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At present impacts exerted by heliogeophysic factors on different living organisms are being examined more and more 

intensely. Over the last decade, it has been detected that meteorological factors play an important role in formation of adap-
tation mechanisms in living systems. Sun and earth interaction is also known to directly influence rheological properties of 
human blood, both in a healthy body and in case there are chronic non-communicable diseases. Given that, impacts exerted 
by “cosmic weather” on living organisms, people in particular, are a stimulus to perform profound studies on reactions oc-
curring as a response to effects produced by solar and geomagnetic activity, first of all, solar flares and magnetic storms. 

At present the most widely used approach to determining influences exerted by the Earth magnetic field on biological sys-
tems involves searching for correlations between different parameters of living organisms functioning and geomagnetic indexes.  

Our research goal was to assess dependence between enzymatic activity of antioxidant protection system, exemplified 
by superoxide dismutase (SOD) and catalase, and geomagnetic field disturbances. 

The research focused on examining blood samples taken from conditionally healthy volunteers living in Nizhny Nov-
gorod region. SOD and catalase activity were determined in blood erythrocytes with spectrophotometry. Geomagnetic dis-
turbances force was determined as per planetary Kp-index value. 

The research established a statistically significant correlation between SOD and catalase activity and a value of geo-
magnetic field disturbance; this correlation allows making an indirect assumption that geomagnetic conditions directly in-
fluence superoxide radical production in a body. 

Therefore, a change in superoxide radical production is a way for the geomagnetic field to influence living organisms. 
Activation of free radical oxidation can make for both occurrence and more intense clinical course of several diseases (espe-
cially cardiovascular and neuropsychic ones). So, in future it is advisable to assess reactivity of antioxidant protection sys-
tem as a response to geomagnetic fluctuations in case there are pathologic changes in a body.   

Key words: geomagnetic disturbances, solar activity, heliobiology, Kp-index, superoxide dismutase, catalase, mag-
netic sensitivity, human body. 
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At present, sufficient data have been ac-
cumulated on influence exerted by space fac-
tors on the biosphere but their action mecha-
nisms have not been studied enough [1–8]. 
Such ecological impacts have apparent 
biotropic effects that result in biochemical 
and physiological transformations in living 
organisms [9] and become obvious not only 
through changes in individual development 
cycle but also through effects produced on 
development of next generations as a whole 
[10]. Better insight into these fundamental 
mechanisms is a necessary basis of predictive 
and preventive programs in medicine.  

The Sun is known to be the primary 
source of space weather on the Earth since 
this star is the closest to our planet. Influence 
by the Sun occurs due to electromagnetic 
radiation in various ranges, stellar wind 
flows, solar cosmic rays, solar flares and co-
rona mass ejections. The Earth has its own 
shield to protect from destructive effects pro-
duced by these phenomena; this shield is the 
planetary magnetic field and the ozone layer 
in the atmosphere. However, some high-
speed charged particles can penetrate into 
the Earth magnetosphere thus leading to 
changes in the atmosphere and ionosphere. 
Quantity and intensity of influencing solar 
factors grows as the star becomes more ac-
tive, and rises in solar activity repeat peri-
odically at the beginning of each new cycle 
which is conditionally called “11-year one” 
[11]. According to official data provided by 
the Space Weather Prediction Center, the 
USA, the 24th solar cycle ended relatively 
not long ago (minimal activity was regis-
tered in December 2019), and then the 25th 
cycle started with maximum activity pre-
dicted in between November 2024 and 
March 2026. More intense radiation at vari-
ous frequencies and corpuscular fluxes lead 
to ellipticity of magnetosphere and an in-
crease in the geomagnetic field intensity. 
Thus a geomagnetic storm is born as global 
disturbance in the Earth magnetosphere [12]. 

We should keep in mind that there is a 
certain time gap between occurring heliogeo-

physical disturbances and such responses to 
them as changes in physiological state of the 
body. These responses occur in most people 
at the beginning of global disturbance in the 
Earth magnetosphere, 2–3 days after a solar 
flare. However, some people become sensi-
tive even 1–2 days prior to a geomagnetic 
storm arises. This effect is partially due to 
solar influence being multi-component and 
these components moving at different speed: 
electromagnetic radiation in any range covers 
the distance from the Sun to the Earth in 8–10 
minutes while it takes corpuscular fluxes 24–
30 hours to reach the planet [13]. 

