Biochemistry (Moscow), Vol. 67, No. 2, 2002, pp. 161170. Translated from Biokhimiya, Vol. 67, No. 2, 2002, pp. 194204.
Original Russian Text Copyright © 2002 by Goldstein.

REVIEW

Reactive Oxygen Species
as Essential Components of Ambient Air
N. Goldstein
Goldstein & Lewin Technology GmbH, MedicoBiological Department, Kastanienweg 23, 14532 Stahnsdorf, Germany;
fax: + 49 30 28390251; Email: proinhal@mail.ru
Received June 5, 2001
Revision received July 12, 2001
–

Abstract—In this review evidence for the presence of the anion radical O•2 in atmospheric air is considered, and the biologi
cal activity of superoxide and negative air ions is compared. Various aspects of the biological effect of superoxide and other
reactive oxygen species contained in air at the cell, tissue, and organism levels are discussed. The results of the therapeutic use
of exogenous gaseous superoxide and low doses of H2O2 for the treatment of bronchial asthma, pain, and Parkinson’s disease
are reported. A hypothesis on the mechanism of physiological action of exogenous reactive oxygen species is discussed.
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During evolution, the high oxidizing ability of oxy
gen led to selection of cells that can use the advantages of
aerobic metabolism. Until recently, it was believed that
cells have to pay for such energy supply by development
of complex mechanisms of tolerance to the toxic inter
mediate products of oxygen reduction. The first of these
–
products is the superoxide radical, O•2 . According to the
modern free radical pathology concept, the damaging
effect of oxygen is associated predominantly with the
reactive products of its further transformations (hydro
gen peroxide H2O2 and hydroxyl radical •OH), singlet
oxygen 1O2, and the radicals produced during degrada
tion of lipid hydroperoxides rather than with superoxide
[14]. In terms of this insight, it is believed that “com
–
plete scavenging of the O•2 radical is the best possible out
come” to retain cell integrity [5]. However, after three
decades of intensive studies, one of the authors of the
concept of oxygen toxicity, McCord, accepted that
“superoxide causes not only adverse changes” [5] and
–
that our understanding of different aspects of O•2 action
remains incomplete. Now another working hypothesis is
Abbreviations: ACTH) adrenocorticotropic hormone; ROS)
reactive oxygen species; DABCO) 1,4diazobicyclo{2,2,2}
octane; MAOA and MAOB) monoamine oxidases A and B,
respectively; MPTP) 1methyl4phenyl1,2,3,6tetrahydropy
ridine; NBT) Nitro Blue Tetrazolium; NAI) negative air ions;
LPO) lipid peroxidation; SOD) superoxide dismutase; GS)
gaseous superoxide.

becoming most common. According to this hypothesis,
“in a healthy cell the optimal balance exists between
superoxide production and superoxide scavenging”
–
(ibid). If this is true, then O•2 production during metabo
lism should be considered not only as an undesirable
phenomenon, but also as a reflection of an evolutionally
formed requirement of the organism. Trying to deter
mine the preconditions of occurrence of this require
ment, researchers have given attention to electrically
charged molecules of gases, socalled air ions, which are
contained in the atmosphere [68].
The main insights on the biological activity of air
ions were formed in the first third of the XX century [9,
10]. The attitude to this environmental factor has under
gone a series of metamorphoses from determination of a
broad range of biological action of air ions and the eupho
ria of the 1960s caused by the possibilities of their medical
use to negation of their biological role and almost com
plete oblivion. However, convincing evidence for physio
–
logical activity of the anion radical O•2 of atmospheric air,
which determines the biological effects of negative air
ions (NAI), have been found during recent years [11].
Thus, independent at first glance directions in biology—
–
study of the functions of superoxide O•2 and other reactive
oxygen species (ROS) and study of the biological role of
air ions—became closely related. Novel insights on the
role of oxygen radicals in the vital function of organisms
have been formed at the interface of these and other fields
of science.
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SOURCES AND COMPOSITION
OF NAI (BASIC INFORMATION)

