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Abstract

Earthing is a direct contact with the earth or indirect with the use of a metal conductor. The earthing
eliminates potentials on body and influences physiological processes. We examined whether the earthing
influences glucose, lactate and bilirubin concentration in exercise and relaxation.

In a double-blind, crossover study, 42 participants divided into two groups basing on their utilization
oxygen were earthed during exercise and recovery sessions. In the first experiment group A was earthed,
group B unearthed, in the second experiment in the opposite way. The mean weight of participants in
group A was 77, 1 and 72,8 in group B. For the earthed group, after 15min of exertion we observed a
rise, after 30min decrease in glucose concentration, and in the 40min of relaxation a secondary rise.

For unearthed participants, we noted a decrease in glucose concentration after 15min of exertion and a
gradual rise later on. The baseline concentration of bilirubin was higher after earthing (p=0,006) in group
A (0,91£0,50) than in group B (0,55+0,22) and without earthing the difference was not significant
(p=0,13) in group A (0,85+0,46) and in group B (0,65+0,35). Earthing caused elevation of bilirubin
concentration in group A and reduction in group B both in exercise and relaxation.

It indicates that earthing modulates metabolism of erythrocytes and adjusts it to level of proper body
mass as a functional dielectric. Earthing during exercise helps the training organism to mobilize plasma
glucose for its muscular uptake and facilities more effective utilization in energetic processes.

Keywords: earthing, glucose, bilirubin, exercise, metabolism

Introduction
Earthing can be defined as a direct contact of human with the earth during barefoot walking,
running on grass, soil or while swimming in natural water reservoir. Earthing can be
accomplished by indirect contact with the earth by a grounded metal conductor connected e.g.
to the subject’s ankle of the leg. During the earthing, electrical charge does not merely remain
on surface of the body and neutralize a surface positive charge, but also changes the potential
in the aqueous environment of extracellular compartment of human organism. Earthing is
associated with the supply of a negative charge ['l. The contact via cooper conductor with the
earth causes elimination of the potential on surface of human body and leads to equalization
with the potential of the earth ['> 2], Previous studies showed that up and down movement of
unearthed human causes transient changes in electrical potential at selected measurement
points. During the same movement, the electrical potential of the earthed person remains
constant "1, Chevalier noted immediate decrease in skin conductance after earthing 1. In our
studies we observe similar alterations in electrical potential: in earthed subject the amplitude of
this potential is low and equals from -6 to +6 mV. In the unearthed the changes of amplitude
during the motion are greater from -400 to +400 mV [ 4. When the body is grounded, its
electrical potential becomes equalized with the earth's electrical potential [,
The contact with the earth influences physiological processes ©°l. It is associated with the
lowering of blood concentrations of sodium, potassium, magnesium, iron, ionized calcium,
inorganic phosphorus, and reduction of renal excretion of calcium and phosphates. The
earthing decreases blood glucose in patients with diabetes and causes reduction of serum
concentrations of total protein and albumins while it increases the concentration of globulins.
Seven-hour earthing of lower extremities in a night rest causes statistically significant
lowering of serum concentration of iron and increase of transferrin and ferritin .
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Earthing influences on surface charge of erythrocytes and
reduces blood viscosity what was proved by excellent study
performed by Chevalier et al. [, Several reports present the
effects of the earthing during the rest L In a recently
published study we demonstrated that earthing during the
exercise lowers blood urea concentrations during physical
exercise and relaxation and thus may inhibit the protein
catabolism or the increase of renal urea excretion ™. We
showed that earthing during exercise changes the protein
metabolism and reduces urea production and can have
influence of kidney filtration.

Exertion under earthing may result in positive protein balance
[4]

In this study, we test the hypothesis whether the contact of
human body with the earth using cable conductor during the
exertion and relaxation influences glucose and lactate
metabolism and bilirubin concentration as an end product of
hemoglobin catabolism.

