
Metabolome Changes In The Blood
During Dehydration In Aerobic Exercise

Item Type text; Electronic Thesis

Authors Chen, Alicia Rena

Citation Chen, Alicia Rena. (2019). Metabolome Changes In The Blood
During Dehydration In Aerobic Exercise (Bachelor's thesis,
University of Arizona, Tucson, USA).

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:16:51

Item License http://rightsstatements.org/vocab/InC/1.0/

Link to Item http://hdl.handle.net/10150/632795

http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/632795


METABOLOME CHANGES IN THE BLOOD DURING DEHYDRATION IN 

AEROBIC EXERCISE 

By 

Alicia Rena Chen 

____________________ 

 
 

 
A Thesis Submitted to The Honors College 

 
In Partial Fulfillment of the Bachelors degree 

With Honors in 
 

Physiology 
 

THE UNIVERSITY OF ARIZONA 
 

M A Y  2 0 1 9  
 
 
 
 
 
 
 
 

Approved by: 
 
____________________________ 
 
Dr. Doug Keen 
Department of Physiology 

 
 



Abstract  
 
Background: Dehydration has detrimental effects on exercise performance seen starting 
around a 1% body mass loss (BML). A past study found that Kona deep-ocean mineral 
water provided better rehydration compared to water and a carbohydrate sports drink 
(Keen et al., 2016). With this knowledge, a total metabolomic analysis will be done to 
determine what metabolites play a role in hydration, ultimately to be used to decrease 
or prevent dehydration in aerobic exercise. 
 
Findings: A literary analysis of plasma metabolomic changes in aerobic exercise cross-
referenced with dehydration was completed and will be used to check the validity of 
protocol and expected values in the corresponding laboratory. Plasma cortisol, 
catecholamines, lactate, potassium, alanine, glutamate, and sodium levels all increased. 
Glucose decreased with longer duration activity with hydration state not playing a large 
role, urea levels also decreased with hypohydration but were not affected by exercise 
intensity, and AMP levels in the muscle increased but to the same level regardless of 
hydration state. 
 
Conclusions: With a better understanding of the changes of key metabolites in the 
blood, these findings can go towards creating a more efficient source of hydration to 
either prevent the effects of dehydration or minimize them.  
 
 
 

 

 

 

 

 

 



Introduction 

Water is a large component of our bodies, with men being around 60% and women 

being around 50% (Shephard, 1991). Women tend to be composed of less water than 

their male counterparts due to their higher fat content. However, a loss of 1-3% of total 

body mass leads to noticeable impairments such as decrease exercise and cognitive 

performance. Dehydration occurs when there is a greater loss of fluids than that being 

replenished in our bodies to maintain homeostasis. The Adequate Intake (AI) of total 

water for young men and women (age 19-30) is 3.7L and 2.7 L daily, respectively, and 

varies depending on location of residence and activity level (Dietary Reference Intakes 

for Water, Potassium, Sodium, Chloride, and Sulfate, 73). Mild to moderate symptoms 

are increased thirst, dry mouth, tired or sleepy, decreased and more concentrated urine 

output, headache, dry skin, dizziness, and few or no tears. Severe symptoms include: 

greatly decreased urine output or no urine with a deep amber color, inability to stand or 

walk due to lightheadedness, blood pressure drops when standing, rapid heart rate, 

fever, poor skin elasticity, lethargy, seizure, and/or shock.  

There are several ways to measure the hydration state of a person, the two most 

common are urinalysis and a blood sample. In a urinalysis, factors such as color, clarity 

urine specific gravity, and the presence of ketones in the urine are measured. Diabetics 



with glucose in their urine is a sign of dehydration. Blood chemistry, specifically the 

amounts of electrolytes, glucose, and a complete blood count can also be examined. 

Normal ranges for common electrolytes are: Na1+ (134 to 145mEq/L), Mg2+ (0.70 to 0.95 

mmol/L), P (0.8 to 1.3 mmol/L), K1+ (3.5 to 5 mmol/L), Ca2+ (2.20 to 2.55 mmol/L), with 

fasting blood sugar ranging from 3.9 to 5.5 mmol/L. Another way of quantifying 

hydration status is to look at plasma osmolarity from a salivary sample. Normal plasma 

osmolality is 275-290 mOsmol/kg. In acute dehydration, salivary osmolality increases to 

298 +/- 4 mOsmol/kg (Walsh et al., 2004). Additional effects include salivary flow rate 

decreasing and total salivary protein increasing. Total plasma volume decreases with 

dehydration as well.  