The first descriptions of the biological effects of
atmospheric electricity were apparently made by the
Russian naturalist prince D. Golitsyn (1778, cited
according to [12]) and the French abbey Bertholon [13].
More that 100 years had passed before the material carri
ers of the atmospheric electricity—gas ions carrying a
positive or negative charge—were discovered [14, 15]. For
this reason, the term “air ions” and the biological effects
of the latter are usually associated with the electric prop
erties of these particles [12].
The occurrence of atmospheric ions in nature is
caused by the action of natural ionizers, mainly cosmic
rays and radioactive sources in the soil and air. In the
upper atmosphere, processes of photoionization also take
place. However, the role of photoionization and electric
discharges in the formation of air ions in ambient air is
insignificant. During ionization, air ions of both signs are
formed in the atmosphere. The average frequency of pro
duction of positive and negative ions is approximately 10
ions/cm3/sec [16]. Near the Earth’s surface, the steady
state concentration of air ions in 1 cm3 of pure air is about
1,000 ion pairs. At some resorts, this parameter can reach
3,000, whereas in industrial centers the content of air ions
drops to 300 and less. Owing to negative polarity of the
electrical field of the atmosphere, the number of positive
ions is higher than the total number of negative ions on
average by 20%.
During generation of artificial air ions, air is ionized
by one or several spot coronary discharges from a nega
tively charged point. This is the principal difference
between the generation of natural and artificial air ions.
In atmospheric air, which is ionized mainly by radioactive
factors, the latter are distributed sufficiently regularly in
the gaseous environment, whereas artificial ionization of
gases during coronary discharge results in the local for
mation of exited and ionized products near a highvoltage
electrode. The composition of produced gaseous ions also
significantly differs. Is was shown that the major products
of gas ionization produced by radioactive αsource
–
involve socalled “light” ion O•2 and its clusters
–
•
O2 ·(H2O)n, where n = 1...3. The minor ionization prod
ucts occurring under these conditions are ions NO2–,
NO3–, HCO3–, and their clusters with water (Huertas and
Fountain, 1983; cited according to [16]). Conversely, the
main products of faint coronary discharge involve the
–
ions NO2–, NO3–, and their clusters, whereas O•2 ions were
not found at all. Mathematical calculations are also
indicative of the possibility of predominant formation of
hydrated clusters NO3–·(H2O)n and HCO3–·(H2O)n [17,
18]. However, this does not mean that during coronary
discharge it is principally impossible to obtain negative
–
oxygen ions O•2 , which are the most interesting in the
context of this review and which exert some favorable

effects on humans and animals. In general, the pool of
these particles may contain ions and ion radicals, such as
–
–
–
–
O•, O•2 , O3•, O4•, NO2–, NO3–, CO4–, and –OH, as well as
their hydrated clusters of the type (ion)·(H2O)n [16, 19
22].
Apparently, the concentration of natural air ions in
the air is very small. Given that the total content of mol
ecules in 1 cm3 of air is about 3·1019 and that the concen
tration of air ions is 3·103, one air ion occurs for each 1016
neutral molecules [23]. It was shown that the damaging
effect of air ions on E. coli is 8fold lower than that of
ultraviolet and 700fold lower than that of Xray irradia
tion [20]. In higher organisms, NAI effects are realized
mainly via different physiological responses. The contra
diction between the low energy potential of NAI and their
effect on vital function attracts the attention of
researchers. It was assumed that physiological mecha
nisms of amplification of air ion signaling exist and that
the physicochemical properties of these particles rather
than their electric charge determine their biological activ
ity [7, 8].
–

NAI AND SUPEROXIDE RADICAL O•2

The interest generated in recent years around neg
ative oxygen ions contained in atmospheric air is asso
ciated with the fact that one of these is the anion radi
–
cal O•2 [24], which is well known from biochemical
studies of cells and tissues. Further studies showed that
it is the gasphase superoxide of atmospheric air (here
after GS) that plays a key role in the biological activity
of NAI. This finding was made possible due to the
design of a GS generator that produced artificial ions
of the main atmospheric gases and their mixtures, and
to study them in biological experiments, and to inves
tigate the products of ionization in condensed media,
such as aqueous solutions, aprotic solvents, and tissues
in vitro and in vivo [7, 11, 24, 25]. It was shown that in
–
aprotic organic solvents, where the lifetime of O•2 is
higher than in aqueous solutions, superoxide produced
in the gas phase oxidizes adrenalin to form
adrenochrome, and in water solutions it reduces
cytochrome c and NBT yielding hydrogen peroxide
[24]. Later, hydrogen peroxide was found in the prod
ucts of air ionization obtained with the use of a so
called Tchijevsky chandelier [26].
The major primary products of gas ionization are
free electrons, which in aqueous medium form hydrated
electrons e–aq and account for up to 40% of the reducing
equivalents produced during mild ionization of the main
air gases (nitrogen and oxygen). The processes proceed
ing in the course of nitrogen ionization and blowing the
products into oxygen can be described by reactions (1)
and (2) in gas phase and reactions (3) and (4) in aqueous
phase [3]:
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N2 → N2+ + e– ;

(1)

–

e– + O2 → O•2 ;

(2)

e– + H2O → e–aq ;

(3)

–

e–aq + O2 → O•2 .

