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Introduction

The review of the literature seems to confirm effects of
negative air ions (NAIs) on several brain functions. Indeed,
a significant association between NAIs exposure and both
wellbeing and high cognitive performances has been described
(1-3].

We performed tests in order to study participation of
nerve centers of the brain, whose exteroceptor afferent input
originates from receptors of the nasal cavity mucosa. The focus
was on the role of hypothalamus and basal ganglia structures
in physiological reactions stimulated by the new-generation
anti-Parkinsonian drug Parkon® [4] (hereafter: Parkon).

The special interest in that regard was the investigation
of MAO regulation in the level of neuromediator monoamines
and their follow-up product - hydrogen peroxide. This product
is created, in particular, in catalyzed by monoamine oxidases
in the process of oxidation of serotonin and dopamine and is
considered to be the main reason for the increase in the level of
lipid peroxidation and destruction of dopaminergic neurons in
the basal ganglia in case of Parkinson’s disease [1].

Gradual neuronal loss develops over a long period of time,
and interrupting this process is an important goal of disease
prevention and treatment. We have previously shown that air
contains natural levels of atmospheric reactive oxygen species,
primarily O,- and H,0, [5] and that low levels of these ROS
are vital environmental factors [6]. This work is based on our

earlier studies of the vital role of nanomolar concentrations of
atmospheric O,- ions and hydrogen peroxide as a product of its
transformations.

A common biochemical model of Parkinson’s disease
in the experiment is MPTP (1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine), which induces oxidative stress and
damage to the structures involved. These processes represent
the main factor in degeneration of dopaminergic neurons of
Substantia nigra pars compacta and formation of dopaminergic
deficit in Striatum. Inhibition and interruption of this process
is the goal of the search for methods of etiotropic prevention
and treatment of oxidative damage and dysfunction of brain
cell structures [7-10].

The goal of this prospective study was to explore a new
approach to therapeutic strategies related to the control of
brain oxidative stress as an etiological basis of Parkinson’s
disease. In this work we schow that endonasal application
of low concentrated hydrogen peroxide as a part of the new
medicine Parkon® normalizes the oxidation stress of the
brain tissue connected by decreasing MAO activity in the brain
tissues. This was proven in the following experiments:

1. Measurement of MAO-A and MAO-B activity in
hypothalamus and basal ganglia;

2. Measurement of the concentration of dopamine and
its metabolites, as well as morphological changes
in Substantia nigra and Striatum, including the role
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played by reactive oxygen species under the influence of
xenobiotics (the pharmaceutical drug Reserpine and the
toxic xenobiotic MPTP (1-methyl-4-phenyl-1,2,5,6-
tetrahydropyridine);

3. Indicators of oxidative stress (malondialdehyde (IMDA)
and conjugated diene) in brain tissue.

The study was conducted on more than 300 healthy
laboratory rats.

Antireserpine action and the activation of monoaminer-
gic systems of the brain

After a continuous administration of Parkon, rats
demonstrated a suppression of MAO-B activity in the
hypothalamus and basal ganglia and MAO-A activity in
hypothalamus, accompanied by the decrease in the level of the
oxidation stress in these structures (Table 1).

Also, it was determined that Parkon decreases the
oxidation stress and normalizes increased MAO-B activity
in the hypothalamus and basal ganglia, caused by the de-
sympathization of the animals (rats, reserpine intraperitoneal,
5 mg/kg once or 2mg/kg thrice), and restores reserpine-
dependent spontaneous motor activity (rats, mice). Similar
effects were noted when inhaling gaseous superoxide 0,%~ or
by nasal spraying of extremely low concentrations of hydrogen
peroxide [1,2]. These results agree with the hypothesis of the
involvement of serotoninergic mechanisms in the reactions
caused by negative air ions and leaning towards the central
physiological mechanisms of actions of ultralow-concentrated
hydrogen peroxide and Parkon [2].

Protection of basal ganglia structures against the des-
tructive actions of MPTP

In experiments on animals, the parkinsonian symptoms
may be induced by the neurotoxin MPTP (1-Methyl-4-phenyl-
1,2,3,6-tetrahydropyridine). The role played by the MAO-B-
dependent destruction of dopamine and oxidative stress in
the nuclei of the basal ganglia of the brain has been previously
demonstrated in various pathological conditions), including
Parkinson’s disease. Monoamine oxidase B, present in the
mitochondrial outer membrane of glial cells, catalyzes the
oxidation of MPTP to the toxic 1-methyl-4-phenylpyridinium
ion (MPP+), which then targets the dopaminergic neurons
causing neuronal death. One of possible ways to slow down the
development of this pathology is the pharmaceutical inhibition
of MAO-B activity. The free radical activity of MPTP metabolism
products causes degenerative changes and death of the neurons
in substantia nigra and a decrease of dopamine in the striatum,
which is accompanied in rats by the suppression of motor
and other behavioral reactions, inclusive the development of
depressive signs.

Using the MPTP model (MPTP dose = 25 mg/kg i.p.), we
researched the effect of “prophylactic” and “therapeutic” use
of intranasal applications of micromolar hydrogen peroxide to
rats. We investigated the changes in the dopamine metabolism
(dopamine, content of deoxy phenylacetate and homovanillic

acid), morphological changes in the basal ganglia structures
(striatum, midbrain), and the spontaneous motor activity
of the animals. It was shown that hydrogen peroxide, in
both prophylactic and therapeutic methods of application,
compensated for MPTP dependent decrease in the dopamine
production (Table 2).

