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ABSTRACT 
Hormones are chemical messengers. In response to certain stimuli, they are released from one organ and travel via the 

bloodstream to another (the target organ), where they initiate a specific cell reaction. Both catabolic and anabolic hormones are 
important for resistance training. Anabolic hormones stimulate rebuilding and repair reactions in the muscle. Catabolic hormones 
stimulate the breakdown of carbohydrates, fat, and even protein for energy. 
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INTRODUCTION 

Every athlete who does resistance exercise knows at least a little bit about hormones. They are the agents that drive muscle 
development. In general, athletes classify hormones as good (anabolic) or bad (catabolic). But this is too simplistic. Even the so-called 
“bad” hormones are essential because they break down nutrients that provide the energy to drive muscle contraction. Even the “good” 
ones often stimulate reactions, such as increased fat deposition, that are not considered beneficial to the strength athlete. 

 
Hormones are released in response to three stimuli: humoral stimuli, hormonal stimuli, and neural stimuli.  

 
The Metabolic Effects of the Catabolic and Anabolic Hormones 

Catabolic Hormones Effect Anabolic Hormones Effect 
Glucagon Stimulates fat and liver 

glycogen breakdown and 
gluconeogenesis 

Testosterone Blocks cortisol and stimulates 
protein synthesis 

Epinephrine Stimulates fat, liver and 
muscle glycogen 
breakdown 

Growth hormone Stimulates bone and cartilage 
growth and protein synthesis 

Norepinephrine Stimulates fat and liver 
glycogen breakdown 

IGF-1 Stimulates growth of bone, 
cartilage and muscle 

Cortisol Stimulates fat, liver 
glycogen, and muscle 
protein breakdown 

Insulin Multiple effects on muscle 
protein synthesis, protein 
degradation, and glycogen 
replenishment 

Table-1 
 
CATABOLIC HORMONES 

The four major catabolic hormones are glucagon, epinephrine, Norepinephrine, and cortisol. They breakdown fuel stores such 
as fat and glycogen, and, in the case of cortisol, protein. 
(i) Glucagon 
Glucagon is released from the pancreas. Glucagon is often called an “insulin antagonist.” Insulin is stimulated by high blood glucose. 
Insulin shuttles glucose into the muscle, thereby lowering the blood glucose level. Glucagon, on the other hand, is released in the 
presence of low blood glucose. Its primary function is to raise the blood glucose concentration by increasing the release of glucose 
from the liver and by activating gluconeogenesis, the conversion of amino acids and other small compounds such as lactic acid to 
glucose. Additionally, glucagon increases the breakdown of fat. During exercise, glucagon is usually elevated. 
(ii) Epinephrine (Adrenaline) and Norepinephrine (Noradrenalin) 
Epinephrine is released from the adrenal glands in response to low levels of blood glucose as well as by the stimulation of resistance 
exercise. Norepinephrine is primarily released from nerve endings in blood vessels in response to exercise-the higher the intensity, the 
greater the increase. Both hormones promote the breakdown of liver glycogen to glucose and its release into the blood, increase the 
breakdown of fat, and increase blood flow to the muscle. Epinephrine also stimulates muscle glycogen breakdown. Epinephrine and 
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Norepinephrine also have multiple physiological effects, including increasing respiration and heart rate. Both hormones are elevated 
during exercise as the body attempts to get more blood to the working muscles and to increase the breakdown of glycogen and fat for 
energy. 
(iii) Cortisol 
Cortisol is well known by strength athletes. This hormone is released from the adrenal glands when blood glucose is low and during 
very intense exercise such as weightlifting. Cortisol’s major function is to generate fuel for working muscles. During exercise, your 
muscles use a metabolic priority system for generation of energy. This is particularly true during aerobic exercise. First carbohydrate 
is used, then fat, and finally protein. Because of the tremendous stress that resistance training places on the muscles, the metabolic 
priority system gets ignored. When cortisol is released, it causes a breakdown of protein, carbohydrate, and fat and an increase in 
plasma amino acids, specifically glutamine and the branched chain amino acids (BCAAs). 
 