(4)

The involvement of hydrated electrons is confirmed
by introducing into the medium nitrous oxide (N2O) that
can react with e–aq, thus preventing NBT reduction [24]. It
was shown that NBT reduction by hydrated electrons in
the absence of oxygen is not inhibited by SOD [11]. By
varying the conditions, it is possible to achieve prevalence
of lowenergy electrons with energy of ≤42 kJ/mol, which
as a result of collisions “stick” to oxygen molecules,
yielding GS free from other negative molecular ions and
byproducts (ozone and nitrogen oxides). In atmospheric
air, alternative processes with the participation of “hot
ter” electrons with energies of ≥360 kJ/mol also take
place.

CELL AND TISSUE EFFECTS
–
OF EXOGENOUS O•2
The decrease in the number of bacteria in artificially
ionized air first described in the early works of Tchijevsky
[12] was confirmed in numerous hygienic studies (for
reviews, see [23, 27]). It was shown that suppression of
growth of bacterial colonies is possible at the concentra
tion of artificial air ions higher than 5·104/cm3. In most
cases, the bacteriostatic or lethal effect on microorgan
isms did not depend on the charge of air ions. The possi
ble reasons for nonspecific effects of air ions on microor
ganisms involve the toxic effects of gas ionization byprod
ucts (e.g., ozone) or the products of interaction of air ions
with the minor air contaminants, as well as the effects
associated with cell agglutination in strong electrostatic
field or as a result of electrical interaction of cells with
charged gas particles [23].
The first experimental attempt to determine the rela
tionship between the bacteriostatic effect of NAI and
superoxide chemical activity gave an unconvincing result
[28]. Later studies demonstrated the enhancement of
lipid peroxidation (LPO) in cells and the association
between LPO enhancement and suppression of growth of
bacterial colonies induced by GS and other ROS [11].
Cultures of bacteria and fungi (Staphylococcus aureus, St.
epidermidis, E. coli, Bacillus subtilis, Proteus vulgaris,
Klebsiella pneumoneae, Pseudomonas aeruginosa,
Salmonella typhimurium, and Candida albicans) were used
as test objects. Catalytic amounts of SOD significantly
increased the suppressive effect of GS, whereas catalase
almost completely abolished it. Singlet oxygen scav
engers—sodium azide and DABCO—had no effect on the
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culture growth and accumulation of lipid peroxidation
products. These data were considered as evidence for the
absence of biologically significant amounts of 1O2 in the
pool of exited and ionized products of gas ionization and
a possible association between the cytotoxic effects and
formation of hydrogen peroxide (the product of sponta
neous and SODdependent superoxide dismutation) or
hydroxyl radical [11]. The cytotoxic effects of gaseous
superoxide are manifested only at sufficiently high inten
–
sities of the factor (at O•2 generation rate reaching units of
micromoles per minute). Conversely, when the intensity
is 3 to 4fold lower than cytotoxic, cytoprotective effects
of superoxide can be observed (e.g., in Saccharomyces
cerevisiae cells that underwent rehydration stress or were
exposed to pure oxygen) [29].
It should be noted that the majority of studies of bio
logical effects of NAI on the cell and tissue levels that
were performed in 1960s through 1980s are descriptive,
and the results of these works are not consistent with two
current hypotheses of the action of air ions on living
organisms (the organic electroexchange hypothesis of
Vasil’ev and Tchijevsky [10, 12] and the serotonin
hypothesis of Krueger [3033]). These effects, however,
–
are surprisingly reminiscent of the cell effects of O•2 and
hydrogen peroxide known from biochemical studies. For
example, NAI increase the locomotor activity of trachea
ciliary epithelium [33], and ROS produced in the xan
thine–xanthine oxidase reaction increase the pulsation
frequency of bovine trachea cilia [11]. These responses
can be compared with superoxide stimulation of the evo
lutionally related spermatic filaments. Similarly to “bio
chemical” superoxide, NAI stimulate fibroblast division
[34], and GS stimulates division of pancreatic insulin
producing cells in vitro (Goldstein, unpublished data). It
was shown that the cell and tissue effects of exogenous
ROS could always be modified by the addition of test
enzymes SOD and catalase [11].
Study of the sensitivity of taste bud chemoreceptors
showed that local applications of GS decrease the gusta
tory stimulus threshold [11]. We believe that these effects
are associated with the local influence of GS on serotonin
metabolism or with the activation of substance P
dependent system participating in the realization of
trophic effects on the sensitive neurons of the gustatory
apparatus. The effect of local applications of NAI on
serotonin exchange in the trachea and bronchus tissues of
animals was first discovered in the laboratory of Krueger
[32, 33].
Another example of similarity of cell responses to
“metabolic” superoxide and GS is macrophage chemo
taxis. It is believed that the major chemoattractants in
developing inflammation focus are inflammation media
tors (e.g., leukotriene B4), with ROS either stimulating or
depressing this process [35]. It was revealed that GS alone
could cause chemotactic responses of mouse peritoneal
macrophages in vitro [11]. It was also shown that the
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effect of GS on rat skin wound surface in vivo accelerates
wound healing, especially the reparative stage (ibid).
Thus, this effect of GS is similar to that of NAI, whose
stimulatory effect on wound healing was described earlier
[12, 36].