Material and methods

Forty-two male volunteers were selected from a group of 60
students at the University of Physical Education and Sport in
Gdansk, Poland. All of the participants were informed about
details of the experiment and gave written consent. The ethics
committee approved the investigation, which was conducted
according to the principles expressed in the Declaration of
Helsinki. Participants had no requirements or restrictions
regarding their daily diet. Selection of the volunteers was
based on an exertion test performed on a bicycle ergometer
and on analysis of expired gases with the use of the Oxycon
Pro analyzer (Jaeger, Wuerzburg, Germany). Volunteers were
divided into two groups (A and B) based on maximal oxygen
uptake (VOamax) values. Subjects (n=18) with the highest and
lowest values of VOymax were excluded. Cut-offs were as
follows: minimal VOzmax = 40 ml/kg/min and maximal VOjmax
= 60 ml/kg/min. The other subjects (n=42) were divided into
two homogeneous groups consisting of 21 participants each
(Table 1). The crossover technique was applied. In the first
week of the experiment, individuals from group A were
earthed (A,) and those from group B were unearthed (B:). In
the second week of the experiment, individuals from group A
were unearthed (A;) and those from group B were earthed
(Bo). None of the participants knew if he was to be earthed for
70 minutes (30 minutes training exercise and 40 minutes of
recovery) in the first or in the second week of the experiment.
Tested persons had to perform two training exercises lasting
30 minutes on a bicycle ergometer once with earthing, and the
second time without earthing to the limit of 50% of VOamax.
Recovery lasted 40 minutes.

We measured the electrical potential of the body and blood
parameters. Blood samples were obtained before each training
session, after 15 minutes of exercise, after 30 minutes of
exercise, and after 40 minutes of recovery. During training,
continuous monitoring of physiological parameters was
performed. Earthing was performed with the system
consisting of four metal-plastic hypoallergenic bands wrapped
around the ankle of the leg at the beginning of the trial. Bands
were connected to conductors with a terminator clamp placed
on plumbing pipe. All participants had wrapped bands around
their ankles connected to a cable leading to a pipe through a
switch, which enabled earthing to be turned on and off. None
of the participants knew if he was connected or disconnected.
The Pomona Electronics (Everett, WA, USA) system was
used to earth the subjects during the exercise test. The
effectiveness of earthing of the person being tested and the

person performing the test was checked using the certified
tester, Pomona 6086. Biochemical analysis was conducted
with the use of the A-15 analyzer (Biosystems SA, Costa-
Brava, Barcelona, Spain). Glucose and lactate concentrations
were measured enzymatically with glucose oxidase, lactate
oxidase and peroxidase. Bilirubin concentrations were
measured enzymatically (mg/dl).

Statistical analysis of the results was performed using
repeated measures analysis of variance with a grouping
variable followed by post-hoc Fisher’s least significant
difference (LSD) test with alpha set at 0.05. The repeated
measures factors were as follows: 1) earthing or the lack of
earthing; and 2) four different time points of measurement
(rest, the 15th minute of exercise, the 30th minute of exercise,
and the 40th minute of rest). Grouping factors were in the
order in which the subjects were earthed. Intergroup
comparisons (earthed vs unearthed) were performed. p value
<0.05 was accepted as the level of statistical significance. To
minimize the familywise probability of a type I error, only
between-subject comparisons at the times 0, 15, 30, and 40
minutes were considered. All calculations were performed in
Statistica version 10 (StatSoft, Inc., Tulsa, OK, USA).

Table 1a: Characteristics of participants in groups A and B.
Parameters of participants of the experiment

Group A (n=21) Group B (n=21)
Age [years] 21.0£1.00 21.1+0.89
Weight [kg] 77.1x10.05 72.8+£6.22
Height [cm] 183.6+6.17 182.2+6.15
VO max 50.8+4.17 50.7+3.95

Table 1b. Conditions of the experiment

Date Start | Temperature | Humidity | Pressure | Altitude
time [°C] [%], [hPa] [m]
First w eek Group; A¢+B1
08.05 | 12.55 20 51 1017 16
09.05 | 07.53 19 49 1013 16
10.05 | 11.01 21 53 1014 16
11.05 | 08.05 23 54 1010 16
12.05 | 13.59 20 48 1016 16
14.05 | 14.01 20 48 1016 16
15.05 | 13.37 21 48 1008 16
Second week Group; A1 +Bo
16.05 | 08.33 19 50 1003 16
17.05 | 13.49 19 48 1010 16
18.05 | 08.17 18 47 1013 16
19.05 | 14.07 20 48 1012 16
21.05 | 14.08 24 60 1005 16
22.05 | 14.05 25 62 1008 16
23.05 | 08.02 23 62 1015 16
Results