Performance and cognitive abilities suffer when we are not at our optimal hydrated 

state, starting as little as less than 1% body mass loss (BML). At greater losses, more 

noticeable impairments are seen. At 1.8% BML there is lower cycling power output and 

slower cycling speed (Adams et al., 2018). Coincident with this is that dehydration raises 

the core temperature of the body by both an impaired sweat sensitivity and decreased 

skin blood flow, not allowing the body to distribute heat to its environment. This can 

lead to one of two different types of heat exhaustion; one being caused by water 

depletion and the other, salt depletion. More serious cases of impaired 



thermoregulation can lead to heat stroke (Subudhi et al., 2013). In addition, exercise-

induced dehydration has a detrimental impact on cognitive performance seen 

immediately after exercise. A reaction time test was used to measure cognitive function 

at baseline, post-exercise, and hourly throughout recovery. There were no significant 

findings in self ratings of alertness and energy. Reaction time is improved immediately 

after aerobic exercise regardless of fluid loss (<2% body mass loss). Further studies on 

repeatability of cognitive performance following exercise-induced dehydration should 

be done for accuracy. Beverage type (water, Powerade, Sustagen sport) has no effects 

on cognitive function after rehydration. Acute-exercise itself enhances cognitive skills 

due to enhanced cognitive ability, but only during immediate post-exercise.  

A past study looked at rehydration after dehydration with different types of fluids 

and found that the composition of the fluid played a role in returning subjects back to 

baseline. These fluids specifically varied in electrolytes with sodium, potassium, calcium 

and magnesium being the most common. It was found that greater amounts of these 

electrolytes serve to rehydrate the individuals quicker (Keen et al., 2016). WHO/UNICEF 

recommend concentrations of glucose 75mmol/L, sodium 75mmol/L, chloride 

65mmol/L, potassium 20mmol/L, Citrate 10mmol/L in oral rehydration (Subudhi et al., 

2013). It is currently unknown how differences in these said electrolytes function or if 



there are any missing key electrolytes not included in the rehydration process. We will 

look at serum metabolites for a deeper analysis of how these electrolytes effect the 

body and try to understand the underlying mechanism. Based on past studies of specific 

metabolites, we cross-referenced known dehydrated metabolite levels to make sure 

values that we find are in a normal range to make sure our protocol is correct. The focus 

of our study is to complete a total metabolomic analyzes and then further focus on the 

more essential metabolites once the profile data is gathered. With this information, we 

will be able to better treat and prevent dehydration and maximize performance in 

aerobic exercise.   

 It is understood that strenuous endurance exercise elicits an acute stress 

response, thus causing cortisol levels to rise. The exercise-induced stress stimulates the 

hypothalamus in the brain to release corticotropin-releasing hormone (CRH) from the 

paraventricular nucleus. CRH then stimulates the anterior pituitary to release 

adrenocorticotropic hormone (ACTH). ACTH then acts on the cortex of the adrenal gland 

to produce and release cortisol. Cortisol levels rose significantly when subjects were 

dehydrated from 473.7 nmol/L at pre-exercise to 1130nmol/L post-exercise. However, 

when subjects were given fluids cortisol levels rose from 237.4nmol/L to 335.7nmol/L. 

The p-values were .016 and .624 for dehydration and euhydration, respectively. This 



shows that dehydration acts as a greater stress on the body. Costello et al.’s study found 

that concentration of cortisol was strongly correlated to whole body sweat loss, with a 

threshold of 2% body mass loss.  

The adrenal medulla additionally releases epinephrine and norepinephrine 

hormones under stress. These catecholamines are synthesized, stored, and secreted by 

the chromaffin cells in the adrenal medulla. These catecholamines are synthesized from 

tyrosine and then are stored together with ATP, Ca2+, and protein in vesicles called 

chromaffin granules (RL et al., 1977).  Both of these catecholamines increase in the 

blood during exercise. It was found that dehydration alone can cause an increase in 

catecholamine production. Catecholamines are released by the hypothalamus by the 

stimulation of osmoreceptors, atrial stretch receptors, and temperature-regulating 

centers in the brain (Moquin, A. et al., 2000).  