SYSTEMIC EFFECTS
OF NAI AND GS ON ANIMALS
The effect of air ions on mammals is realized pre
dominantly via the respiratory system. For a long time it
was believed that these particles can penetrate into the
lungs and transfer the electric charge of ions on the cell
elements and colloid compounds of blood [10, 12, 37].
This notion, however, does not account for the known
facts of predominant involvement of the CNS in the
physiological effects of air ions [3846]. Later it was
found that the inhaled air ions do not penetrate into the
deep parts of the respiratory tract and lose their charge in
the nasopharynx area [47]. In view of these and other new
data, the hypothesis of Vasil’ev and Tchijevsky is now
considered incorrect [47].
–
The presence of superoxide ion O•2 in atmospheric
air explains various aspects of the biological activity of
–
NAI from new points of view. The high reactivity of O•2
and short lifetime of the radical in the aqueous medium of
nasal cavity mucosa, where the majority of various recep
tors are located, support the hypothesis that chemical
–
activity of inhaled O•2 may be realized already at the level
of nasal cavity mucosa receptors [11]. According to this
hypothesis and with regard for the short lifetime of the
radical in the aqueous medium of respiratory tract
mucosa, the postulated penetration of NAI [10, 12] and
–
O•2 (see below) in the internal environment is excluded a
priori. In view of this, the biological effects of NAI and
GS are considered as the result of modulation of the
activity of the nervous centers and structures of the brain,
which are anatomically and functionally connected with
nasal chemoreceptors. It is known that nasal cavity recep
tors are connected with the sensor entrances of the main
subcortical center of neurohumoral regulation, the hypo
thalamus [48]. The receptor neurons of human and ani
mal vomeronasal organ, which is now attracting increas
ing interest, have especially close morphological and
functional connections with the hypothalamus [4955].
The excitation of the sensor neurons of these recep
tor structures accounts for the structural changes occur
ring in the hypophysis nuclei caused by inhalation of air
ions [56] and structural changes in the adeno and neuro
hypophysis induced by GS inhalations [11]. It was found
–
that after several inhalations of O•2 , the number of hor
moneproducing adenocytes (especially adrenocorti
cotropocytes and thyrotropocytes) in the adenohypoph
ysis increases. An interesting exception to this finding is
represented by the prolactinproducing cells, whose

