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Abstract

Background. Recently, on the example of two cohort of patients, we found that disturbances of
the geomagnetic field cause a significant immediate modulating effect on the level of immune
parameters in the blood. The data available in the literature give grounds for assumptions about
the direct effect of disturbances of the geomagnetic field on immunocytes, and indirectly, through
immunotropic neurotransmitters and hormones. Our hypothesis is as follows. Disturbances of the
geomagnetic field are perceived by acupuncture points (APs). The information obtained is
transmitted to neurons and endocrinocytes, the mediators of which, in turn, affect immunocytes.
The purpose of this study is to test this hypothesis.

Methods. The object of observation were 21 men (24-63 y) and 20 women (30-72 y) with
neuroendocrine-immune complex dysfunction. Each patient was tested twice with an interval of 4
days. We recorded the ongoing electroencephalogram (EEG). Retrospectively we recorded the
geomagnetic Ap-Index on the day of testing and during the previous 7 days, using resource
https://www.spaceweatherlive.com/.

Results. The canonical correlation between Ap-indices for 7 days before and on the day of
testing, and EEG parameters is 0,886; immunity parameters is 0,921. In turn, the immune
parameters are closely related to the EEG parameters (R=0,944).
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Conclusion. Disturbances of the geomagnetic field (Ap-index) causes a significant immediate
modulating effect on the parameters of immunity as well as EEG, apparently through
acupuncture points as polymodal receptors of the ecoceptive sensitivity system.

Key words: geomagnetic Ap-index, acupuncture points, EEG, immunity, relationships, humans.

Introduction

Recently, on the example of two cohort of
patients, we found that disturbances of the
geomagnetic field cause a significant
immediate modulating effect on the level of
immune parameters in the blood [1,2]. The
data available in the literature give grounds
for assumptions about the direct effect of
disturbances of the geomagnetic field on

immunocytes, and indirectly, through
immunotropic neurotransmitters and
hormones.

Back in 1990, Limansky [3] hypothesized
acupuncture points (AP) as polymodal
receptors of the ecoceptive sensitivity
system. In the process of hypothesis
development in 2003 an existence of
separate functional system of regulation of
electromagnetic balance of organism has

been substantiated and a  working
conception of light therapy has been
formulated [4].

Our  hypothesis is as  follows.

Disturbances of the geomagnetic field are
perceived by APs. The information obtained
is transmitted to neurons and
endocrinocytes, the mediators of which, in
turn, affect immunocytes. The purpose of
this study is to test this hypothesis.

Methods

Participants. The object of observation
were 21 men (24-63; 44+12 y) and 20

women  (30-72; 49+12 y)  with
neuroendocrine-immune complex
dysfunction: increased level of HRVs-

markers of sympathetic tone and decreased
markers of vagal tone, moderate
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hypocortisolemia in both sexes and
hypertestosteronemia in women, decreased
parameters of phagocytosis by neutrophils
of gram-negative and gram-positive bacteria
as well as the level of T-helpers, but
increased levels of NK- and B-lymphocytes,
Igg G and M. Each patient was examined
twice with an interval of 4 days. Procedure /
Test protocol / Slill test trial / Measure /
Instruments. Observations were carried out
on 09.06. and 13.06. 2015 (13 men and 3
women), 14.09. and 18.09. 2015 (1 man and
4 women), 27-28.03. and 04-05.04. 2018 (3
men and 7 women), 28.01 and 01.02. 2019
(4 men and 6 women). Retrospectively we
recorded the geomagnetic Ap-Index, i.e. the
average value of deviation of the
geomagnetic field strength from normal in
this region (range on Earth: 35-65 uT) on
the day of testing and during the previous 7
days, using a publicly available information
resource
https://www.spaceweatherlive.com/.

We recorded the ongoing EEG a
hardware-software complex “NeuroCom
Standard” (KhAI MEDICA, Kharkiv)

monopolar in 16 loci (Fpl, Fp2, F3, F4, F7,
F8, C3, C4, T3, T4, P3, P4, TS5, T6, O1, O2)
by 10-20 international system, with the
reference eclectrodes A and Ref tassels on
the ears. The duration of the epoch was 25
sec.

