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Every year I find myself having to explain why 
the body produces urea, and where the amine 
groups come from to form urea.  Every year this 
task reminds me of how disconnected most 
Exercise Science students are from a balanced 
understanding of cellular metabolism.  I must 
also admit that I get terribly frustrated at how 
many students also go through their education 
without even a glimpse of academic 
inquisitiveness.  Why would you spend money 
and time to complete an education and not 
wonder why certain things are the way they 
are?  Anyway, I will get off my soap box!!  Of course, you are different aren’t you? You 
wonder why bomb calorimetry yields far higher energy of combustion values for protein 
than the body.  You are intrigued by the body’s production of ammonia, and how 
sometimes after a hard workout your sweat smells of ammonia.  You wonder why dilute 
and pH regulated urine can be a good plant fertilizer.  You wonder, where does all this 
nitrogen come from and why?  Well, many of these questions get answered in this text, 
and some answers start right here! 

 
The human body excretes excess nitrogen in the form of urea.  As already explained in 
prior Topics of catabolism, cells of the body cannot catabolism amine groups (NH2).  
Thus, amine groups are removed from amino acids and released from cells in the form 
of ammonia (NH3), or more accurately at physiological pH the ammonium ion (NH4

+), 
where they circulate to they liver.  Some amine groups are also transferred to the liver in 
the form of the amino acid alanine. Also remember that muscle catabolism during 
intense exercise can produce ammonia from the phosphagen energy system, and more 
specifically, the AMP deaminase reaction.  Thus, each of amino acid catabolism and 
deamination, and intense muscle contraction can produce ammonia and alanine. 
 
The liver processes ammonia, as well as excess amine groups in the urea cycle.  This 
cycle is linked to the CTA cycle, as TCA cycle intermediates are used to fuel the cycle, 
but the majority of the urea cycle occurs in the cytosol.  Thus, as has been studied 
before, certain TCA intermediates are transported into and out of the mitochondria to 
the cytosol. 
 
While there is an enormous amount of detail regarding the urea cycle, the conversion is 
based on the routing of amino acids into the TCA cycle in the form of glutamate and 
glutamine.  Remember that numerous other amino acids can be converted to either of 

glutamate or glutamine.   Glutamate and oxaloacetate are converted to -
ketoglutarate and aspartate with ammonia as a by-product (Equation 1).  Extra-
hepatic sources of glutamine can also enter into the liver and mitochondria, and be 
converted to glutamate while also releasing ammonia as a by-product (Equation 2).  
Ammonia from the blood diffuses into the liver and mitochondria to add to the 
mitochondrial ammonia pool. 
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               Figure 1. The production of carbamoyl phosphate in liver mitochondria. 
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Liver mitochondrial ammonia is rapidly removed by conversion to carbamoyl 
phosphate (Equation 3, Figure 1), the immediate substrate for the urea cycle.  The 
combining of carbamoyl phosphate with ornithine produces citrulline and inorganic 
phosphate (Equation 4), with citrulline being the first intermediate of the urea cycle. 
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      Equation 4 

 
Mitochondrial citrulline moves from the mitochondria to the cytosol, where it combines 
with aspartate to form argininosuccinate at the expense of 2 ATP (Equation 5). 
 

PPiAMPccinateArgininosuATPAspartateCitrulline
 synthaseccinateArgininosu

 2     Equation 5 

 
The large argininosuccinate molecule is then cleaved to fumarate (a TCA cycle 
intermediate) and arginine (an amino acid) by argininosuccinate lyase (Equation 6).  
Fumarate is transported in to the mitochondria to fuel and supplement the TCA cycle. 
 

FumarateArginineccinateArgininosu
lyase ccinateArgininosu

           Equation 6 

 
 
In the final reaction of the urea cycle, arginine is cleaved to ornithine and urea by 
arginase (Equation 7). 
 

UreaOrnithineArginine
Arginase

           Equation 7 
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Figure 2. The 
chemical 
structure of urea. 

 
Figure 3. The urine 
color chart for 
approximating the 
severity of 

dehydration. 

 
Ornithine is transported back into the mitochondria, and the urea 
cycle starts again. 
 
Figure 2 presents the structure of urea, and notice how urea 
consists of two amine groups bound to a central carbon, making 
urea a small molecule yet an effective method for amine group 
removal from the body.  Long term regulation of the urea cycle, 

such as during starvation or protein excess, is based on changes 
in urea cycle enzymes.  Acute regulation comes from activation 
of carbamoyl phosphate synthase I by an intermediate (N-
acetylglutamate) produced when there is increased glutamate 
and arginine. 
 
Detailed explanation of fluid regulation will be provided in the 
section on Endocrine Regulation.  However, for now it is worth 
mentioning that during times of dehydration, urine color is more 
intense.  The greater the dehydration and the smaller the urine 
volume, urine color changes from a light yellow to dark yellow, to 
an orange-brown, to a hazel-brown (Figure 3). 
 
 
 
 
 
 
 
 

Glossary Words 
 
urea is the molecular form of excess nitrogen excretion in urine. 
 
amine groups (NH2) are the nitrogenous groups that the body cannot catabolize, which 
are converted to urea in the liver for eventual excretion in urine. 
 
ammonia (NH3) is a by-product of the AMP deaminase reaction during intense muscle 
contraction. 
 
ammonium ion (NH4

+) is the eventual end result of ammonia formation, as the pK of 
the cell during NH3 production from energy catabolism is above between 6.1 to 7.0, 
resulting in the binding of an additional proton. 
 
alanine is a simple 3-carbon amino acid produced from pyruvate. 
 
AMP deaminase is the enzyme that catalyzes the conversion of AMP to IMP, producing 
the ammonium ion (NH4

+). 
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deamination is the removal of the amine group from amino acids. 
 
urea cycle is the production of urea that is referred to as a cycle due to the 
regeneration of ornithine. 
 
glutamate is a common 6 carbon amino acid that is influential in the transfer of amino 
acids in transamination and deamination reactions. 
 
oxaloacetate is the 4 carbon TCA cycle intermediate that when combined with acetyl 
CoA produces citrate. 
 

-ketoglutarate is the intermediate of the TCA cycle where carbon skeletons from long 
chain amino acids enter into mitochondrial respiration. 
 
aspartate is an amino acid involved in numerous transamination and deamination 
reactions involving amino acids, as well as the malate-asparate shuttle. 
 
carbamoyl phosphate is formed from ammonia and bicarbonate and together with 
ornithine represent the immediate substrates of the urea cycle. 
 
argininosuccinate is formed in the cytosol of the liver from citrulline and aspartate. 
 
fumarate is a TCA cycle intermediate. 
 
arginine is a short chain amino acid. 
 
argininosuccinate lyase is the enzyme that catalyzes the conversion of 
argininosuccinate to arginine and fumarate. 
 
ornithine along with urea, represents the final product of the urea cycle. 
 
carbamoyl phosphate synthase in the presence of increased glutamate and arginine, 
the resulting production of N-acetylglutamate increases the activity of this enzyme and 
in turn the production of carbamoyl phosphate, thereby increasing substrate flux through 
the urea cycle. 
 
N-acetylglutamate is the regulatory molecule produced in the presence of increased 
glutamate and arginine, causing increased activity of carbamoyl phosphate synthase I. 
 

 
 