Morphometric analysis of neostriatum tissue in MPTP-
treated animals according to the method described in work
of Avrushenko [11] showed a 23.5% decrease in total density
of neurons and 32.5% increase in quantity of morphologically
modified neurons (Figures 1-3). It is significant that free
neurons were the most sensitive (25.1% decrease, p<0.005)
when the neuron population with the satellite glia was not
affected. The “therapeutic” application of H,0, completely
abolished the functional fallout and morphological changes
of the neurons and the neuroglia of neostriatum. In the
“prophylactic” application, the neuroprotective effect of the
exogenous hydrogen peroxide was less significant; however,
even in this case, the damage to the structures was much less
compared to the group that received only MPTP.

In the substantia nigra we observed MPTP-dependent
decrease (35.6%) of various types of neurons and the increase

Table 1: Inhibition of various substrate forms of MAO and the decrease in the
oxidation stress in the basal ganglia and hypothalamus in rats after repeated
endonasal application of Parkon (30 days). Animals from the control group received
a stabilizing solution only, M+m.

Group of animals | Basal ganglia Hypothalamus

MAO-A
Substrate:serotonine Control cc0.28+0.02 0.99+0.08
(nmol/mg protien/minute)
Test 0.34+0.02 0.28+0.03**
MAO-B
Substrate:benzylamine Control 0.65+0.05 0.93+0.07
(nmol/mg protien/minute)
Test 0.45+0.03* 0.54+0.05**
Ma'°nd\:va;fsvheyigst§"m°'/ 9 Control 55128 14248
Test 348+15*% 1587
ngjnus?f;/emD;i?sesﬁZF)m Control 0.100£0.006  0.0143£0.007
Test 0.03840.003*  0.0026+0.0004*

*= p<0.05; ** = p<0.01; all compared to the control; n(test) = 7; n(control)=8

Table 2: The effect of intranasal application of hydrogen peroxide (5x10°M) on the
content of Dopamine (DA), Deoxyphenyl Acetic Acid (DOPAC) and Homovanillic Acid
(HVA) in the striatum and midbrain of rats (ng/g of tissue), which were receiving
MPTP (25 mg/kg i.pcc.). M+m values are rounded.

DIET T

D "
eoxyphernylaceuc Homovanilic acid
Acid

Striatum  Midbrain Striatum Midbrain Striatum Midbrain

Control 529190 474114 197658 1826  1325#35 257+12

MPTP 315942271** 195+18** 925+105** 100+6** 705+95%* 1106
Prophylacttic 4849+99% 399+10* 1256%90* 204+19* 1187+25% 209+10*
4963+57#  383+22"* 1368+45*

Treatment 17049%  1148+22* 225+11*

*= p<0.001, Compared to control group; #=p<0.035 and #=p<0.001 compared to

MPTP Group
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Figure 1: Substantia nigra pars compacta in (a) intact, (b) treated by MPTP, and (c) treated by H,0, after i.p. application of MPTP rats. Stained with Cresyl-Violet , Nissle,

maghnification 160x.

Figure 2: Substantia nigra pars compacta in the (a) intact, (b) treated by MPTP and (c) treated by H,0, after i.p. application of MPTP rats. 1-light neuron, 2 - dark neuron,
3-morphologically modified neuron. Stained with Cresyl-Violet, Nissle, magnification 400x.

Figure 3: Neostriatum in the (a) intact, (b) treated by MPTP and (c) treated by H,0, after i.p. application of MPTP rats. 1-light neuron, 2 - dark neuron, 3-morphologically

modified neuron. Stained with Cresyl-Violet , Nissle, magnification 400x.

(51.2%) of morphologically modified neurons - effects that
are completely prevented by the “therapeutic” application
of the hydrogen peroxide. In contrast to the “therapeutic”
effect, the prevention of the development of the degenerative
processes in the neuron population in the substantia nigra in
the “prophylactic” application of hydrogen peroxide was not
very significant.

As a result of both “therapeutic” and “prophylactic”
application of hydrogen peroxide, the described correction

of pathological changes in MPTP-treated animals was quite
significant. This can be explained by the time-dependent
functional compensation of the dopaminergic system of
the basal ganglia and testify to a neuroprotective and/or
dopaminoprotective effect. On the whole, the results of the
study indicate an important role of intranasal application of
low-concentration hydrogen peroxide in the regulation and
restoration of impaired functional activity of the studied brain
neurotransmitter systems and involvement of sensory neurons
of the nasal cavity mucosa in the mechanisms of signaling
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action of hydrogen peroxide. It is also known that reactive
oxygen species are usually considered not only as dangerous
exogenous or endogenous products, but also as regulators
of important physiological functions, the so-called “redox
signaling” [12].

Conclusion

The experimental results confirmed the therapeutic
efficacy of the intranasal application of Parkon in case of
pathological changes in the structures and neurotransmitter
systems of the CNS that are involved in the pathogenesis of
Parkinson’s disease [13]). The determined and also supposed
mechanisms of the therapeutic action of Parkon for the
treatment of the Parkinson’s disease have a lot in common
with the pharmacological action of selegiline, the first and,
so far, the only widely used in the therapy of the Parkinson’s
disease MAO-B inhibitor [14]. The common traits are:

- inhibition of MAO-B activity in CNS and reduction of
endogenous oxidative stress;

- reducing the toxic effects of exogenous and endogenous
neurotoxins by inhibiting MAO-B and preventing and
damaging neurons as a result of selective return of
toxins to nerve endings;

- reduction of endogenous oxidative stress in brain tissues
by increasing the level of endogenous antioxidant
protection.

In addition, a separate observation showed activation of the
dopaminergic (DA) brain system by inhibition of the functional
dopamine antagonist — the lactotropic hormone (data not
shown).
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