Studies were conducted in a homogenous group of men in the
same room. Humidity and air temperature were similar in the
first and the second week of experiment. Mean atmospheric
pressure in the first week was 1013 hPa, in the second week
1009, 4 hPa. 50% VOmax in group A was 50, 8+4,7, in group
B was 50,7+4,95 ml O2/kg (p<0,6). Mean weight in group A
was 77, 1£10,05 kg and 72,8+6,22 kg in group B (p<0,13).

Oxygen consumption is displayed in fig. 1 a,b,c. In a group B
(with lower weight) there is significant lower oxygen
consumption at the end of the exertion when they are earthed.
For the earthed group, after 15" minute of exertion we
observed a rise in glucose concentration, after 30" minute a
decrease in glucose concentration, and in the 40" minute of
recovery, a secondary rise in glucose concentration (Fig.2a).
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For unearthed participants in group A, we noted a decrease in
glucose concentration after 15" minute of exertion and a
gradual rise in glucose concentration after 30" minute of
exertion and 40" minute of recovery (Fig.2b). The dynamic
curve of glucose concentration in the unearthed group B was
horizontal (Fig. 2c) Dynamic curves of glucose concentrations
were un-correlated when comparing the earthed and
unearthed males. The corresponding lactate concentration
curves were highly correlated in the groups of earthed and
unearthed subjects. The highest concentration of lactates was
observed in the 15" minute of exertion. (Fig.3 a,b,c).
Between-group differences were not statistically significant.

Bilirubin plasma concentration in group A was significantly
higher in both subgroups: earthed and unearthed than in
groups BO and Bl. We noted statistically significant
difference (p=0,006) in baseline levels of bilirubin between
groups A with higher weight and B with lower weight when
the subjects were earthed in the exertion and relaxation. The
mean difference in baseline is 0,36mg/ml. The baseline

concentration of bilirubin was higher after earthing in group
A (0,91£0,50) than in group B (0,55+0,22) and without
earthing the difference was not significant (p=0,13) in group
A (0,85%0,46) in group B (0,65+0,35).

Earthing in group A caused significant rise in bilirubin
concentration (A0) in comparison to unearthed (Al) in the
15" and 30% minute of exercise and and in the 40" minute of
relaxation Earthing in group B caused significant reduction of
bilirubin concentration (B0) in comparison to unearthed (B1)
both in the exercise and relaxation (Fig. 4 a,b,c ) (Table 2).
There are no statistically significant alterations in erythrocyte
amount in 1 mm?® (Table 3). We observe reduction of
hemoglobin concentration (g/100ml) after 15min of exertion
and 40min of relaxation in group B in earthed BO in
comparison to unearthed B1 (Table 4). Significant rise in
MCV (um?) in earthed from group B after 15 min of exertion
(BO) and earthed from group A after 40 min of relaxation in
comparison to unearthed was also noted (Table 5).

Table 2: Bilirubin concentrations in groups A and B Statistical significance in comparison between groups
*A0-Al LILIILIV, B1-BO LILIILIV, B1AO LILIILIV

I rest II (15min) III (30min) IV (40 min of relaxation)
A0 earthed | 0,91+0,50 I-II-11I 0,95+0,51 1I-1 0,98+0,53 III-I-IV 0,93+0,50 TV-111
Al unearthed | 0,85+0,46 I-1I-11I | 0,88+0,47 II-I-IV 0,88+0,43 III-1 0,85+0,43 IV-11
BO earthed | 0,55+0,22 I-1I-11I 0,58+0,24 1I-1 0,58+0,24 1I1-1 0,56+0,22
B1 unearthed 0,65+0,35 0,68+0,41 0,58+0,42 0,66+0,38

