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Figure 1. Metabolic interconnections between 

catabolism and anabolism. 

 

 
An electron micrograph of skeletal muscle, showing dark stained glycogen granules 
randomly distributed between contractile proteins.  Muscle glycogen is essential for 
sustained muscle contractions.  The more intense the exercise, the greater the reliance 
of muscle energy metabolism on muscle glycogen to fuel cellular energy transfer, which 
includes the energy needs of muscle contraction. Glycogen is synthesized during the 
recovery from exercise, and there is even evidence to show the synthesis of glycogen in 
the unused muscle fibers during exercise.  Consequently, muscle glycogen synthesis 
represents a very important aspect of cellular energy anabolism.  However, as will be 
explained within the Modules of this Topic, there are numerous other important topics 
within the realm of cellular anabolism. 
 
Application of biochemistry to exercise 
physiology is not just about the study of 
energy catabolism.  Muscle must also 
replenish glycogen stores between 
exercise bouts to support high rates of 
glycolysis and ATP turnover.  Muscle 
must also increase protein synthesis to 
support the hypertrophy of exercise 
training, and replenish muscle 
triacylglycerol stores after prolonged 
endurance exercise.  The component of 
metabolism that concerns the use of 
the free energy and reducing power of 
catabolism to build compounds is called 
anabolism (Figure 1). 
 
There is also a need for the exercise 
physiologist to comprehend the anabolism that occurs in tissues other than skeletal 
muscle.  Adipose tissue processes free fatty acids for incorporation into triacylglycerols, 
and the liver processes proteins and lipids to assist in the regulation of the blood lipid 
profile.  The liver also processes excess amine groups in the forms of ammonia, 
alanine and a variety of other amino acids for conversion to urea and eventual excretion 
in urine.  The liver must also replenish glycogen stores to aid in blood glucose 
regulation, and convert numerous metabolites into glucose via the pathway of 
gluconeogenesis. 
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Figure 2. The structure of nicotinamide adenine 
dinucleotide phosphate in the oxidized and 

reduced forms. 

 
The purpose of this Topic is to show how these anabolic pathways exist in the “big 
picture” of whole body metabolism.  Figure 1 attempts to do this by showing the 
metabolic integration between multiple physiological systems within the body involved in 
anabolism.  To support anabolism, the body’s tissues involved require metabolic 
building blocks.  For some anabolic processes, these building blocks are macronutrients 
such as glucose and fatty acids.  For other processes, the body derives the anabolic 
building blocks from by-products of catabolism.  For example, amino acids are obtained 
either from digestion, the catabolism of proteins, or the formation of amino acids from 
the carbon skeleton of the intermediates from numerous metabolic pathways.  In 
addition, the amine groups used to produce urea come from excess amino acid 
oxidation and a side reaction (AMP deaminase) of the phosphagen system within 
muscle during intense exercise. 
 

Energy and Reducing Power For 
Anabolism 
Remember back to the content on Metabolic 
Design.  Catabolism is not just for releasing 
free energy and providing the reducing 
power to fuel anabolism, but to also produce 
intermediates for anabolism.  As you know 
from your study of bioenergetics, energy just 
doesn’t appear and disappear.  The free 
energy from catabolism must be harnessed 
in a usable chemical form for its eventual, 
and regulated, incorporation into the 
energetics of cell function.  Yes, ATP serves 
this role, but for anabolism, free energy is 
also harnessed from highly exergonic 
reactions in the form of nicotinamide adenine 
dinucleotide phosphate (NADP+ reduced to 
NADPH) (Figure 2). 
 
The NADPH is regenerated by the pentose 
phosphate pathway (Figure 3), which is 
present in tissues that synthesize fatty acids 
and steroid molecules, such as the liver, 
adipose tissue and glands that produce 
steroid hormones.  The additional product of 
the pentose phosphate pathway is ribose-5-
phosphate, a pentose (5 carbon) sugar 
used in the production of nucleic acids.  For 
tissues that have less of a need for ribose-5-
phosphate, this product can be reconverted 
back to glucose-6-phosphate without the 
oxidation of NADPH. 
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Figure 3. The reactions of the pentose phosphate pathway, showing the regeneration of 
NADPH which provides the reducing electrons and protons, and free energy from the 
phosphate group transfer from NADPH for anabolic reactions. 

 

 
Now you are in a position to study the production of specific molecules, such as 
proteins, fatty acids and glycogen. 
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Glossary Words 
 
anabolism is the component of metabolism that concerns the use of the free energy, 
smaller building block molecules and reducing power of catabolism to build compounds. 
 
blood lipid profile is the concentrations of specific blood lipids, such as cholesterol, 
HDL cholesterol, LDL cholesterol and triacylglycerols, in blood. 
 
urea is the nitrogen containing waste metabolite produced in the liver from excess 
amine groups released during catabolism. 
 
gluconeogenesis is the reversal of the glycolytic pathway, mainly in the liver, resulting 
in glucose production from both carbohydrate and non-carbohydrate carbon chains. 
 
pentose phosphate pathway is the pathway in cells that are highly anabolic that 
produces ribose-5-phosphate and regenerates NADPH  
 
ribose-5-phosphate is the 5 carbon sugar produced from the Pentose Phosphate 
Pathway that is found in the nucleotides that form nucleic acids. 
 
pentose (5 carbon) sugar is a 5-carbon sugar, most commonly found in nucleic acids. 
 
nucleic acids are the molecular structures in the form of DNA and RNA that transfer 
genetic information essential for life and cell functions. 
 

 