Data collection and analysis. Among the
options considered the average EEG
amplitude (uV), average frequency (Hz),
frequency deviation (Hz), index (%),
coefficient of asymmetry (%) and absolute
(uWV2/Hz) and relative (%) PSD of basic
rhythms: B (35+13 Hz), a (13+8 Hz), 6 (8+4
Hz) and 6 (4+0,5 Hz) in all loci, according



to the instructions of the device. In addition,
calculated Laterality Index (LI) for PSD
each Rhythm using formula:

LI, % = = [200+(Right — Left)/(Right +
Left)]/8

We calculated also for each Ilocus
Shannon’s Entropy (h) of normalized PSD
using Popovych’s formula [5-7]:

h = - [PSDaelog2 PSDa + PSDfelog2
PSDB + PSDOelog2 PSDO + PSDé&elog2
PSDé]/log2 4

Statistical analysis. Results processed by
using the software package "Statistica 64".

Compliance with Ethical Standards. Tests
in patients are carried out in accordance
with positions of Helsinki Declaration 1975,
revised and complemented in 2002, and
directive of National Committee on ethics of
scientific researches. During realization of
tests from all participants the informed
consent is got and used all measures for
providing of anonymity of participants.

Results

Analysis of the canonical correlation
between Ap-Indices and EEG parameters
(Table 1) shows the greatest sensitivity to
geomagnetic perturbations of theta rhythm.
Interestingly, on the day and on the eve of
EEG registration geomagnetic disturbances
have an inhibitory effect, while 3 and 4 days
before it - activating.

Only after five days does the delta
rhythm in the F8, T6, and Fpl loci
(activation) and the beta rhythm in general
and the O2 locus in particular (suppression)
respond to geomagnetic disturbances. An
even longer stimulation lag was found for
the beta rhythm at the F3 and C3 loci as
well as the theta rhythm at the TS5 locus,
whereas the delta rthythm at the F7 locus is
currently suppressed.
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We would like to separately note the
positive correlation of Entropy in locus O2 7
days before registration, which is inverted
every other day.

It appears that neurons that generate
different rhythms and that are projected onto
different loci of the scalp respond to
geomagnetic perturbation asynchronously,
with a delay of 7 to 0,5 days and inversion
of stimulation into inhibition.

According to the  canonical
correlation analysis, geomagnetic
perturbations on the day of EEG registration
and for seven days before it determines the
EEG parameters by 79% (Table 2 and Fig.
1).

Color coding of  rhythms
immediately suggests the association of the
limits of their ranges with Schuman’s
resonance harmonics: the first (8,5 and 7,83
Hz) and second (14,7 and 14,1 Hz) (author’s
and experimentally established
respectively). More about this in the
discussion.

Collected patterns of coefficients of
multiple  correlation show the best
congruence for the parameters of immunity
and EEG, especially in the range from -5 to
0 days for testing (Fig. 2).

The visual impression is confirmed
by the results of canonical correlation
analysis, as a result of which two pairs of
roots were formed.

The EEG Root of the first pair
(Table 3) contains information about the
PSD loci of the scalp, on which the nerve
nuclei that generate delta, theta and beta
rhythms are projected, which mainly have a
suppressive  effect on  phagocytosis
parameters, blood levels of B-lymphocytes
and their secreted IgM as well as T-
regulatory lymphocytes, which are present
in the Immune Root. The opposite sign
factor load on the level of O-lymphocytes
additionally reflects a decrease in the
expression of at least CD22, CD4 and CD25
receptors. Naturally, this immunotropic



effect is accompanied by a decrease in the
Entropy of the Immunocytogram.

The  degree  of  neurogenic
immunomodulation is very significant: 89%
(Fig. 3).

The EEG Root of the second pair
(Table 4) is represented by another
constellation of neural structures that mainly
enhance serum Igg A and M levels,
regulatory T lymphocytes level as well as E.
coli phagocytosis parameters.

The degree of  neurogenic
immunomodulation  of this immune
constellation is smaller, but still quite
significant: 82% (Fig. 4).

Discussion

The presented results fit into the concept
that Solar-induced fluctuations in the
ambient geomagnetic field have been
correlated with a wide range of biological
effects [8], including changes in EEG [9-11]
and HRV [12,13] parameters in humans.
Let's dwell in more detail on the research
closest to ours in design. By the way, our
study was not planned in advance, it is the
result of a retrospective analysis of
databases of previous projects, but carried
out by the same performers on the same

equipment. So, in essence, this is a truly
double-blind study.

