Electrolyte Physiology In Physical Exercise
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ABSTRACT
Physical activity causes various changes in the body's regulatory system, these changes are
influenced by the type, frequency, duration, and intensity of the exercise. One of the
changes is sweating to regulate body temperature. The fluid that comes out through sweat
contains water and electrolytes such as sodium and potassium which are important for
body metabolism. Electrolyte balance affects fluid balance and cell function. When
exercise, increased sodium can occur due to a deficit in body fluids due to water excretion
that far exceeds sodium excretion and insufficient water intake. The increase in serum
potassium levels occurs due to the transfer of potassium from the intracellular fluid (CIS)
to the extracellular fluid (CES), which is then excreted together with sweat as a result of
increased body heat. The increase in serum calcium levels after physical activity is caused
by the activation of the body's homeostasis mechanism to maintain normal serum calcium
levels as an essential substance in the process of muscle contraction. There is also a
temporary transfer of magnesium from the extracellular fluid to the skeletal muscle tissue
so that the amount of magnesium contained in the skeletal muscle increases while the
plasma magnesium concentration decreases. Changes in electrolyte levels due to physical
exercise are influenced by the type, duration, and intensity of exercise performed. so that
the amount of magnesium contained in skeletal muscle becomes more while the plasma
magnesium concentration decreases. Changes in electrolyte levels due to physical exercise
are influenced by the type, duration, and intensity of exercise performed. so that the
amount of magnesium contained in skeletal muscle becomes more while the plasma
magnesium concentration decreases. Changes in electrolyte levels due to physical exercise
are influenced by the type, duration, and intensity of exercise.
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1. INTRODUCTION
Physical activity that involves body movements in a planned, structured and repetitive way to
increase fitness is the definition of physical exercise. Physical activity can cause various
changes in the body's regulatory system, these changes are influenced by the type, frequency,
duration, and intensity of exercise (Sjostrom et al., 2009).
Sweating is a biological process that occurs during exercise which functions to regulate body
temperature. Increasing the amount of sweat is one of the body's mechanisms to help
maintain body temperature during periods of excess heat as a form of compensation for the
body to changes due to physical exercise (Sherwood, 2011). When excessive sweating, the
body becomes dehydrated due to losing a lot of body fluids and electrolytes. Lots and rate
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loss of body fluids through sweat depends on the intensity of exercise, individual factors,
environmental conditions, fitness level, and hydration status (Sprenger, 2011).
Loss of body fluids or dehydration of 1-2% of body weight can affect the physiological
functions of the body and negatively impact the athlete's performance. Dehydration of more
than 3% of body weight can increase the risk of cramps, severe fatigue, and heat stroke
(Benardot, 2006). Even can cause weight loss, if it reaches 5-10% it causes someone to fall in
serious condition (Guyton, 2008).
Losing body fluids and electrolytes during exercise can cause dehydration which can interfere
with the athlete's performance (Wilmore et al., 2008). Loss 2-4% of fluids can reduce the
athlete's performance by up to 10% (Adiguna, 2013; Supriyono, 2012).
The fluid that comes out through sweat contains water and electrolytes such as sodium and
potassium which are important for body metabolism. Losing fluids and electrolytes for a long
time can reduce endurance, cause cognitive impairment, disrupt energy balance, accelerate
fatigue, reduce aerobic capacity, and impair cardiovascular function (Cardwell, William,
2006; Supriyono, Putriana, 2012).
Some of the main minerals that make up sweat include sodium, potassium, and chloride. So
that the rate of expulsion of sweat is directly proportional to the rate of loss of sodium,
potassium, and chloride in the body (Irawan, 2007). If too much sweat is lost, a person can
experience a significant decrease in performance.
Electrolytes are compounds contained in a solution that dissociate into positively and
negatively charged ions. Electrolytes are important in regulating fluid balance and cell
function. In the two compartments of body fluid, there are several cations and anions
(electrolytes) which are important in regulating fluid balance and cell function. The real
difference between extracellular and intracellular fluid lies in cations (FKUI, 2012).
Electrolyte balance is very important because it affects fluid balance and cell function. There
are two important cations, namely sodium and potassium. Both affect the osmotic pressure of
the extracellular and intracellular fluid and are directly related to cell function. Minerals and
electrolytes in the body can affect muscle contraction. During contraction, muscle cells
require energy produced by mitochondria (Barthwal, 2004).