Blood lactate levels increase with exercise intensity. There is a point of inflection 

at power outputs equivalent to 50-70% of VO2max where lactate levels rise more 

significantly (Graham, 1984). The accumulation of lactate varies with a higher 

percentage of type 1 muscle fibers, high capillary density and oxidative capacity, and 

low levels of glycolytic enzymes having a delayed response. It has been seen that an 

increase in epinephrine levels correlate to a decrease in the lactate threshold with r = 



0.97. Lactate levels are additionally correlated strongly to norepinephrine levels with r = 

0.90 when dehydrated, but with a stronger correlation at hydration, r = 0.92. There is a 

significant shift in the lactate threshold from 72.2 +/- 1.1 to 65.5 +/- 1.9% of VO2max 

from hydrated to dehydrated, respectively. Blood lactate levels were found to increase 

from 1.4+/- 0.09 at rest to 7.9+/- 0.82 in intense exercise (Leibowitz et al., 2012). This 

means that lactate accumulates in the blood sooner than the body can remove it when 

dehydrated, hindering performance.  

   Glucose is the body’s primary form of energy broken down from 

carbohydrates. Glucose is first used in glycolysis to form ATP and 2 molecules of 

pyruvate and occurs in the cytoplasm of a cell. Under aerobic exercise, the cells have 

access to oxygen and the 2 pyruvates will become Acetyl-CoA and enter the 

mitochondria. In the matrix of the mitochondria, each Acetyl-CoA will produce CO2 and 

electron carrier molecules, NADH and FADH2. The H+, NADH, and FADH2 then go to the 

inner membrane of the mitochondria and enter the electron transport chain (ETC).  The 

ETC makes 34 adenosine triphosphates (ATP) for every glucose molecule, the body’s 

main source of energy. Grego et al.’s study found blood glucose levels to decrease after 

3 hours of cycling. Blood glucose levels dropped from 6±1.3 mmol/L to 4.4±0.6 mmol/L. 

However, another study did not find significant changes in blood glucose after 60 



minutes of cycling. Duration of exercise may play a role in glucose reuptake. During 

dehydration and aerobic exercise, glucose is seen to also decrease from 3.9 +/- 0.1 at 

the start of exercise to 3.7 +/- 0.2 at the cessation of 90-minute cycle at 65 VO2max 

(Logan-Sprenger et al., 2015). Hydrated subjects produced similar results, meaning 

hydration state doesn’t affect blood glucose.  

Potassium causes vasodilation allowing for more oxygen needed to go to the 

active tissues during exercise. Potassium is released from the active skeletal tissue and 

into the interstitial fluid. It has been seen with aerobic exercise without acidosis that 

serum potassium levels increase. In Hutchinson et al.’s study done with healthy men and 

women aged 23-63 who regularly jogged had a mean increase of potassium from 

4.15mmol pre-exercise to 4.7mmol post- exercise. In Costill et al.’s study there was an 

intracellular increase of 7.2% and 10.6% when the subjects were dehydrated to 2.2% 

and 4.1% of their body mass, respectively. However, Whiting et al.’s study showed no 

significant changes in serum potassium levels at an average of 2.9 +/- 0.8% body mass 

loss.  

Muscle glycogen is an energy source used during exercise, but alternative energy 

derivatives can be used to spare glycogen to prolong activity. Amino acids can be used 

to play an anaplerotic role in the Krebs cycle. Alanine, a major gluconeogenic precursor 



specifically provides the intermediates through transamination to produce pyruvate for 

blood glucose homeostasis. This provides around a 10% source of total energy (Brooks, 

1987). As exercise progresses, alanine is released from the muscle and concentration 

increases in the blood. An increase of 30-50% was seen in a short-term exercise bout of 

10-20 minutes at 70% of VO2max (Henriksson, 1991). In aerobic exercise in a 

dehydration state, alanine is seen to decrease from 499mMol/L to 310mMol/L with a p-

value < 0.001, which is a drop of 62% from baseline measurements (Refsum et al., 

1979). 