Our former compatriots Babayev and
Allahverdiyeva [9], employing, like us,

quantitative electroencephalographic
(QEEG) technology, carried out
investigations involving 27 functionally

healthy females (permanent group), aged
20-40 years old. The EEG measurements (in
16 loci) were performed every day for each
person at the same time of the day during
geomagnetic quiet days. In the days with
different levels of disturbances of
geomagnetic conditions (few moderate and
major geomagnetic storms: March 31, 2001;
November 810, 2004; January 17-19, May
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17, June 15, August 24, September 11-12,
2005; as well as some severe/extreme
storms: July 2000; October—November
2003) the experiments were carried out
several times.

Unfortunately, despite the declared
quantitative approach to EEG analysis, the
authors give only a qualitative description of
the changes. The authors demonstrated
conspicuous and specific changes in alpha
and theta activity within the right
hemispheres of normal subjects during
major geomagnetic storms. There were
almost no significant complaints about
functional state in periods of weakly-
disturbed geomagnetic conditions. Weak
and severe geomagnetic storms affect the
functional state of the human brain in a
different way. It is established that weak and
moderate  geomagnetic  storms  exert
stimulating influence while the strong
disturbances of the geomagnetic conditions
activate braking (inhibiting) processes. In
the days of weak geomagnetic disturbances,
no significant changes in the human brain
activity were observed. Some negligible
shifts, registered in several examinees,
reflected an increased activity of meso-
diencephalic structures usually observed
during the activation of an organism. In
comparison with the above-mentioned
results, in the days with severe geomagnetic
storms the human brain’s activity is
seriously  disintegrated. =~ The  normal
functioning of integrative non-specific
systems, located within the limits of limbric-

reticular complex and responsible for
creation of the relevant level of
wakefulness, which is directed on

realization of optimum current activity of an
organism, is broken. The imbalance of
activating and deactivating mechanisms also
includes dysfunctions of ergo- and
trophotropic ~ over-segmentary  centers.
Babayev and Allahverdiyeva [9] concluded
that changes in geomagnetic conditions



mostly affect the activity of regulating
systems, which are related to high cortical
mechanisms of regulation and subcortical
integrative  apparatuses responsible for
organization of routine activity of an
organism, and for adaptation to changes of a
physical environment.

For our part, we want to emphasize that
theta and alpha rhythms were sensitive to
geomagnetic disturbances, as in our study.

Previously Persinger and Richards [14]
report here similar QEEG correlations,
primarily involving the right hemisphere,
during the much less intense periods of
recent geomagnetic activity during the
hiatus between Solar Cycle 23 and 24 in
samples of healthy young adults. The
magnitude of global (and local)
geomagnetic variations was within the range
(1520 nT) correlated with enhanced
vestibular experiences during partial sensory
deprivation in healthy adults. Impressed, in
our opinion, by the results of their
Azerbaijani colleagues, and so strongly that
they included the name of the country in the
title of their article, the Canadians repeated
the research of Azerbaijanis.

In Experiments I, Mulligan, Hunter and
Persinger [10] analyzed the correlation
between Kp-indices for the interval between
1 July 2006 - 31 January 2008
(geomagnetic variations was within the
range 20-25 nT) and QEEG parameters in
healthy young people of both sexes. To
discern the strength of effect a functional
canonical correlation was completed
between the beta power within the left
parietal (P3) region (r=-0,66) and the
gamma power within the right frontal (FS8)
region (r=-0,71) as dependent variables and
the Kp value during the interval of the
recording as the covariate. The equivalent
multiple R was 0,73.

In our observation, the correlation of
Ap/PSD P3-8 was 0,10 and 0,02 on the day
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of registration, and on the eve of it 0,09 and
-0,03 to relative and absolute PSD,
respectively. We were not able to record the
gamma rhythm, instead we recorded the
EEG at 16 loci against 8 loci (F7, F8, T3,
T4, P3, P4. O1, O2) in the cited study. And
just in the C3 locus relative PSD-B was
positively correlated with Ap-index on the
day of registration (r=0,30) and on the eve
of it (r=0,24), while with the C4 locus the
connections were weaker (0,21 and 0,19).