number considerably decreases. The increase in ACTH
production is reflected in the stimulation of cortisol
secretion in patients with bronchial asthma who were
treated with GS inhalations [57, 58]. The activation of
thyrotropic function may account for the energy metabo
lism activation after NAI inhalation [59], whereas the
depression of lactotropic function partially explains the
mechanisms of activation of the dopaminergic system of
the brain [11, 60]. Functional activation after NAI and
–
O•2 inhalations was also detected in the neurohypophysis,
whose secretion elements are represented by the process
es of neurons of the supraoptical and paraventricular
nuclei of the hypothalamus [11, 56].
The abovelisted examples show that functional
changes in the organism induced by GS inhalations can
account for the majority of NAI effects. The activation of
the hypothalamic–pituitary complex and increase in
ACTH secretion, which may result in the increase in the
sensitivity of the hypothalamic neurons to the signals and
shortened latent periods of responses, are considered as
one of the major physiological mechanisms underlying
the effect of GS on animals. A similar mechanism was
proposed for NAI [47]. The validity of this hypothesis
was confirmed by the finding that the temporary thresh
old of smell perception by volunteers decreases on com
bined administration of GS inhalations and smell stimuli
[61].
Besides the hypothalamus and hypophysis, other
morphological structures and biochemical systems of the
brain are involved in the responses to endonasal applica
tions of ROS. One of the “traces” of GS action was
detected in the basal ganglia, which are functionally con
nected with the hypothalamus and represent the subcor
tical link between the association and motor areas of the
brain cortex. Along with the hypothalamus, the basal gan
glia are involved in the complex formation of the motor
and association responses to algetic stimuli. In view of
this, it is interesting to recollect that even at the end of
1950s and the beginning of the 1960s some pain relief in
patients who received NAI inhalations after surgical
operations was described [62]. Explanations for this phe
nomenon were not suggested. However, it was assumed
that the observed effects could be associated with the
combined physiological action of residual amounts of
analgesics in blood of the patients and superoxide con
tained in NAI [25]. This assumption was corroborated by
the finding that GS inhalations, as well as endonasal
applications of diluted solutions of hydrogen peroxide
enhance the analgesic effects of threshold doses of pain
relieving medicines in animals and humans [11, 25]. This
phenomenon does not depend on the nature of the anal
gesic and may be associated with the biochemical mech
anisms of pain perception and relief, especially with the
modulation of activity of the serotonergic system and
activation of endogenous opioid production. The evi
–
dence for the role of the free radical nature of O•2 in the
BIOCHEMISTRY (Moscow) Vol. 67 No. 2 2002
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formation of physiological responses of nasal cavity
receptors was also found.
It was shown that endonasal applications of ROS
suppress lipid peroxidation, decrease MAOA and MAO
B activity in the basal ganglia and hypothalamus region,
and increase dopamine content in the striatum and sub
stantia nigra [11, 60]. This can apparently explain the
reduction of oxidative stress and restoration of disturbed
behavioral responses as well as neuroprotecting and
trophiclike “neurorescue” effects of exogenous ROS in
animals that received large doses of reserpine or the neu
rotoxin MPTP. It is known that these xenobiotics can
cause Parkinsonismlike symptoms in animals. It was
assumed that inhaled exogenous ROS activate the
endogenous inhibitors of monoamine oxidases.
The adaptogenic properties of NAI and GS can be
referred to the systemic effects of these exogenous com
pounds. Similar effects of NAI were described long before
the occurrence of the terms “adaptogen” and “stress”.
The studies of Vasil’ev and his school corroborated the
adaptogenic effect of NAI in the increase in the tolerance
of organisms to hypoxia, anaphylaxigens, infectious
agents, and some physical factors [63]. Reviews of these
works have been published [6466]. Later, the adapto
genic effects of GS inhalations directed against the toxic
action of hyperbaric and normobaric oxygen as well as
pharmacological agents were shown [11]. The adapto
genic properties of GS are characterized by nonspecifici
ty, which is typical of natural and synthetic adaptogens
[67]. With respect to adaptation to hyperbaric oxygen, the
effect of GS is more pronounced than that of the well
known adaptogen eleutherococcus [11]. The develop
ment of responses to the inhalations of superoxide (ani
mal survival, changes in behavioral responses, summa
tionthreshold parameter, peroxidation stress, etc.) can
be described in terms of general stress syndrome, which
refers GS (and NAI as a whole) to natural environmental
stress agents. This, in turn, may be indicative of the exis
tence of resistance to the action of these factors. Thus,
artificial NAI at concentrations close to the natural back
ground do not affect the level of antioxidative protection
of the organism, whereas GS and artificial NAI at high
concentrations reduce the intensity of oxidative stress in
vivo [11]. This is suggestive of the possibility of forming a
systemic structural adaptation trace (which is characteris
tic of other sufficiently mild stress factors [6870]) and
using the exogenous ROS for cross adaptation to the
action of adverse factors. By analogy with the mecha
nisms of adaptation to other stress factors, hypothalamic
MAOdependent reactions may be involved in CNS
adaptation to exogenous ROS [7173]. In terms of adap
togenic action of exogenous ROS, the induction of
antioxidant protection by superoxide may be considered
as a component of adaptation process. With regard for the
fact that oxidative stress is a common stage in pathogene
sis of different diseases, the adaptive activation of antiox
BIOCHEMISTRY (Moscow) Vol. 67 No. 2
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idant systems may be used for increasing the resistance of
an organism to the action of different damaging agents.