The electrolyte minerals lost through sweat have various functions that support athlete's
performance, so these electrolyte losses must be replaced quickly. The function of sodium is
to help glucose absorption. Sodium also functions for muscle contraction with potassium.
These two minerals also play an important role in maintaining body fluid balance and
cardiovascular function (Siregar, 2016).
The mineral potassium together with sodium plays an important role in the mechanism of
muscle fatigue, which plays a role in maintaining the depolarization of sarcolemmal and ttubular membranes. Disturbance in the depolarization of sarcolemma and the t-tubular
membrane will cause disruption of intracellular Ca + ion regulation. Ca + ion plays a role in
muscle contraction, namely to open the myosin cross-bridge so that it can bind actin.
Movement on the myosin cross-bridge will cause muscle contraction. Changes in electrolytes
and disturbances in fluid balance in the body will affect the depolarization of sarcolemma and
t-tubular membrane which causes Ca + ion activation and disrupted energy supply so that
muscle contraction weakens and causes muscle fatigue. Increased activity of Na +, K +, and
ATPase can stabilize Na and K concentrations in the membrane to prevent muscle fatigue
(Konopka et al, 2013; Powers et al, 2011; McKenna et al, 2007).
2. DISCUSSION
There are five major groups of sources of fatigue, one of which is metabolic fatigue,
associated with homeostatic disorders, including decreased electrolyte levels of body fluids.
Another factor is neurological fatigue (fatigue in the muscles due to reduced working
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capacity of the neuromuscular system); neurological fatigue (reduced working capacity of the
central nervous system); psychological exhaustion (related to social, emotional, and cultural
conditions); fatigue due to travel and environmental conditions, both temperature and
humidity (Hornery et al, 2007). People who do physical exercise in climates with higher
temperatures will more often experience fluid and electrolyte loss so they can become
dehydrated with a sweat output rate of up to 1-2 liters/hour (Wiarto, 2013).
During physical exercise, there may be changes in the value of sodium levels in the body. A
study on football players showed that there was no significant difference in electrolyte levels
(Engka et al., 2003). Similar research on handball players shows that there is a decrease in
sodium levels after the game, but this value is not significant enough (Koc et al, 2011).
Another study of ice hockey players also showed that there was a significant change in
sodium levels after the game and 33% of these players experienced mild dehydration
(Sprenger, 2011).
This research is also in line with the research conducted by Wahyudi et al. Most of the
respondents in this study experienced an increase in sodium levels. This increase in sodium
can occur due to a deficit in body fluids due to sweating due to water excretion that far
exceeds sodium excretion and is coupled with less water intake.
In another study of junior high school children, he did a physical exercise test using a
treadmill and the results were that some respondents experienced a significant decrease in
sodium levels, but the difference was that they only used 10 minutes of exercise time
(Wahyudi, 2008).
In the study of Lesar et al, most respondents experienced an increase in sodium levels (Lesar
et al, 2016). This increase in sodium can occur due to a deficit in body fluids due to sweat
expenditure due to water excretion which far exceeds sodium excretion and is coupled with
insufficient water intake (Madjid et al, 2008). People who regularly do physical exercise may
experience acclimatization or adaptation in their bodies. People who have acclimatized to hot
climates and already sweating frequently can cause reduced salt expenditure through sweat
(Wadud, 2012).
Adaptation is a change in the structure or function of the organs of the body which is more
sedentary, due to following or as a result of regular physical exercise over some time.
Adaptation reactions will only arise if the training load given the intensity is sufficient and
lasts long enough (Wiarto, 2013)
Wadud et al in their research on sports education students found an increase in sodium levels
after their respondents did the aerobic and anaerobic physical activity. However, statistically,
only anaerobic exercise participants experienced a significant increase in sodium, while the
aerobic exercise group did not (Wadud, 2012).
Potassium is a chemical element of the alkali metal group with the symbol K + on the
periodic table, has an atomic number of 19, and a standard atomic mass of 39,098 (Mulyono,
2009). Potassium is one of the most abundant substances found in intracellular fluid with an
amount of 140 mmol / L and 4 mmol / L in extracellular fluid and has an opposite function to
sodium (Na+) (Murray et al, 2006).
