacteria LUCA (last universal common ancestor), having dwelled in waters of the Global ocean about 3-4 bln. years ago, are considered to be the last common ancestors of all forms of life, dwelling on Earth nowadays [5]. However, up to the middle zero years of this century microbes’ ability to oxidize molecular hydrogen was considered to be a unique property of prokaryotes, similar to process of nitridation with nodule bacteria. Possibility of chemical reactions with participation of molecular hydrogen in eukaryotes of an organism and, consequently, potential physiological activity of hydrogen were not taken into account, as molecular hydrogen at room temperature enters into a reaction only with highly active metals or halogens (fluorine in darkness or chlorine in the light). Relative inertness of hydrogen in physiological temperature diapason is explained by the fact that molecules of hydrogen are rather stable and activation reaction threshold H2→2H  = 432 kJ/mole needs to be overcome in order to make hydrogen be reactive. This reaction threshold must be overcome either with catalyst or being heated to 400º C. The first assumption that molecular hydrogen can metabolize in an animal’s organism, showing antioxidant properties, was made in [6]. However, researches of hydrogen as natural antioxidant were actually started with publication by Ohsawa and co-authors [7]. Their work shows that hydrogen is absorbed with brain tissues in rats and it decreases reperfusion injuries in focal ischemia model. The authors suppose that hydrogen reacts with cytotoxic radicals of oxygen and therefore prevents oxidative stress and brain tissue injuries. Later the conclusions of the cited paper were confirmed in numerous biochemical and clinical researches. At present therapeutic effect of hydrogen has been proven and is supposed for widest spectrum of diseases (Fig. 1).
	One of objections regarding application of antioxidants as therapeutic agents in infectious diseases is that phagocytes use superoxide-anion-radical and hydrogen peroxide for destructing bacteria. The data specified in paragraph “Hydrogen – unique natural antioxidant” show that antioxidant effect of hydrogen molecules does not impact ROS-dependent molecular mechanisms of inborn immunity. On the contrary, experimental researches showed that inhalation of 2% hydrogen within 1-6 hours after surgery dramatically decreased lesion of internals in polymicrobial sepsis in mice, caused by ligation and puncturing of cecum [63]. Biochemical tests [64] showed that hydrogen suppressed migration of molecules of cellular adhesion (VCAM-1), inter-cellular adhesion (ICAM-1) and anti-inflammatory cytokines - TNF–α, interleukin (IL), -1β TNF-α, IL-β and cytokine mediator (HMGB1). Besides, hydrogen increased level of anti-inflammatory cytokine IL-10 in endothelial cells of human umbilical vein and lung tissue of mice with sepsis. They suppose that the reason of decrease of vascular lesions and inflammation effected by molecular hydrogen is activation of transcription factor Nrf2 with further induction of expression of antioxidant hemoxigenase-1 (HO-1), which is an essential element of protection of vessels from inflammation. Similar results were obtained in another model of parasitic disease of liver in mice with schistosomes. Sick animals were placed into a vacuum chamber with pressure 8 atm., 77,5 % hydrogen, 2,5 % oxygen, for two weeks. For control they used sick animals placed in hyperbaric helium atmosphere. Hydrogen atmosphere showcased considerable protection effect with regard to liver trauma, particularly: fibroses lowered, hemodynamics improved, activity of NO-synthase increased, activity of antioxidant ferments increased, level of lipid peroxides and circulating TNF-α decreased [65].
	Atherosclerosis may be a reason of ischemia and hypoxia of a kidney. It causes kidney vessel patency obstruction. Kidneys are very sensitive to failures of blood supply. For instance, even 50% lesion of one of the arteries, supplying this organ, leads to ischemia and kidney dysfunction. Lesion of aorta in the area of abdomen as well as of kidney arteries may become a provoking factor for this pathology.
	The authors conducted modeling of kidney ischemia [66] with bilateral occlusion of renal hilum in a rat for 45 minutes and following reperfusion within 24 hours. After the mentioned period of reperfusion they took blood for a test from lower peritoneal vena cava. Blood urea nitrogen (nitrogen containing in final products of protein metabolism, urea in particular, BUN) and creatinine (Cr), oxidative stress markers of malondialdehyde (MDA) and levels 8-Oh-2’-deoxyguanosine (8-OhdG), tumor necrosis factor TNF-a, interleukins IL-1b, IL-6, myeloperoxidase (MPO) levels increased rapidly, whereas superoxidedismutase (SOD) and catalase (CAT) levels considerably decreased. Intraperitoneal administration of hydrogen-enriched NSS (13,5 ml/l) to the animals 5 minutes before ligation statistically validly lowered deviance from norm of the above specified values (see Fig. 12).
	
	Axis of abscisses nomenclature: sham- imitation of occlusion of renal hila + administration of NSS before imitation; I/R – kidney ischemia/reperfusion + NSS before occlusion; I/R + H2 – kidney ischemia/reperfusion + hydrogen-enriched NSS before occlusion; I/R + H2 – kidney ischemia/reperfusion + nitrogen-enriched NSS before occlusion. The figure was drawn on the ground of graphic material borrowed from [66].
	Nephroprotective effect of hydrogen enriched water can be explained, according to the authors, by decrease of oxidative stress in kidneys during reperfusion. Hydrogen’s protective effect is cross functional for every organ. Data concerning neuroprotective [35], cardioprotective [67], hepatoprotective [68], muscleprotective [69] effect, which were also obtained in models of ischemia/reperfusion and in model of neonatal hypoxia/ischemia, support this fact [70].
	Chronic inflammatory diseases are negative prognosis in case of kidney failure if choice of medicament treatment is very limited. Taking this fact as well as the data about anti-inflammatory effect of hydrogen into consideration, the authors [71] conducted long-term experiment of clinical results of hydrogen administration into dialysis contour by way of modifying preparation process. Final concentration of hydrogen in dialytic fluid equaled 48 ppb. 21 patients were examined in the course of the experiment. They underwent procedures of hemodialysis three times a week. Myeloperoxidase and monocytic chemoattractant protein MCP-1 were used as inflammation indicator in the vessels. Average values of both parameters in the course of the procedures decreased for ~ 10%, with probability P<0.05 and P<0.01 correspondingly. Another important result of administration of H2 into the dialytic fluid was considerable lowering of arterial pressure after finishing the procedure (Fig. 13).
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