THERAPEUTIC EFFECTS OF NAI AND ROS
The therapeutic action of NAI has been repeatedly
discussed in the literature [23, 74]. The use of NAI
inhalations for treatment of respiratory organs, endocrine
and vegetative nervous system disorders, rheumatism,
hypertension, and stomach and duodenal ulcer, and other
conditions was described in the monograph of Tchijevsky
[12]. These data were confirmed by the works of Bulatov
[75, 76], Finogenov [77], Jones et al. [78], Jorde and
Schata [79], Graenz et al. [80], and other researchers (see
reviews [65, 66, 8183]). A good therapeutic effect is
described by Yates et al., who were the first to use NAI for
treating hyperactive children and those suffering from
autisms [84].
Similarly to physiological effects, many therapeutic
effects of NAI may be associated with the hypothalamic
responses, which is especially clearly manifested in
humans with elevated meteorological sensitivity [85].
Note that the expression of therapeutic effect often
directly depends on the extent of dysfunction. For exam
ple, when treating patients with asthma, GS were most
effective in those with higher severity of disease [11].
Successful treatment of patients with bronchial asthma is
a good example of therapeutic efficacy of GS. The use of
NAI for treatment of this disease has been known for a
long time [12, 75, 76, 79, 86]. Importantly, chronic
inflammatory process in the bronchi and lungs play a key
role in the pathogenesis of bronchial asthma [8789]. In
clinical trials in adults and children it was shown that GS
inhalations subjectively and objectively improve the status
of the patients, which is manifested in reduction of
endogenous oxidative stress, bronchial hyperreactivity
and the amount of phlegm, as well as in less frequent asth
ma attacks [57, 58, 90, 91]. It was discovered that GS
exerts higher therapeutic efficacy than NAI. For example,
clinically comparable results were obtained at total expo
sure to GS for about 3.5 h and the recommended course
of NAI inhalations of 5 to 27 h [76, 86].
Predominantly two physiological mechanisms of the
therapeutic effect of GS on patients with asthma are dis
cussed in the literature. The antioxidant system training
and decrease in the oxidative stress, which are caused by
local effects of hydrogen peroxide produced from GS and
working at the level of deep parts of the bronchial tree, are
considered as the main mechanism. If this is true, the
available data do not confirm the known apprehension
that hydrogen peroxide may exert spasmogenic effect on
bronchus smooth muscles [92]. Probably, the absence of
spasmogenic effect in the course of GS inhalations can be
explained by the extremely low concentration of H2O2
formed during superoxide dismutation. The other mech
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anism may be associated with the activation of antiin
flammatory endogenous systems (in particular, with acti
vation of cortisol production) and can be realized via
reflex response mediated by nasal cavity receptors. In
both cases, the responses of the organism to GS inhala
tions are realized in the form of induction of adaptive
mechanisms. Similar responses are observed during for
mation of hormesis mechanisms [93]. The latter compar
ison may be useful for understanding the peculiarities of
the effect of GS at the wholebody level.
Another area of application of exogenous ROS is
pain relief. It was shown that antinociceptive effect of
analgesics can be potentiated not only by combination of
NAI inhalations with injection of narcotizing analgesics
(as described in animals (see above)), but also in the case
of enteral administration of analgin, diclofenac, and
aspirin to humans [25, 94, 95]. The effect of exogenous
ROS on the algetic sensitivity system can be realized via
activation of the sympathoadrenal system and stimulation
of endorphin synthesis [96]. The activation of neuro
transmitter systems (primarily, serotonin and dopamin
ergic) also may play a certain role [11, 38, 97, 98]. The
data published in the literature on the role of serotonin
and dopamine in pain perception corroborate this
assumption [99102].
It was shown that GS inhalations suppress MAOA
and MAOB activity in the hypothalamus and basal gan
glia of the brain [11], whose pathological changes underlie
Parkinson’s disease [103]. The data on chronic pain and
olfactory disorders that accompany Parkinson’s disease
even at the early stages of its development (often before
occurrence of other clinical signs) [104106] are indicative
of certain association between the physiological structures
and neuromediator processes involved in the development
of this disease and in pain perception. The results of stud
ies performed in patients with Parkinsonism confirmed
the therapeutic efficacy of ROS. Clinical improvement
due to administration of ROS inhalations to these patients
was expressed as the decrease in Parkinsonian tremor and
muscular rigidity, improvement of vegetative symptoma
tology (face sebum secretion and sialorrhea) and mimics,
and in alleviation of depression [11].
Physiological effects of NAI are also manifested in
practically healthy humans exposed to functional loading
and experimental stress. For example, Baron showed that
in male volunteers the inhalations of NAI at moderate
concentrations increase memory volume and perform
ance of the proof text [43]. It was also found that NAI
inhalations improve the performance of psychomotor
tasks and increase the productivity and quality of work
[107, 108].
At the same time, some authors skeptically estimate
not only the therapeutic effect of NAI, but also the very
fact of their biological activity [74, 109111]. It should be
taken into account that a considerable part of the skepti
cal works had methodical problems associated with NAI