Instead, our data are in principle
consistent with the cited study on the
inhibitory effect of geomagnetic field
disturbances on PSD theta rhythm. The
authors used an unconventional approach
when calculating correlations between
power values within each of the 1 Hz
intervals and Kp values. Partial correlational
analyses revealed the strongest correlation
(r=-0,58) was between Kp values and power
within the 8-8,9 Hz over the right [lateral]
frontal (F8) lobe as well as the power within
the 7-7,9 Hz band over the left parietal (P3)
region (r=-0,57). The equivalent multiple R
was 0,66. In our study, the PSD of total
theta band (4-7 Hz) connections for
individual loci are much weaker, while the
locus area is much larger, so that the
canonical correlation between theta rhythm
and Ap-index was almost similar. In
addition, we found a correlation of Ap/PSD
Té6-alpha (r=-0,25).

In Experiments II by Mulligan et al, the
results of which were published in the same
paper [10], the correlation between QEEG
parameters and Ap-indices for the interval
between 9-20 March 2008 (geomagnetic
variations was within the range 6-30 nT).
For the geomagnetic correlations (Ap-
index), the strongest and most significant
correlations for the wide-band were for
gamma in the right [anterior] temporal (T4)
lobe and theta in the right parietal (P4) lobe,
similar to our data. For the successive 1-Hz
bands within the theta range, geomagnetic



activity was correlated negatively with the
7-7,9 Hz band in the right frontal (F8) lobe
while both the 3-3,9 Hz and 5-5,9 Hz bands
were positively correlated within the right
parietal (P4) lobe.

For the following correlation analysis, the
authors for some reason used atmospheric
power instead of Ap-index (correlation
between them, however, is 0,93). As
atmospheric power increased during the
recordings power within the theta band
decreased within the right frontal (F8)
region (r=-0,81) while there was general
activation in the beta range over the right
[anterior] temporal (T4) lobe (r=0,38) and in
the gamma range for the temporal lobes of
right (r=0,36) and left (r=0,36) hemispheres.
Interestingly, that negative correlations for
the 1-Hz increments within the F8 theta (6-
6,9 Hz) and ((7-7,9 Hz) are inverted into
positive ones within the F8 (5-5,9 Hz), F7
(4-4,9 Hz), F7 (8-8,9 Hz) and P3 (4-4,9 Hz).

The Schumann-absorption model
proposed by Cherry [15] and others
presumes that maximal energy transfer
between weak magnetic variations within
the geomagnetic—ionospheric system [16]
occur when the exogenous frequencies
correspond with those measured from the
brain by EEG. The peak absorption would
involve the theta (4-8 Hz) and alpha (8-13
Hz) bands, which include the base and first
harmonic of the Schumann resonance [17].
Mulligan et al [10] reasoned that energy
transfer could be inferred by more or less
“instantaneous” increases and decreases in
spectral power within the EEG theta band.

In contrast to the cited authors, we did not
find much effect of geomagnetic activity on
the right [lateral] frontal (F8) lobe. We also
found similarly strong negative correlations
for PSD theta rhythm in right parietal (P4)
and right [anterior] temporal (T4) while left
[lateral] frontal (F7) lobes as well as in both
right (C4 and T6) and left (C3 and Fp1) loci,
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which were not involved in the cited studies.
In addition, PSD beta rhythm in locus C3
correlates positively with Ap-index. It is
believed that the hippocampus is projected
at the C3 and C4 loci, and the amygdala at
the T3 and T4 loci.

Novik and Smirnov [11] studied the effect
of geomagnetic storms at the latitude of
Moscow on the electric oscillations of the
human brain cerebral cortex. In course of
electroencephalogram measurements it was
shown that when the voluntary persons at
the age of 18-23 years old were performing
tasks using a computer during moderate
magnetic storm or no later than 24 h after it,
the value of the coherence function of
electric oscillations of the human brain in
the frontal and occipital areas in a range of
4,0-7,9 Hz (the theta rhythm) decreased by a
factor of two or more, sometimes reaching
zero, although arterial blood pressure,
respiratory rate and the electrocardiogram
registered during electroencephalogram
measurements remained within the standard
values.