ANABOLIC HORMONES 

Anabolic hormones are involved in the rebuilding and replenishment processes of the muscle cell. The anabolic hormones 
include testosterone, growth hormone, IGF-I, and insulin. 
(i) Testosterone 
Testosterone is a powerful anabolic hormone that is released from the testes in males and from the ovaries and adrenal glands in 
females. The release of testosterone is controlled by another hormone, luteinizing hormone (LH). LH is secreted from the pituitary, a 
gland found at the base of the brain. Testosterone has a number of effects, which are classified as either androgenic or anabolic. The 
androgenic effects include changes in sex organs and voice pitch and increased hair growth on the face and body, and psychological 
effects such as increased aggressiveness. The anabolic effects of testosterone include accelerated growth of muscle, bone, and red 
blood cells. 
 

It is believed that testosterone, by blocking cortisol, has an anti-catabolic effect. Through this action, testosterone may speed 
muscle recovery. Athletes, who use testosterone and its derivatives, including anabolic steroids, claim that these drugs help them train 
harder and recover faster. These effects tend to be short-lived, however. One reason is that when cortisol release is blocked for a 
period of time, higher levels of cortisol are produced thereafter. Thus, when an athlete stops taking an anabolic steroid such as 
testosterone, the catabolic effects of cortisol are enhanced and muscle strength and size are lost at a rapid rate. 
(ii) Growth Hormone 
Growth hormone is released from pituitary, and its release is controlled by a number of factors. Growth hormone stimulates muscle 
growth, increases the breakdown of fat, and inhibits carbohydrate metabolism. The role of growth hormone in exercise is not 
understood. There is a transient elevation that drops following exercise. Studies in endurance athletes show a minimal rise in blood 
levels of growth hormone during exercise when compared with untrained individuals. 
(iii) IGF-1  
IGF-1 stands for insulin like growth factor. In is released from a variety of organs, including the pituitary gland, the muscles, and the 
liver. The primary effect of IGF-1 is stimulation of protein synthesis in bone, cartilage, and muscle. IGF-1 release is controlled by the 
intensity of muscle contractions. During exercise, there is a transient increase that falls to baseline following exercise. 
(iv) Insulin 
Insulin may be the most misunderstood hormone among strength athletes because of its association with carbohydrate. High levels of 
insulin combined with high carbohydrate intake have been shown to increase fat synthesis and decrease fat breakdown. Chronic 
elevation of blood insulin levels maintained over many years with the resulting accumulation of body fat is associated with type II 
(Adult onset) diabetes. 
Muscle cells are especially insulin sensitive after exercise. If glucose and amino acids are made available at this time, insulin will help 
synthesize muscle proteins and muscle glycogen at a very rapid rate, and very little fat will be synthesized and stored in adipose (fat) 
tissue.  
 
INSULIN INCREAES PROTEIN SYNTHESIS 

Insulin has a number of actions that increase protein synthesis. Insulin stimulates DNA and RNA, thereby increasing the 
enzymes responsible for protein synthesis. Proof of insulin’s effect on protein synthesis has come from many studies. Investigators 
from Penn State University Medical School showed that insulin stimulated the cellular machinery (ribosome) involved in the 
manufacture of protein. In another study, researchers from the university Texas Health Science Center in Galveston found that, 
following an insulin infusion, protein synthesis in the muscle cell increased almost 67 percent. 
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INSULIN INCREASES AMINO ACID TRANSPORT 
Although most people are aware that insulin increases glucose transport into muscle cells, most are not aware that insulin also 

increases amino acid uptake into the muscle. This is important because amino acids are the building blocks of protein. Muscle cell 
enzymes need a sufficient supply of amino acids to drive protein synthesis. Biolo and his colleagues at the University of Texas Health 
Science Center in Galveston showed that the infusion of insulin into healthy volunteers increased the rate of transport of key amino 
acids into the muscle from 20 percent to 50 percent and this increase was associated with enhanced protein synthesis. 