generation and delivery of ionization products to the
nasal cavity receptors. However, later studies performed
with the use of GS confirmed many results obtained ear
lier with the use of NAI, and novel biological and thera
peutic effects of ROS were discovered. At least some of
these effects can be reproduced using endonasal applica
tion of hydrogen peroxide. This is considered as evidence
for commonness of the factor acting in both cases [11].

GS AND HUMAN ENVIRONMENT
Air is the most general environment with which
humans come into contact. In view of this, ambient air
sanitation is a key problem of hygiene. Despite constant
interest in air ions, their biological importance as a natu
ral ambient air factor was often called in question. We
already noted that this attitude was provoked mainly by
the methodical problems in a considerable part of the
published works in this field, including inadequate ways
of generation of gas ions, absence of the data on their
identification and dosimetry, and underestimation of the
role of lossfree delivery of ionization products to the
examined objects (see reviews [109, 110]). Some critical
works had other experimental shortcomings, such as gen
eration of byproducts (ozone and nitrogen oxides) by the
majority of air ionizers and the absence of monitoring of
the composition of gas medium, temperature, and air
humidity [112]. These circumstances and extremely low
content of air ions in the atmospheric air were reasons for
the skeptical attitude to air ions as a biologically impor
tant environmental factor [74, 109111].
At the same time, it was reported that after a long
term indoor stay without natural ventilation of air in com
pliance of the hygienic standards of the main ambient air
parameters (carbon dioxide, water vapor, and oxygen
concentration), humans feel worse [12]. This finding
indirectly confirms the physiological need for air ions. It
should be noted that one of the factors promoting the
reduction of air ion content in rooms is air conditioning
[113]. It was found that people working in conditioned
rooms more frequently complain of unsatisfactory state of
health, increased fatigue, sensation of stuffiness, and fre
quent headaches [114]. Similar symptoms are observed in
socalled sick building syndrome [115]. It was also dis
covered that people who stay in conditioned rooms for a
long time more frequently fall ill with influenza, acute
catarrh of the upper respiratory tract, and heart diseases.
The described changes are the most pronounced in the
workers of special industries (for example, microchip
manufacturing), where a complex of factors that promote
GS elimination is most complete [116]. Some studies
showed the advisability of the use of artificial NAI to
increase work efficiency of people under conditions of
insufficient supply with natural air ions [117, 118]. An
interesting report was made by Reberg, a participant of
BIOCHEMISTRY (Moscow) Vol. 67 No. 2 2002
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the Soviet Space MedicoBiological Program of the
1960s. During the ground tests of chambers for mice and
rats with adequate supply with food and monitored living
conditions, an unexplained mortality of the majority of
animals was observed (Reberg, personal communica
tion). Later, these phenomena and facts were explained
by the deficiency of GS in the inhaled air.
Convincing evidence of the need for GS by animals
was obtained under conditions of complete elimination of
this factor from the inhaled air [11, 119]. It was found that
GS deprivation caused 100% death of mice and rats with
in 1623 days. The early pathological changes involve the
suppression of behavioral responses and grooming,
reduction in skeletal muscle tonus, disturbance of coordi
nation of movements, development of conjunctivitis,
refusal of food and water, loss of weight and a significant
part of hair, and deterioration of enzymatic antioxidant
protection of tissues. When studying the internals,
marked erosive changes and ulcers in gastric mucosa and,
in most cases, complete involution of the thymus were
observed (ibid). Electronmicroscopic study of rat
hypophysis by day 10 of deprivation revealed degenera
tion of the majority of adenocytes and nerve termini of
the neurohypophysis, which reflects the condition of pro
nounced functional exhaustion of the gland (hypophysial
cachexia). Usually the occurrence of this syndrome is
associated with such stress factors as immobilization and
cold, whose longterm action may cause death of animals
[120]. Complete GS deprivation was the only and con
trollable stressor in the abovedescribed study. Prevention
of animal death resulting from shortterm interruption of