Table 3: Changes in amount of erythrocytes (T/1) in exertion and recovery

I (rest) II (15min of exertion) | III (30min of exertion) | IV (40 min of recovery)
A0 | 5,07+0,24 *I-1I-111 5,28+0,25 *II-IV 5,29+0,33 *I1I-IV 5,10+0,32
Al | 5,03+0,27 *I-II-1IT 5,26+0,31 *II-IV 5,25+0,21 *I1I-1IV 5,06+0,29
BO 5,00+0,28 *I-1I 5,12+0,28 *II-IV 5,10+0,43 *11I-1IV 4,96+0,38
B1 5,11£0,32""11 5,23+0,28 *II-IV 5,21£0,28 *I1I-1IV 5,08+0,41

* significant differences between phases at p<0.05

Table 4: Changes in hemoglobin (g/dl) concentration

I (rest) II (15min of exertion) | III (30min of exertion) | IV (40 min of rest)
A0 | 15,25+0,56 *I-1I-111 15,92+0,81 *1I-1V 15,97+1,05 *I-IV 15,36+0,94
Al | 15,15+0,88 *I-II-I1I 15,86+0,97 *1I-1V 15,84+0,69 *II-1V 15,21+0,66
BO | 15,05+0,80 *I-II-IIT ~15,46+0,87 *1I-1V 15,55+0,85 *II-IV ~15,01+0,83
B1 | 15,37+0,90 *I-II-1IT ~15,83+0,87 *1I-1V 15,73+0,95 *1I-IV ~15,39+0,96

* Significant differences between phases at p<0.05
~ Significant differences between groups at p<0.05

Table 5: Changes in MCV (fl) in exertion and recovery

I (rest) II (15min of exertion) | III (30min of exertion) | IV (40 min of recovery)
A0 | 86,87+3,11 *I-1I-111 86,39+3,05 *1I-IV 86,59+3,13 *III-1V ~86,88+3,02
Al 86,72+3,39 86,62+3,44 86,55+3,39 "86,61£3,26
BO 87,41£3,16 "87,2843,33 *II-1IV 87,42+3,11 87,3843,32
B1 87,17+£3,27 "86,99+3,35 87,24+3,52 87,29+3,51

* significant differences between phases at p<0.05 “significant differences between groups at p<0.05
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Fig 1a: Dynamic curves of oxygen consumption in 42 earthed
(Aot+Bo) and 42 unearthed subjects (A1+B1) x-axis
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Fig 1c: Dynamic curves of oxygen consumption in 21 earthed (Bo)
and 21 unearthed (B1) subjects
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Fig 2a: Dynamic curves of blood glucose concentrations in 42
earthed (Ao+Bo) and unearthed (A1+B1) subjects in two weeks
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Fig 2b: Dynamic curves of blood glucose concentrations of glucose
in 21 earthed (Ao) in the first week and unearthed (A1) in the second
week subjects
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Fig 2c: Dynamic curves of blood glucose concentrations in 21
earthed (Bo) in second week and unearthed (B1) in first week
subjects (* significant differences between phases at p<0.05).
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Discussion

Interpretation of results of these studies posed difficulties
since we observed different effects of earthing on various
parameters in groups A and B. Oxygen consumption on lkg
of mass in groups A and B was comparable. Total oxygen
consumption was dependent on body mass but we did not
received statistical significance. It can be the result of
different grade of training of the participants. There is a
correlation between maximal oxygen consumption and
amount of hemoglobin circulating in blood . In healthy
children and young individuals there is correlation between
the blood volume, human mass, body’s surface and height 1.
Chevalier et al. proved that blood oxygenation variance is
decreased during earthing, followed by a dramatic increase
after interruption of contact with the earth ! In our study in
the group B which consisted of subjects with lower weight the
oxygen consumption at the end of the exercise was elevated
when these subjects were not earthed. It means that when the
subjects were earthed they didn’t need to consume too much
oxygen as though they had to perform the same exercise
without earthing. Statistically significant lower oxygen
utilization at the end of the exercise in earthed subjects with
lower weight suggests dominance of anabolic processes in
this group. Earthed subjects with lower weight can have
predominance of anabolic processes, subjects with higher
weight under earthing can present predominance of catabolic
processes. In this study a homogeneous group of young,
healthy men with similar aerobic endurance measured by
maximal oxygen uptake was selected. These people had to
perform the same cycling exercise in two weeks of
experiment once earthed and the second time without earthing
or vice versa depending on the group they belonged.