 
INSULIN REDUCES PROTEIN DEGRADATION 

Net protein gain is a function of protein synthesis and protein degradation. Net protein gain will occur whenever protein 
synthesis exceeds protein degradation. Even though there is a strong increase in protein synthesis after exercise, there is also 
considerable protein degradation. In fact, there is actually a net protein loss. By decreasing protein degradation, we can change this net 
protein reduction into a net protein gain. Insulin has been shown to suppress protein degradation following exercise, thereby 
increasing net protein gain. 

 
INSULIN INCREASES GLUCOSE UPTAKE 

Insulin’s ability to increase glucose uptake is its best-known action. Following exercise, the metabolic machinery is involved 
in replenishing muscle glycogen. Insulin shuttles glucose into the muscle where it can then be converted into glycogen by muscle cell 
enzymes. After exercise, the muscle is very receptive to insulin stimulation of glucose uptake. 

 
Insulin can increase net protein gain by increasing amino acid transport, increase protein synthesis, and decrease protein 

degradation. 
How insulin increases net protein gain. 
Insulin can increase net protein balance by  
(1) Stimulating protein synthesis at the level of mRNA translation,  
(2) Decreasing the degradation of protein, and  
(3) Stimulating the transport of amino acids into the muscle cell. 
 
INSULIN INCREASES MUSCLE GLYCOGEN STORAGE 

During resistance exercise, muscle glycogen stores can be significantly reduced. Aside from creatine phosphate (CP), 
glycogen is the primary fuel for the replenishment of ATP. The conversion of glucose into glycogen takes place via the activation of 
the enzyme glycogen synthase. Following exercise, insulin can increase the activity of glycogen synthase by 70 percent, resulting in a 
tremendous increase in glycogen storage. 

 
INSULIN SUPPRESSES CORTISOL RELEASE 

The primary trigger for cortisol release during prolonged aerobic exercise is hypoglycemia, or reduced blood glucose levels. 
This is to be expected, since hypoglycemia is a metabolic stress to the nervous system. Therefore, it is also not surprising that 
carbohydrate supplementation during exercise would blunt the rise in cortisol, and this cortisol-blunting action appears to be mediated 
by insulin. Higher insulin concentrations protect muscle protein from the catabolic effects of cortisol.  

 
Insulin’s effects on cortisol may also help maintain immune function. Colds and other viral infections are quite common in 

athletes undergoing intensive training. Cortisol has been shown to suppress the immune system and antibody production. Thus, 
cortisol-blunting effects of insulin may also help keep athletes healthy. 

 
TABLE-2 Insulin’s Anabolic Actions 

Action Effect 
Protein synthesis Increase 
Amino acid transport Increase 
Protein degradation Decrease 
Glucose uptake Increase 
Glycogen storage Increase 
Cortisol release Decrease 
Muscle blood flow Increase 
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INSULIN INCREASES MUSCLE BLOOD FLOW 
Another, less well-known but essential effect of insulin is on muscle blood flow. Insulin infusion has been shown to increase 

skeletal muscle and limb blood flow by more than 100 percent. Insulin not only increases muscle blood flow, but it targets specific 
muscles that have been exercised. Increased blood flow results in faster removal of metabolic wastes, such as lactic acid and carbon 
dioxide, and an increased delivery of nutrients, such as amino acids, glucose, and oxygen, for a more rapid recovery from exercise. 
 
Conclusion  

Hormones are the agents that drive muscle development. They are classified as catabolic and anabolic. Catabolic hormones, 
including glucagon, epinephrine, Norepinephrine, and cortisol, are involved in breaking down nutrients primarily for us as energy. 
Anabolic hormones- including testosterone, growth hormone, IGF-1, and insulin- are involved in the replenishment of fuel stores and 
the repair, rebuilding, and growth of muscles. 

 
Contrary to popular belief, insulin is the most powerful anabolic hormone- the most important hormone of all in relation to 

muscle growth. It is not all good all the time, however. If you are sedentary and have a high carbohydrate diet, insulin can increase fat 
stores.  
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