Previously, Persinger and Richards [14]
reported that a cluster of experiences loaded
on a factor dominated by vestibular
sensations significantly increased when
global geomagnetic activity exceeded 15-20
nT. The two frequency bands most
consistently and strongly correlated with
increased geomagnetic activity within the
range that occurred during their study were
gamma (35-45 Hz) and theta (4-7 Hz).
Mulligan et al [10] believe that a most
parsimonious explanation for an intrinsic
connection between these two nonadjacent
bands involves a role of the hippocampal
formation. These two bands involve the
peak energy of the septal-hippocampal
inputs. In addition, an intrinsic feature of
many hippocampal neurons is the
superimposition of gamma patterns upon the
predominantly 5—7 Hz theta rhythm [18].
That the hippocampal formation, along with



the amygdala, has the lowest threshold for
seizure induction is well known [19]. The
second environmental measure, atmospheric
power, revealed similar effects. Again the
cerebral region most consistently correlated
with this inference of energy between the
ionosphere and the Earth’s surface was the
right frontal lobe. Atmospheric power,
measured in Gigawatts, reveals the
consequences of the interactions between
energetic particulates within the Earth-
ionospheric cavity. This is a potentially

important ancillary measure for
electroencephalographic correlations
because  magneto-hydrodynamic  waves

generated within this medium can propagate
to the Earth’s surface. In both Experiments I
and II the correlation between power within
the gamma range and either geomagnetic
activity or atmospheric power was negative.
This means that as the geomagnetic activity
or atmospheric power increased the cerebral
activity within this band decreased [10].

Developing the discussion, Mulligan et al
[10] appeal to the position that the right
frontal area has powerful functional,
primarily inhibitory, connections with the
right parietal and temporal regions.
Consequently,  diminished power or
inhibitory frontal functions can encourage
disinhibition of functions within the caudal
region. The resultant stimulation of activity
would produce a sympathetic dominance
(arousal), the phenomena that was also
shown by Babayev and Allahverdiyeva [9]
during moderate magnetic storms.

It is here that we consider it appropriate to
make a small excursion. According to the

concept of “central autonomic network
(CAN)” [20-22] its include following
cortical,  subcortical, and medullary

structures: the anterior cingulate, insular,
orbitofrontal, and ventromedial cortices; the
central nucleus of the amygdala; the
paraventricular and related nuclei of the
hypothalamus; the periaqueductal gray
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matter; the nucleus of the solitary tract; the
nucleus ambiguous; the ventrolateral
medulla; the ventromedial medulla and the
medullary tegmental field. The primary
output of the CAN is mediated through the
preganglionic sympathetic and
parasympathetic neurons, which exert
control over the heart via the stellate ganglia
and the vagus nerve, respectively. The

interplay of sympathetic and
parasympathetic influences on sinoatrial
node pacemaker activity generates the

complex variability that characterizes the
healthy heart rate rhythm, which is called
HRV. A fundamental principle of the neural
control of the heart is its hierarchical

organization, with  cortical structures
providing inhibitory control over limbic and
brainstem sympathoexcitatory,
cardioacceleratory circuits. Indeed,

disruption of prefrontal activity leads to
disinhibition of sympathoexcitatory circuits,
with a resultant increase in heart rate and
decrease in vagally-mediated HRV [23,24].
Furthermore, left-sided (dominant
hemisphere) forebrain structures appear to
be predominantly involved in vagal
regulation, whereas homotopic right (non-
dominant) forebrain regions seem to
primarily control sympathetic tone and
responses [25,26]. However, the
lateralization model of autonomic control of
the heart remains controversial [27-29].

If the disturbances of the Earth's magnetic
field are an obvious causal factor, then we
are tormented by doubts about its first target
(acceptor). Accepting the hypothesis of
Limansky [4,5] and the concept of
nervousness, we conclude that caused by
geomagnetic disturbances changes in the
conductivity of APs in one way or another
(through afferent cutaneous nerves or liquid
crystalline collagen fibers of the connective
tissues [30,31]) reach medullary, subcortical
and cortical structures of CAN, exciting
some neurons and inhibiting others, thus



triggering well-studied mechanisms of
neuro-immune, neuro-endocrine and
endocrine-immune  modulation  [32-42]
documented in our study.

If we accept the paradigm of Eastern
medicine, the information from APs enters
the Chakras, which regulate the neuro-
endocrine-immune complex. The reality of
this assumption is evidenced by the
parameters of GDV  (biophotonics),
registered in the same observed individuals.
But this will be discussed in a separate
article.