Potassium is needed by the human body in small amounts, but if potassium levels in the
blood are reduced it can cause several disorders in the body, such as gastrointestinal
disorders, cardiovascular system disorders, and metabolic disorders. If the potassium level
increases, it can cause several disorders such as muscle weakness, decreased consciousness,
and paralysis of the muscles or respiratory system (Grober, 2009).
The value of potassium levels in the blood can change during physical activity. Research by
Vollestad et al showed different results, in 10 healthy men found a decrease in blood
potassium levels after exercising a bicycle for 10 minutes (Vollestad et al, 1994). Nielsen et
al. Conducted a study on six men with the age of ± 25 years and height of ± 185 cm found
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that there was a decrease in blood potassium levels 2.2 minutes after pedaling 60 times per
minute with a supine position on the ergometer, this study was conducted for 32 training
sessions (5 minutes for every session) over 7 weeks (Nielsen et al, 2003).
However, other studies show different results. A study by Hutchinston of 30 healthy adults
with an average age of 23-63 years found that 29 out of 30 had increased blood potassium
levels after jogging for 30-45 minutes (Hutchinson et al, 1992). Similar to the study by
Medbo et al. Of 10 long-distance runners and 10 short-distance runners who found a very
significant increase in blood potassium levels while on a treadmill, and after doing a
treadmill, blood potassium levels decreased slightly from the values before physical activity
(Medbo et al., 1990).
Likewise, the results of AlNawaiseh et al's research on 10 running athletes from Jordan found
that there was an increase in potassium levels after doing the treadmill for the first 15 minutes
in a room designed to control heat and humidity during exercise (Al-Nawaiseh et al., 2013).
Another study by Meludu et al. found that there was an increase in blood potassium levels
after exercising an ergometer bicycle for three minutes with a pedal frequency of 90
revolutions per minute (Meluda et al, 2002).
This increase in serum potassium levels can occur when doing physical activity, due to the
transfer of potassium from the intracellular fluid (CIS) to the extracellular fluid (CES). This
transfer of potassium from intracellular to extracellular occurs because during activity,
potassium in the extracellular fluid is released together with sweat as a result of increased
body heat, and to maintain potassium levels in the extracellular, the potassium from the
intracellular moves to the extracellular (Grober et al., 2009).
Calcium is the most common cation in the human body. Calcium has an important function in
the physiology of muscle tissue, nerve tissue, and also in bones where calcium deposition and
resorption occurs. When the resorption process that occurs is higher than the deposition
process, a disease known as osteoporosis occurs (Goldberg, 2012).
The increase in serum calcium levels that occurs after physical activity can be caused by the
activation of the body's homeostasis mechanisms to maintain normal serum calcium levels.
During physical exercise, the body requires calcium as an essential substance in the process
of muscle contraction (Guyton, 2007).
The increase in calcium levels occurs by increasing the process of calcium reabsorption in the
kidneys and the process of taking calcium from the bones together with the excretion of
fluids through sweat causing the body fluids to become more concentrated (Lieben et al,
2012; Brouns et al., 1992). Calcium is mostly excreted through urine (20-300 mg/day) and a
small part through sweat (35 mg/day) (National Institutes of Health, 2012; Rianon et al,
2003).
A study by Mao showed that 20 mg of calcium was excreted within 1 hour during soccer
training in a hot place. The level of total calcium excreted through sweat is almost equal to
the daily amount of calcium excreted in the urine, which is a ratio of 0.92. It shows high
temperature and minimal ventilation at the study site as a factor that triggers the calcium
released through sweat which caused a decrease in serum calcium levels in some respondents
(Mao et al, 2001).
Research by Rompas shows a varied picture of changes in calcium levels before and after
moderate-intensity physical exercise, but the value is still within normal limits because some
respondents experienced changes in serum calcium levels below 2 mg / dL (Rompas et al.,).
This is in accordance with Edwards' opinion that serum calcium levels are maintained in a
narrow level, namely not exceeding 2 mg / dL (8.5 mg / dL-10.5 mg / L ± 0.5 mg / dL)
(Edwards, 2005).