deprivation by adding GS to the experimental camera
confirms the vital role of GS. These results allow the
interpretation of the known facts of pathological action of
socalled “air ion dearth” [12, 121, 122] from modern
positions.
With regard for the abovelisted data, the question on
expediency of compensation of NAI and/or GS shortage
by artificial ionization of indoor air has been repeatedly
discussed [12, 113, 114, 123, 124]. In view of this, domes
tic coronary air ionizers have received wide acceptance.
In Russia, the socalled Tchijevsky chandelier is most
popular now. It is usually emphasized that this chandelier
does not generate “anything except for negative oxygen
ions” [125]. It is known, however, that the coronary
aeroionizers equipped with antennas “account for the
occurrence of high concentrations of hazardous “heavy”
air ions in the rooms” [126, 127]. They are formed as a
result of precipitation in a very strong electrical field of
light ions onto dust particles and/or microorganisms
weighed in the air. The formed electrically charged dust
can precipitate in the lungs more readily than uncharged
dust [27, 64, 123, 128]. For this reason, artificial increase
in NAI concentration in the air of public buildings has
long been recognized as inexpedient [129]. It was also
shown that coronary ionizers cannot generate only light
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air ions (such as O•2 ) [128]. Huertas and Fountain showed
that in the air ionized with the use of a coronary ionizer
–
the negative oxygen ion O•2 is not registered at all (1983,
cited according to [16]). In addition, the concentration of
all air ions rapidly decreases with the distance from the
ionizer oscillators [128]. Obviously, this also pertains to
the electroeffluvial Tchijevsky chandelier. Experimental
data confirming the presence of superoxide radical at the
level of the patient’s head during the use of devices such
as the Tchijevsky chandelier are absent from the available
literature. At the same time, the majority of studies report
the presence of side biologically active factors (such as
ozone and nitrogen oxides) [74, 124, 128] and strong
electrical field with highvoltage pulses of 3070 kV [125].
For this reason, the exposure of patients directly under
the chandelier is forbidden [130]. With regard for these
disadvantages, it was directly intimated [131] that “…the
design of these chandeliers (e.g., the Tchijevsky chande
lier, N. G.) cannot be recognized as rational”.
Another way to compensate for insufficient GS con
tent in ambient air is to use an individual generator of
gaseous superoxide as proposed in [11, 24]. In devices of
this type, GS is produced under mild conditions at a dis
tance of only several centimeters from the patient’s nasal
receptors with a voltage on safe carbonfiber electrodes
10 to 20fold lower than that used in known room air
ionizers. Importantly, the byproducts (such as ozone,
nitrogen oxides, and emission products of metallic elec
trodes) are not produced in this devise. The results of GS
–
study and the evidence for O•2 production and delivery to
the inhalation area that are reported in this review were
obtained using the individual generators of superoxide
[25, 58, 90]. Further studies are required to determine the
expediency of practical application of GS inhalators in
hygiene, preventive health care of different contingents of
working people (for example, in especially clean rooms
and in hermetically sealed volumes), i.e., in all cases of
significant disbalance in air ion composition of ambient
air.
The pool of negatively charged atmospheric ions
–
contains superoxide anion radical O•2 . The effect of this
radical on cells and its biochemical properties are identi
cal to those described for NAI, on one hand, and “meta
bolic” superoxide, on the other. It is beyond question that
GS contained in NAI can affect different aspects of vital
activity of terrestrial organisms. It is known, for example,
that not only animals and microorganisms listed in this
review, but also plants are sensitive to NAI and GS [12,
23]. The considered examples illustrate only some of the
studied properties and biological functions of exogenous
ROS. All these findings confirm the idea of McCord [5]
that our understanding of the role of superoxide remains
incomplete. The evidence for biological multipotency of
ROS and the needs of organisms for GS may reflect the
regularities formed during evolution and enable our
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understanding of a role of free radicals of both exogenous
and endogenous origin in vital function.
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