In protein metabolism, some amino acids secrete a toxic byproduct, ammonia. 

Ammonia has been linked to fatigue and is seen elevated following exercise (Mutch et 

al., 1983). Exercise stimulates ammonia production in the active skeletal muscle through 

the Purine Nucleotide Cycle by adenylate deaminase activity. There is greater ammonia 

production in fast-twitch muscles than slow-twitch. Ammonium ions stimulate 

phosphofructokinase activity, thus increasing the rate of glycolysis to further fuel the 

muscle for exercise. Production of ammonia is dependent on work load and increased 

with greater intensity, seen significant starting at 35% VO2max with a p-value < 0.01.  

The liver converts ammonia into a nontoxic form called urea, which the body can 

excrete through urine. Plasma urea was found not to rise with exercise regardless of 



intensity (Eriksson et al., 1985). Looking at Whiting et al.’s study of the marathon 

runners that were dehydrated, urea increased from 4.7 +/- 0.9 to 6.3 +/- 1.1, which is a 

significant increase of 34.9 +/- 15.6% with a p-value < 0.001.  

 Glutamate is the most abundant and versatile amino acid in the body. It has 

importance as an intermediate in metabolism, involved in interorgan nitrogen exchange, 

and pH homeostasis. It is also a potent neurotransmitter that has excitatory effects on 

nerve cells. There are 2 ways to synthesis glutamate intracellularly. One way glutamate 

is metabolized is by glutamate synthetase and the other is from the byproduct of 

ammonia metabolism (Cruzat et al., 2018). Glutamate is the nontoxic form that can be 

carried in the blood. There is a strong elevation in blood glutamate levels during 

exercise from skeletal muscle breakdown allowing glutamate to leak down its 

concentration gradient from muscle to blood.  In Leibowitz et al.’s study blood 

glutamate levels were significantly elevated at 30 minutes of intense exercise from 

193+/- 21 μM/L to 232 +/- 25 μM/L with a p-value < 0.001. Levels fall markedly after 

termination of exercise back to baseline within 3 hours. Levels of 2-ketoglutarate rise 

during the decrease of glutamate post-exercise indicating the continuation of glutamate 

metabolism. Blood glutamate levels during aerobic exercise combined with dehydration 



are seen to moderately decrease from 657 mMol/L to 542mMol/L giving a p-value < 

0.05 (Refsum et al., 1979). 

 Adenosine monophosphate (AMP) is generated by the production of ATP by the 

enzyme adenylate kinase combining two molecules of adenosine diphosphate (ADP). 

AMP is also produced by the hydrolysis of one high energy phosphate bond and the 

hydrolysis of ATP. Muscle AMP levels are seen to increase significantly with exercise. 

When comparing muscle AMP between hydrated and dehydrated, levels rose to about 

the same 1.7 +/- 0.3 and 1.9 +/- 0.7, respectively (Logan-Sprenger et al., 2015). In the 

dehydrated subjects, muscle AMP appears to rise at a slower rate.  

 Sodium is a key electrolyte in the body that is responsible for a variety of 

functions namely proper muscle and nerve function, blood pressure regulation, and 

mainly water balance by altering levels of aldosterone and glucocorticoids (National 

Institutes of Health, 2017). In cases of exercise and dehydration, high blood sodium can 

occur as total water content decreases the concentration of sodium increases. Levels 

were seen to increase from 140 +/- 2 mmol/L to 146 +/- 2 mmol/L, showing a 4.1 +/- 1.9 

% increase with a p-value < 0.001 (Whiting et al., 1984). 

 

 



Conclusion: 

 Using the expected values of each metabolite that was cross-referenced 

between aerobic exercise and dehydration we can confirm if our protocol used is valid 

by meeting known metabolic values. Additionally, after exploring a more holistic change 

of the body metabolites, we can now potentially create a better recovery drink or a 

drink that can reduce the effects of aerobic exercise and dehydration combined. A more 

comprehensive understanding of the effects on the metabolites is now available. Future 

studies should be included of the exploration of other possible key metabolites in the 

blood.  
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