Magnesium is the fourth most abundant cation in the body after sodium, calcium, and
potassium. Magnesium is also the most abundant intracellular cation in the body after
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potassium. Magnesium has an important role in catalyzing more than 300 enzymatic
reactions in the human body (Iriani, 2006).
Magnesium is a versatile mineral that has several major implications concerning physical
activity. While doing physical activity, changes can occur on the mineral levels of the body
according to the intensity and duration of exercise (Hazar et al., 2013).
Magnesium deficiency can cause weakness, tremors, seizures, cardiac arrhythmias,
hypokalemia, and hypocalcemia. The causes of hypomagnesemia include lack of intake,
impaired absorption, and increased excretion (drugs, alcohol, diabetes mellitus, kidney
tubular disorders, hypercalcemia, hyperthyroidism, aldosteronism, stress) (Elin, 1988).
Getting older can cause a decrease of magnesium levels because magnesium absorption in the
intestine decreases and magnesium excretion increases (Bhuto et al, 2005). Hypomagnesemia
can occur because the respondent's job includes a heavy-intensity physical activity which
makes the body need more magnesium, and coupled with magnesium intake through food
that cannot meet the body's nutritional needs (Topf et al., 2003; Hartwig, 2001). The
condition of respondents who do heavy work is not balanced with a balanced intake and the
habit of consuming alcohol can cause low magnesium levels (Bhuto, 2005).
Research conducted by Hsu et al on the trained and untrained groups showed a significant
decrease in serum magnesium levels after exercise (Hsu et al, 2007). Another study was also
conducted by Mooren et al, the result showed significant decrease in serum magnesium levels
after treadmill exercise. Research conducted by Buchman et al also showed a significant
decrease in serum magnesium levels after running a marathon (Buchman et al, 1998). Casoni
conducted a study on 11 trained athletes and 30 control groups, there was a decrease in serum
magnesium levels after running as far as 25 km (Brilla et al, 1999).
A significant difference is found in the study conducted by Meludu et al, the subjects
performed anaerobic exercises after daily activity and the result showed an increase in serum
magnesium levels (Meludu et al, 2002).
Research conducted by Rayssiguier et al showed the amount of magnesium contained in
skeletal muscle increases while the plasma magnesium concentration decreases. This due to a
temporary shift of magnesium from the extracellular fluid to the skeletal muscle tissue. A
decrease in plasma magnesium levels can also occur due to a shift in magnesium from plasma
to erythrocytes. This reduction in plasma magnesium may be accompanied by an increase or
decrease in erythrocyte magnesium depending on adaptation to exercise. Another mechanism
is that plasma magnesium decreases when lipolysis increases. When the body requires fatty
acids to be used as muscle energy, lipolysis will occur which causes a decrease in plasma
magnesium (Rayssiquier et al, 1990).
Magnesium requirements are higher during exercise, especially during vigorous-intensity
training. During physical exercise, magnesium is redistributed in the body to accommodate
metabolic needs (Geiger et al, 2012).
Physical activity requires energy production to increase muscle work. The energy required
for muscle contraction comes from ATP hydrolysis, this reaction requires magnesium. In
skeletal muscle, magnesium attaches to ATP before thick-filament myosin ATPase can
hydrolyze ATP. Magnesium is also important for calcium-magnesium ATPase enzyme
activity which is needed to pump calcium back into the sarcoplasmic reticulum to induce
relaxation. The adrenergic outflow which stimulates lipolysis and induces entry of
magnesium to adipocytes contributes to the decrease in serum magnesium with exercise
(Brilla et al, 1999).
In a study conducted by Meludu et al. in anaerobic exercise every day after intermittent
activity, the result is an increase in serum magnesium levels. There was an increase in serum
magnesium levels and persisted 12 hours after exercise. This is due to exercise-provoked
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magnesium shifts in which there is increased intracellular magnesium loss (Meludu et al.,
2002).
Electrolyte administration must be adjusted to the number of electrolytes lost through sweat.
However, these needs depend on the duration and intensity of training as well as
environmental conditions and temperature (Siregar, 2016).
3. CONCLUSION
Changes in electrolyte levels due to physical exercise are influenced by the type, duration,
and intensity of the exercise.
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