Mulligan et al [10] suggest that direct
geomagnetic effects on
electroencephalographic activity can be
reduced to the essential congruence of the
magnitude of energy density within the
human brain and the geomagnetic field.
Their calculations showed that a shift of
geomagnetic activity of only 25 nT has the
potential to change the energy available
within the brain. Consequently, either the
change in atmospheric power or the increase
in geomagnetic intensity within this range
would provide comparable changes in
energy within the brain volume. Of course
this is not a proof that energy absorption
within the brain occurs from changes in
either geomagnetic activity or atmospheric
power.

According to Nordmann et al [43], there
are 3 prevailing proposals being weighed
regarding how magnetic fields are sensed by
animals. First is provocation of action
potentials in neurons by electromagnetic
induction; second is  light-sensitive,
chemical-based mechanism mediated by
cryptochromes resulting in action potentials
as nervous signals [44-49]; and third is
magnetite-based magnetoreceptors
mechanically spotting the magnetic field,
leading to neuronal action potentials [50-
54].
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Therefore, the brain can directly accept
geomagnetic  disturbances, without the
mediation of APs, followed by neuro-
endocrine and neuro-immune modulation. If
this is accepted, then the changes in the
electrical conductivity of APs detected by us
should be considered as a consequence of
the well-known skin-galvanic reflex caused
by  brain  stimulation = geomagnetic
disturbances.

Simko and Mattsson [55] envisage that
electromagnetic field (EMF) exposure can
cause both acute and chronic effects that are
mediated by increased free radical levels.
Firstly, direct activation of, for example
macrophages (or other cells) by short-term
exposure to EMF leads to phagocytosis (or
other cell specific responses) and
consequently, free radical production. This
pathway may be utilized to positively
influence certain aspects of the immune
response. Secondly, EMF-induced
macrophage (cell) activation includes direct
stimulation of free radical production.

Rosado et al [56] note, whereas the
majority of the in vitro studies focused on
monocytes/macrophages and fibroblasts, the
effects of the exposure to EMF on other cell
types are not well defined. In macrophages,
the reduction in pro-inflammatory cytokines
induced by EMF is associated with the
activation of regulatory = mechanisms
induced by a moderate oxidative stress.
However, in the case of neutrophils,
activation of oxidative stress by EMF
induces activation of NETosis.

However, this information is not entirely
appropriate for our discussion, because the
applied EMFs had a power comparable to
that of the Earth's magnetic field or even
greater. Only two studies of Selmaoui et al
[57,58] is noteworthy. The authors showed
that exposure to 50-Hz magnetic fields (10
uT) significantly increases IL-6 when
subjects were exposed to an intermittent



magnetic field. However, no effect has been
observed on interleukin IL-1B, IL-2, IL-
IRA, and IL-2R. No significant differences
were observed between sham-exposed
(control) and exposed men for hemoglobin
concentration, hematocrit, red blood cells,
platelets, total leukocytes, monocytes,
lymphocytes, eosinophils, or neutrophils.
Immunologic variables (CD3, CD4, CDS,
NK and B cells) were unaltered.

Therefore, the initial acceptance of
geomagnetic disturbances by immunocytes
is possible, but unlikely.

Recently, Gorgo et al [59] found the
inverse  proportional reliable  average
correlation between the values of specific
bacterial luminescence and the Kp (r=-0,41)
as well as Ap (r=-0,41) indexes of the
geomagnetic  field. Surprising is the
proximity of the force of influence of the
intensity of variations of the magnetic field
on the day of testing (ApO) both on the
manifestation of bacterial activity and
phagocytic function of neutrophils against
bacteria [2]. This, in our opinion, confirms
the direct effect of the geomagnetic field
disturbances on human neutrophils. The
decrease in the level of T-helpers and B-
lymphocytes reflects, in our opinion, the
weakening of their expression of CD4 and
CD22 receptors, respectively, as evidenced
by the positive correlation of the Ap-index
with the level of 0-lymphocytes [2].

Assuming the hypothesis that
immunocytes are the primary target of
geomagnetic disturbances, we have reason
to speculate that the detected changes in
EEG parameters are caused by released
immunocytes, primarily = macrophages,
cytokines, hormones and neurotransmitters
[32,33].