It should be noted that influence exerted 
by solar activity on processes in the living 
nature at all levels of biological systems or-
ganization, including human health and popu-
lation morbidity and even social and histori-
cal events, was established as far back as in 
20ties last century by A.L. Chizhevsky, an 
outstanding Soviet scientist and the founder 
of contemporary heliobiology. Since then, 
multiple facts have been accumulated on im-
pacts exerted by fluctuations in physical 
fields in the Near-Earth space that disrupt 
functioning of various physiological systems 
in the human body [12, 14]. According to up-
to-date concepts, the cardiovascular system 
and the nervous system are the most sensitive 
to changes in space weather and the fact is 
confirmed by observed rises in morbidity and 
mortality among patients with pathologies of 
these systems during disturbances in the 
magnetosphere [15–19]. 

Moreover, it was established that healthy 
people had different blood system parameters 
during years with maximum and minimum 
solar activity [20–21]. When it comes down 
to practical medicine, it is important to keep 
in mind influence exerted on the body not 
only by fluctuations in the solar activity that 
are averaged over a long period of time but 
also individual ones such as flares and falls in 
separate days. We should note that such 
changes in the solar activity result in abnor-
mal strengthening of solar wind that creates 
geomagnetic storms. Geomagnetic field fluc-
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tuations may become health risk factors since 
they make for disorders in coordination be-
tween rhythms of biological processes in liv-
ing organisms and environmental cycle recur-
rence [22]. 

We can also mention that intense mag-
netic disturbances sometimes occur due to 
unknown reasons; in this case it is difficult 
to detected a source of these fluctuations 
since there are no active events on the Sun 
that are directed at the Earth. A magnetic 
storm of G3 level registered on May 12, 
2021 that was the greatest since 2019 can be 
a good example. According to data provided 
by the laboratory of X-ray Astronomy of the 
Sun at the Institute of Physics, the Russian 
Academy of Sciences [23], geomagnetic dis-
turbance intensity reached Kp-index value 
equal to 7 as per a 9-score scale at the peak 
of the storm that occurred in the evening, 
between 3 and 9 pm Moscow time. Actually 
it was just one but very powerful space strike 
on the Earth. Solar flares that were registered 
during those days occurred on such spots on 
the Sun that were remote from direction at the 
Earth and the storm was not predicted at all. 

It is noted that various molecules, for ex-
ample, paramagnetic free radicals, can serve 
as “receiving elements for an external mag-
netic signal. Paramagnetic properties of these 
reaction-active particles are determined by an 
unpaired electron on the external valent layer 
and this makes them unstable. These very 
molecules are intermediate participants in 
such biochemical reaction as one-electron re-
duction. Therefore, geomagnetic variations 
follow this mechanism to manage free radical 
processes of substance transformation.” [24]. 

Various physical indicators (Kp-, Ap-,  
C-index and some others) are applied to de-
termine geomagnetic activity. Kp-index is the 
most widely used one; it measures geomag-
netic field fluctuations. This indicator shows 
a deviation in the Earth magnetic field from 

its normal state during a 3-hour interval. Its 
values vary from 0 to 9 and are calculated as 
an average for values provided by several 
geomagnetic observatories located between 
44 and 60 degrees of northern and southern 
latitudes. Geomagnetic storms are relatively 
short (from 6–7 hours to several days) and 
after their end physical parameters of the 
geomagnetic field return to their initial val-
ues. G-index characterizes intensity of varia-
tions in a geomagnetic storm as per a 5-score 
scale with storm gradation starting from G1 
(weak storm) to G5 (extremely strong storm) 
[25, 26]. 

At present, mechanisms of influence ex-
erted by geomagnetic field disturbances on 
biological systems, people included, have not 
been studied enough. Search for magneto-
sensitive markers can be a promising ap-
proach to revealing mechanisms of such in-
fluence [27]. 

Our research goal was to assess de-
pendence between enzymatic activity of anti-
oxidant protection system and geomagnetic 
field disturbances. 

Materials and methods. We examined 
blood samples taken from conditionally 
healthy volunteers who lived in Nizhny Nov-
gorod region (n = 37). Biological materials 
were taken from September 2019 to February 
2020, in the morning hours from 8 am to 9 am. 
Donors’ age varied from 19 to 58 years. To as-
sess influence exerted by geomagnetic situa-
tion on antioxidant protection system, we fo-
cused on superoxide dismutase (SOD) and 
catalase since these enzymes belong to the 
first section in intracellular protection from 
reactive oxygen species. SOD activity was 
determined as per inhibition of recovery rate 
detected for nitroblue tetrazolium in non-
enzymatic system of phenazine methosulfate 
and nicotinamide adenine dinucleotide 
(NADN)1. Catalase activity was determined 
by spectrophotometry in erythrocytes as per 