Effects of earthing on glucose metabolism

Circulating blood glucose is a very important metabolic fuel
and a number of mechanisms are used to maintain adequate
blood glucose levels 'Y, Plasma glucose during exertion
comes from glycogenolysis, gluconeogenesis or from a
digestive tract. Glycogen is a major storage carbohydrate in
our body. It is stored mainly in the liver and skeletal muscle.
Glycogenolysis occurs in liver during the periods of fasting to
maintain blood glucose level. Muscle glycogen does not
directly provide free glucose due to the lack of glucose 6-
phosphatase enzyme in muscle. In exercise the glycogenolysis
dominates in an early stage during high intensity exercise.
The states of hypoglycaemia and hyperglycemia can occur
during the exercise, whereas plasma glucose concentration
usually remains relatively constant. As the blood glucose
level rises it stimulates the release and synthesis of insulin.
The glucose production in the liver increases during exercise
due to hepatic glycogenolysis and gluconeogenesis. The
former dominates during intense exercise. Gluconeogenesis
occurs in a prolonged exercise [''l. The glucose utilization
increases with the intensity of exercise and its duration,
thereby partially compensates for the progressive decrease in
the muscle glycogen concentration. The plasma glucose
utilization is lower in the trained state 1],

Glucose can be metabolized via alternative pathways
depending upon needs of cell and body. During the exercise
glucose is utilized in muscle cells. In an anaerobic
metabolism, lactic acid accumulates in the extracellular
environment during exercise. Although most organs generate
lactic acid, the largest amounts are produced by skeletal
muscle, erythrocytes and skin. Under normal conditions lactic
acid is eliminated by metabolic destruction of the acid rather

~ 11~

than by urinary excretion (131,

The study revealed differences in blood glucose concentration
during the exercise. The metabolism of glucose and lactate
during exertion behaves in a different way in the earthed
subjects and the same subjects who are not earthed. The
exercise stimulates the uptake in skeletal muscles. When the
duration of the exercise increases there is an increase in
glucose uptake compensating for the progressive decrease in
muscle glycogen concentration. Increased blood glucose
results in enhanced glucose uptake and disposal during the
exercise. The reduced levels of blood glucose may limit
muscle glucose uptake 4l In our experiment we observe the
tendency of blood glucose level to rise in the 15" minute of
exercise. 15 minutes after the onset of exertion the earthed
subjects have higher blood glucose concentration in
comparison to the unearthed subjects regardless of the week
in which they were earthed. It suggests that earthing during
exertion mobilizes glucose pool faster for more effective and
quicker utilization and accelerates thus muscle glucose
uptake, what is observed especially in the group with lower
mean weight [fig.1c]. The increased blood glucose pool
during early exercise possibly comes from glycogenolysis in
liver. Muscle glycogen does not directly provide free glucose
due to the lack of glucose 6-phosphatase enzyme in muscle.
Quite likely hepatic glycogen is the source of increased
plasma glucose in the first 15 minutes ['”). The glycogenolysis
dominates in early intensive exercise. The rate of
gluconeogenesis is increased when exercise is prolonged. In
our study hepatic glycogenolysis may be intensified in people
earthed during first 15 minutes of exercise. Later on in the
30" minute of exertion glucose levels in the earthed and
unearthed are similar. It means that unearthed subjects need
more time for glucose mobilization and consumption by the
muscles and that not only epinephrine, but also contact with
the Earth’s potential stimulates hepatic glycogenolysis. The
disposal of lactic acid in both groups is similar. Lactate
production doesn’t differ very much between the earthed and
unearthed. Lactates are elevated in both groups in the 15" min
of exercise. In general at the beginning of the exercise there is
a transient rise in lactate output. With increasing duration of
exercise the liver gradually shifts from a lactate- producing to
a lactate- consuming state [l We observe diminished
concentration of lactic acid after 30 minutes of exertion and
next after 40 minutes of relaxation in both groups the earthed
and unearthed. During the first 15 minutes, the concentration
of lactates in earthed and unearthed is the highest without
significant differences between these two groups [Fig.3].
Earthing can also influence acido-basal homeostasis changing
conditions of the carbohydrate metabolism during the
exertion. For instance increased pH can result in increased
lactate accumulation but regulation of this process is
multifactorial 16 171,

We notice that the disposition to increase glucose pool during
early stage of exertion under earthing for its effective
utilization in training muscles in our opinion could be
observed in longer duration and higher intensity of exertion.