Finally, the hypothesis that phagocytosis
inhibition of two types of microbes found in
our study [2] may be due to the positive
effects of geomagnetic disturbances directly
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on Dbacteria (for example bacteria
Photobacterium phosphoreum [59]), which
are known to be able to actively counteract
the bactericidal properties of phagocytes and
other immunocytes [60], is not disqualified.

Conclusion

Disturbances of the geomagnetic
field (Ap-index) causes a significant
immediate modulating effect on the
parameters of immunity as well as EEG,
apparently through acupuncture points as
polymodal receptors of the ecoceptive
sensitivity system.
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Table 1. Matrix of correlations between Ap-Indices and EEG parameters

Variables Ap-7 | Ap-6 | Ap-5 | Ap4 | Ap-3 | Ap-2 | Ap-1 | Ap0

PSD C4-0, % 0,09 | 0,10 | 0,05 0,25 | 0,28 | 0,06 | -0,30 | -0,30
PSD C3-0, % 0,01 0,05 { 0,10 | 0,25 | 0,25 | 0,08 | -0,28 | -0,28
PSD T6-0, % -0,03 | 0,15 | 0,03 0,25 | 0,23 | 0,07 | -0,29 | -0,26
PSD C4-0, nV*/Hz 0,02 | -0,00 | -0,16 | -0,05 | 0,01 | -0,18 | -0,27 | -0,26
PSD T4-0, % 0,16 | 0,10 | -0,11 | 0,14 | 0,20 | 0,01 | -0,26 | -0,23
PSD F7-0, % 0,12 { 0,19 | -0,11 | 0,13 | 0,21 | -0,05 | -0,30 | -0,21
PSD F8-0, % -0,06 | -0,04 | -0,20 | 0,06 | 0,06 | -0,07 | -0,19 | -0,27
PSD F4-0, pV*/Hz -0,03 | 0,06 | -0,04 | -0,00 | 0,07 | -0,14 | -0,27 | -0,22
PSD F4-0, % 0,03 | 0,02 | 0,02 | 0,19 | 0,18 | 0,08 | -0,24 | -0,25
PSD Fp1-0, % -0,05 | 0,13 | -0,08 | 0,11 0,09 | 0,02 | -0,26 | -0,16
PSD P4-0, nV*/Hz -0,01 | -0,02 | -0,11 | 0,07 | 0,09 | -0,07 | -0,20 | -0,25
PSD Té6-a, pV*/Hz -0,10 | -0,18 | -0,13 | -0,02 | -0,02 | -0,11 | -0,13 | -0,25
PSD 02-0, % 0,15 | 0,14 | -0,00 | 0,18 | 0,23 | 0,08 | -0,15 | -0,17
PSD F8-6, nV2/Hz 0,08 | 0,02 | 0,30 | 0,15 | 0,15 0,09 | -0,14 | -0,06
PSD T6-6, nV2/Hz -0,05 | -0,04 | 0,27 | 0,09 | 0,07 | 0,06 | -0,07 | -0,04
PSD Fp1-6, nV2/Hz -0,01 | -0,02 | 0,21 | 0,04 | 0,04 | 0,03 | -0,06 | -0,03
PSD O2-B, nV2/Hz -0,05 | -0,07 | -0,26 | -0,20 | -0,20 | -0,14 | 0,07 | 0,04
Amplitude g, pV 0,11 0,10 | -0,23 | -0,17 | -0,10 | -0,08 | 0,11 0,15
Entropy PSD 02 021 | 0,15 | -0,24 | 0,02 | 0,06 | -0,01 | -0,03 | 0,00
PSD F3-f, pnV2/Hz 0,26 | 0,29 | -0,20 | -0,15 | 0,02 | -0,07 | 0,06 | 0,18
PSD F3-B, % 023 | 024 | -0,13 | -0,02 | 0,03 | -0,04 | 0,02 | 0,18
PSD C3-B, % 0,14 | 0,27 | -0,18 | -0,14 | -0,04 | -0,03 | 0,24 | 0,30
PSD T5-0, % 0,17 | 027 | -0,04 | 0,06 | 0,17 | -0,03 | -0,14 | -0,00
PSD F7-0, % -0,15 | -0,22 | 0,02 | -0,06 | -0,05 | 0,13 0,12 | -0,06
Multiple correlationR | 0,390 | 0,713 | 0,670 | 0,539 | 0,482 | 0,294 | 0,736 | 0,687