__________________________ 
 
1 Arutyunan А.V., Dubinina Е.Е., Zybina N.N. Metody otsenki svobodnoradikal'nogo okisleniya i antioksidantnoi sis-

temy organizma [Procedures for estimating free radical oxidation and antioxidant system in the body]. Saint Petersburg: IKF 
“Foliant”, 2000, 104 p. (in Russian). 
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changes in optical density in a region of hy-
drogen peroxide absorption [28]. Intensity of 
geomagnetic disturbances was estimated as per 
planet Kp-index; its values for Nizhny Novgorod 
region on a day when biological materials were 
taken were available at www.tesis.lebedev.ru 
[23]. It is the official web-site of the laboratory 
of X-ray Astronomy of the Sun at the Institute 
of Physics, the Russian Academy of Sciences 
where uninterrupted monitoring over the condi-
tions of the Sun is conducted. Correlations be-
tween data were estimated with correlation 
analysis according to Spearman. 

Results and discussion. The research re-
vealed a statistically significant correlation be-
tween activity of anti-oxidant enzymes in eryth-
rocytes and planet Kp-index (Figures 1 and 2). 

On days when Kp-index values were 
high, SOD and catalase enzymes became more 
active in erythrocytes of healthy volunteers. 
Superoxide dismutase turned out to be more 
sensitive to geomagnetic situation since we 
detected statistically significant positive corre-
lations between its activity and planet Kp-
index values, both 2.5–3.0 hours prior to blood 
sampling (Figure 1A) and values at the mo-
ment blood was being sampled (Figure 1B), as 
well as average planet Kp-index values over 
the whole day of blood sampling (Figure 1C). 
Correlation between catalase activity and Kp-
index values was detected only for Kp-index 
values 2.5–3.0 hours prior to blood sampling 
(Figure 2). 

SOD and catalase are known to be high-
specialized antioxidant enzymes. Superoxide 
dismutase serves as a catalyst in a reaction of 
superoxide dismutation into hydrogen perox-
ide and oxygen. Catalase participates in hy-
drogen peroxide decomposition thus prevent-
ing formation of hydroxyl radicals when hy-
drogen peroxide interacts with iron or copper 
ions as per the Fenton reaction [29]. 

Detected correlations between geomag-
netic activity and activity of the analyzed en-
zymes can give grounds for an implicit as-
sumption that geomagnetic situation has direct 
influence on production of superoxide radical; 
and, as it is well known, non-enzymatic  

 

Figure 1. Correlaiton field for dependence between 
antioxidant enzyme superoxide dismutase and 

geomagnetic situation: А, 2.5–3.0 hours prior to 
blood sampling (Spearman’s correlation r = 0.44,  

p = 0.007); B, at the moment blood was being 
sampled (Spearman’s correlation r = 0.37,  

p = 0.013); C, average value on a day of blood 
sampling (Spearman’s correlation r = 0.50,  

p = 0.002) 

spontaneous hemoglobin oxidation into methe-
moglobin is a basic source of superoxide anion 
in erythrocytes (Figure 3). It is in line with the 
concept by V.P. Reutov [1] according to which 
Fe2+-containing proteins are targets for effects  
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Figure 2. Correlaiton field for dependence between 

antioxidant enzyme catalase and geomagnetic 
situation: А, 2.5–3.0 hours prior to blood sampling 

(Spearman’s correlation r = 0.34, p = 0.041);  
B, at the moment blood was being sampled 
(Spearman’s correlation r = 0.32, p ˃ 0.05);  
C, average value on a day of blood sampling 
(Spearman’s correlation r = –0.01, p ˃ 0.05) 

 
Figure 3. Scheme showing generation and 

neutralization of superoxide radical and hydrogen 
peroxide in erythrocytes  

produced by geomagnetic field. The fact that 
the detected correlation is moderate is proba-
bly due to, first of all, absence of strong geo-
magnetic storms during the observation period, 
and, secondly, individual peculiarities of par-
ticipating volunteers. 

The detected correlation between catalase 
activity and geomagnetic situation several 
hours prior to blood sampling might be weak 
due to absence of any direct effects produced 
by the Earth magnetic field on generation of 
hydrogen peroxide H2O2 in erythrocytes. In-
stead, we can see only indirect influence 
through dismutation reaction catalyzed by 
SOD that results in hydrogen peroxide forma-
tion and catalase activity changes accordingly 
(Figure 3).  

Conclusion. Therefore, there is indirect 
evidence that a change in production of super-
oxide radical is a mechanism of influence ex-
erted by the geomagnetic filed on living organ-
isms. Activation of free radical oxidation can 
make for development and aggravation of many 
diseases (especially cardiovascular and neuro-
psychic ones). Therefore it seems advisable to 
estimate responses by antioxidant protection 
system to geomagnetic fluctuations in case 
there are pathological changes in the body. 
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