Effect of earthing on bilirubin formation

Processes of creation and degradation of erythrocytes take
place in human body in bones, circulating system, spleen and
liver. The amount of red blood cells is adjusted precisely to
pathological and physiological changes of environment. Total
surface of erythrocytes account 3500 to 4000 m?. The amount
of hemoglobin on 1 cm? of erythrocytes surface is almost the
same in all mammals [*]. There is correlation between
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maximal oxygen consumption and amount of hemoglobin
circulating in blood ™. In healthy children and young
individuals there is a correlation between the blood volume,
human mass, body’s surface and height ©!.

Hemoglobin is released out from red blood cells when their
membrane rupture at the end of their span. Red cells
destruction usually occurs in the spleen which is the major
site of heme catabolism. The heme is the prosthetic group of
several proteins and enzyme including hemoglobin,
myoglobin, cytochrome C, catalase and peroxidases ['8l. The
first degradation step is the rupture of heme to form
biliverdin. Biliverdin is then reduced to bilirubin. Bilirubin is
transported to the liver by serum albumins. In the liver
bilirubin is conjugated with glucuronic acid and is secreted
into the bile. Erythrocytes total amount and hemoglobin
concentration are in every moment expression of the state of
balance between the erythrocytes production and degradation.
The hemoglobin buffer is quantitatively as important as the
bicarbonate buffer system ['8],

Normally exercise induces heme catabolism and bilirubin
creation. Plausible mechanism of increased hemolysis in
exercise and thus elevated heme catabolism and bilirubin
creation are oxidative stress during aerobic training.
Intravascular hemolysis is one of the most emphasized
mechanisms for destruction of erythrocytes during and after
physical activity. Exercise induced hemolysis is cause by
increased heel strike, elevated temperature and just
mentioned- oxidative stress during aerobic training. Exercise
induced oxidative stress may contribute to exercise-induced
hemolysis in sedentary humans [ Swift et al. found that
only the highest dose of exercise training significantly
increases bilirubin concentration in overweight and obese
postmenopausal women 2%, Elevated serum bilirubin levels
are associated with decreased risk for cardiovascular diseases
(211 reduced risk of stroke ??! and peripheral arterial disease
(231, Bilirubin levels below 0,7-0,8 corresponds to a greater
risk of cardiovascular disease. There is the evidence that
lower body fat and reductions in weight are associated with
the elevated bilirubin levels 4. Damon et al. revealed that
high doses of exercise can increase bilirubin concentrations in
obese women (mean BMI = 32kg/m?) with impaired glucose
metabolism %1, Bilirubin concentration rises in exercise due
to increased activity of heme-oxygnase-1- the enzyme
responsible for the conversion of biliverdin to bilirubin and
elevated core temperature. The earthing increases the surface
charge on erythrocytes and reduces erythrocytes aggregation
(1. Grounding the body to the Earth substantially increases the
zeta potentials on erythrocytes. Earthing increases bilirubin
formation in subjects who have higher weight and reduces
concentration of bilirubin due to reduced hemolysis in
subjects with lower weight. Our results indicate that earthing
modulates the metabolism of erythrocytes and adjusts it to the
level of proper body mass and to needs of the training
organism. Subjects from group B with lower weight who have
lower oxygen consumption during earthing have
concomitantly lower levels of bilirubin under earthing both in
baseline as well in exercise and relaxation. These subjects
with lower weight who are earthed produce less amount of
bilirubin than subjects who are not earthed during exercise.
On the other hand the same subjects who are earthed in group
B consume less oxygen than subjects who are not earthed.
Earthing can be an important factor which decreases exercise-
induced hemolysis and possibly may be responsible for the
reduction of oxidative stress.