Table 2. Factor Structure Matrix for Canonical Roots of Ap-Indices and EEGs parameters

Left set R
Ap-1,nT -0,252
Ap-0,nT -0,095
Ap-2,nT -0,068
Ap-5,nT -0,667
Ap-4, nT -0,293
Ap-3,nT -0,022
Ap-7,nT 0,264
Ap-6, nT 0,144
Right set R
PSD F7-0, % 0,510
PSD F8-0, % 0,440
PSD C4-0, nV*/Hz 0,431
PSD C4-0, % 0,228
PSD Fp1-0, % 0,342
PSD F4-0, nV*/Hz 0,337
PSD F4-0, % 0,176
PSD P4-0, nV*/Hz 0,320
PSD T6-0, % 0,223
PSD 02-0, % 0,316
PSD C3-0, % 0,132
PSD T4-0, % 0,130
PSD Té6-0, nV*/Hz 0,235
PSD T6-6, nV¥/Hz -0,288
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PSD F8-5, uV¥Hz | -0,263

PSD Fpl1-8, pV*/Hz -0,218

Entropy PSD 02 0,351

Amplitude p, pnVv 0,249
PSD O2-B, nV*/Hz 0,240
PSD F3-, nV*/Hz 0,361

PSD F3-B, % 0,206
PSD C3-B, % 0,162
PSD T5-0, % 0,321
PSD F7-5, % 20,121
3
.
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R=0,886; R*=0,786; x’2s0=347; p=0,004; A Prime=0,0028
Fig. 1. Scatterplot of canonical correlation between Ap Geomagnetic indices before 7 days and on day
testing (X-line) and EEG parameters (Y-line)
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Fig. 2. Patterns of coefficients of multiple correlation R between Ap-Indices and acupuncture points as well as
neuro-endocrine-immune complex parameters
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Table 3. Factor Structure Matrix for first pair of Canonical Roots of EEG and Immune parameters

Left set R1
PSD T6-6, nV*/Hz -0,372
PSD P4-B, % -0,335
PSD T6-0, nV*/Hz -0,286
PSD T3-6, % -0,279
PSD F8-6, nV*/Hz -0,269
PSD F7-6, % -0,220
PSD F7-B, pV¥/Hz -0,190
PSD F8-0, nV*/Hz -0,165
PSD 02-0, % 0,254
PSD T3-B, % 0,220
PSD F4-0, % 0,150
Right set R1
Entropy of Immunocytogram 0,549
CD22' B-Lymphocytes, % 0,532
Killing Index vs E. coli, % 0,329
Microbial Count for Staph. aureus, Bacter/Phag | 0,303
Immunoglobulins M, g/LL 0,269
CD4°CD25" T-regulatory Lymphocytes, % 0,247
Phagocytosis Index vs Staph. aureus, % 0,181
Bactericidal Capacity vs Staph. aureus, 10° B/L | 0,137
0-Lymphocytes, % -0,524
Phagocytosis Index vs E. coli, % -0,441
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Fig. 3. Scatterplot of canonical correlation between EEG (X-line) and Immunity (Y-line) parameters.

First pair of Roots
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Table 4. Factor Structure Matrix for second pair of Canonical Roots of EEG and Immune parameters

Left set R2
PSD C4-0, % 0,247
PSD T3-0, % 0,247
PSD F3-, % 0,247
PSD F7-B, % 0,239
PSD Fp1-0, % 0,234
PSD C3-0, % 0,225
PSD Té6-8, % 0,224
PSD F7-0, % 0,220
PSD T6-0, % 0,216
PSD T4-8, % 0,215
PSD F8-0, % 0,196
PSD F4-0, % 0,185
PSD T6-6, nV*/Hz 0,145
PSD T3-8, % 0,127
PSD T5-9, % -0,221
PSD F7-6, % -0,203
PSD T3-9, % -0,163
Right set R2
Immunoglobulins A, g/L 0,383
Killing Index vs E. coli, % 0,340
CD4°CD25" T-regulatory Lymphocytes, % 0,224
Bactericidal Capacity vs E. coli, 10° Bacteria/L 0,191
Immunoglobulins M, g/L 0,185
3
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Fig. 4. Scatterplot of canonical correlation between EEG (X-line) and Immunity (Y-line) parameters.
Second pair of Roots
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