Why can insignificant difference in weight in groups have

~ 1~

such a huge impact on quite different metabolism of
erythrocytes and formation of bilirubin? In our study we
observe that the blood concentration of bilirubin during
exercise and earthing depends on weight of subjects.

Earthing leads to increase of the negative charge density and
neutralizes free radicals 2], Human organism is a functional
dielectric with the oxidation-reduction potential adjusted to
time and space. Although the body produces large amounts of
acid the pH of the body fluids is maintained in an alkaline
state 7,4. Most of the hydrogen is formed as an end product
metabolism. Most of the CO, is derived from oxidative
metabolism. In blood, the chief H+ acceptor is HCO;-. CO,
and water are the most abundant end products at metabolism.
Because CO; readily penetrates cellular membranes, H,COj is
buffered by entire body. The plasma pH is 7,4 is higher than
intracellular pH of erythrocyte 7,2. The major buffer capacity
of the body is not in the blood, but in other tissues, principally
in the muscle and in bone ['"l. In aerobic organism, the
ultimate acceptor of electrons derived from fuel molecules is
molecular oxygen. Oxidation constitutes a loss of electrons.
Reduction constitutes a gain of electrons.

In this experiment we have two electrolytic conductors
perpendicular to each other; the earth and the human
organism. These objects are in an external electromagnetic
field. The reduction potential of the Earth transmitted with a
metal conductor on human organism sets the integrity and
continuity of hydrogen bonds of aqueous environment of
human organism, changes redox potential of this
environment. Thus the earth’s potential is responsible for the
elimination of potentials and reduction potential of the
aqueous environment of the earthed organism leading to the

synchronization and integration of metabolism in blood cells
[1]

Conclusions

The earthing during exercise helps the training organism to
mobilize plasma glucose for its muscular uptake and facilities
more effective utilization in energetic processes. Earthing
causes elevation of bilirubin concentration in a group of
athletes with a higher weight and reduction in a group with a
lower weight during exertion and recovery. Earthing
modulates erythrocytes’ metabolism and adjusts it to the level
of proper body mass as a functional dielectric. Further studies
are needed to reveal all metabolic mechanisms and reactions
in exercise under earthing.

References

1. Sokal K, Sokal P. Earthing the human organism
influences bioelectrical processes. J Alt Compl Med.
2012; 18:229-234. DOI: 10.1089/acm.2010.0683.

2. Applewhite W. The effectivness of conductive (betch)
and a conductive bed pod in reducing (influenced) human
body voltage via the application of Earth ground Eur.
Biol. Electromagn 2005; 1:23-40.

3. Chevalier G. Changes in pulse rate, respiratory rate,
blood oxygenation, perfusion index, skin conductance
and their variability induced during and after grounding
human subjects for 40 minutes. J Alter Compl Med.
2010; 16:81-87. DOI: 10.1089/acm. 2009.0278.

4. Sokal P, Jastrzebski Z, Jaskulska E, Sokal K, Jastrzebska
M, Radziminski L et al. Differences in Blood Urea and
Creatinine Concentrations in Earthed and Unearthed
Subjects during Cycling Exercise and Recovery.
Evidence-Based = Complementary and  Alternative
Medicine 2013, Article ID 382643



International Journal of Physical Education, Sports and Health

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

DOI: http://dx.doi.org/10.1155/2013/382643

Sokal K, Sokal P. Earthing the human body influences
physiologic processes. J Alt Compl Med. 2011; 17:301-
308. DOI: 10.1089/acm.2010.0687

Chevalier G, Sinatra S, Oschman J.L, Delany R.M.
Earthing (Grounding) the human body Reduces blood
Viscosity - a major Factor in Cardiovascular Disease. J
Alter Compl Med. 2013; 19:102-110.

DOI: 10.1089/acm.2011.0820

Chevalier G, Sinatra ST, Oschman JL, Sokal K, Sokal P,
Earthing: health implications of reconnecting the human
body to the Earth’s surface electrons, Journal of
Environmental and Public Health, 2012, Article ID
291541 DOI: http://dx.doi.org/10.1155/2012/291541
Astrand P.O. Experimental studies of physical working
capacity in relation to sex and age. Munsgaard,
Copenhagen, 1952.

Cropp GJ. Changes in blood and plasma volumes during
growth. J Pediatr. 1978; 78:220-229.

Wahren J, Felig P, Ahlborg G, Jorfeldt L. Glucose
Metabolism during Leg Exercise in Man. J Clin Investig.
1970; 50:2715-2725.

Kjaer M. Hepatic glucose production during exercise.
Adv Exp Med Biol 1998; 441:117-27.

Coggan AR. Plasma glucose metabolism during exercise
in humans Sports Med. 1991; 11:102-124.

Bullock J, Boyle J, Wang MB. Physiology 2nd ed.
Philadelphia: Williams &Wilkins 1991; 257-288:335-
421.

Wasserman DH, Connolly CC, Pagliassotti MIJ.
Regulation of hepatic lactate balance during exercise.
Med Sci Sports Exerc 1991; 23:912-919.

Best CH, Taylor NB. Editors. The physiological basis of
medical practice. 8" polish ed. Baltimore: The Williams
and Wilkins Company, 1966, 556-564.

Hargreaves M. Skeletal Muscle Glucose Metabolism
during Exercise: Implications for Health and
Perfomances. J Sci and Med in Sport. 1998, 195-202.
LeBlanc PJ, Parolin ML, Jones NL, Heigenhauser GlJ.
Effects of respiratory alkalosis on human skeletal muscle
metabolism at the onset of submaximal exercise. J
Physiol. 2002; 544:303-313.

DOI: 10.1113/jphysiol.2002.022764

Davidson VL, Sittman D. Biochemistry 3rd. ed.
Philadelphia: Harwal Publishing, 1994, 471-485:511-518.
Sentiirk UK, Gunduz F, Kuru O, Kocer G, Ozkaya YG,
Yesilkaya A. et al. Exercise-induced oxidative stress
leads hemolysis in sedentary but not trained humans. J
Appl Physiol. 2005; 99:1434-1441.

DOI: 10.1152/japplphysiol.01392.2004

Swift DL, Johannsen NM, Earnest CP, Blair SN, Church
TS. The Effect of Different Doses of Aerobic Exercise
Training on Total Bilirubin Levels. Med. Sci. Sports.
Exerc 2012; 44:569-574.

DOI: 10.1249/MSS.0b013e3182357dd4.

Novotny L, Vitek L. Inverse Relationship between Serum
Bilirubin and Atherosclerosis in Men: A Meta-Analysis
of Published Studies. Exp Biol Med 2003; 228:568-571.
Perlstein TS, Pande RL, Creager MA, Weuve J, Beckman
JA. Serum Total Bilirubin Level, Prevalent Stroke, and
Stroke Outcomes: NHANES 1999-2004. Am J Med.
2008; 121:781-788.

DOI: 10.1016/j.amjmed.2008.03.045.

Perlstein TS, Pande RL, Beckman JA, Creager MA.
Serum Total Bilirubin Level and Prevalent Lower-

~13~

24.

25.

26.

Extremity Peripheral Arterial Disease: National Health
and Nutrition Examination Survey (NHANES) 1999 to
2004. Arterioscler Thromb Vasc Biol 2008; 28:166-172.
DOI: 10.1161/ATVBAHA.107.153262.

Djoussé L, Levy D, Cupples LA. Total serum bilirubin
and risk of cardiovascular disease in the Framingham
offspring study. Am J Cardiol. 2001; 87:1196-1200. DOI:
http://dx.doi.org/10.1016/S0002-9149(01)01494-1.
Damon L. Swift, Ph.D, Neil M. Johannsen, Conrad P.
Earnest, Steven N. Blair, Timothy S. Church. Medicine
and Science in Sports and Exercise Effect of Different
Doses of Aerobic Exercise Training on Total Bilirubin
Levels. Med Sci Sports Exerc 2012; 44:569-574.
Oschman J. Can Electrons Act as Antioxidants? A
Review and Commentary. J Altern. Compl. Med. 2007,
13:955-967. DOI: 10.1089/acm.2007.7048.



