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ABSTRACT 

Hormones play a crucial role in muscle growth and development. Testosterone, growth hormone, 

and insulin-like growth factor-1 (IGF-1) are the primary hormones that influence muscle growth. 

Testosterone promotes muscle protein synthesis by activating specific genes, which stimulate muscle cells 

to increase protein production. Growth hormone stimulates the production of IGF-1, which enhances muscle 

cell proliferation and differentiation. IGF-1 also stimulates muscle protein synthesis and inhibits protein 

breakdown. Insulin, in addition to its role in glucose metabolism, also plays a significant role in muscle 

growth by enhancing protein synthesis and reducing protein breakdown. Other hormones such as cortisol 

and estrogen can also influence muscle growth but have opposing effects to testosterone and IGF-1. 

Understanding the role of hormones in muscle growth can help individuals optimize their training and 

nutrition strategies to achieve their desired muscle development goals. 
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INTRODUCTION 

Hormones play a significant role in muscle growth and development. The scientific study of 

hormones' influence on muscle growth and development is an area of research known as endocrinology. The 

hormones that are primarily involved in muscle growth and development include testosterone, growth 

hormone, insulin-like growth factor 1 (IGF-1), and cortisol. Testosterone is the most critical hormone for 

muscle growth as it promotes protein synthesis and the development of lean muscle tissue. Growth hormone 

and IGF-1 also play essential roles in muscle growth by stimulating protein synthesis and cell division. 

Cortisol, on the other hand, has the opposite effect and can cause muscle breakdown by breaking down 

muscle tissue into amino acids. Therefore, maintaining a proper balance between anabolic hormones 

(testosterone, growth hormone, and IGF-1) and catabolic hormones (cortisol) is crucial for optimal muscle 

growth. 

Researchers have conducted several studies to investigate the effects of hormones on muscle growth 

and development. For instance, one study found that testosterone supplementation increased lean body mass 

and muscle strength in men with low testosterone levels. Another study showed that growth hormone 

supplementation increased muscle size and strength in healthy adults. However, it is essential to note that 

hormone supplementation should only be done under the guidance of a qualified healthcare professional, as 

excessive hormone levels can have adverse effects on health. Additionally, other factors such as nutrition, 

exercise, and rest are also critical for muscle growth and development, and should not be overlooked. 

The scientific study of hormones' influence on muscle growth and development is an essential area 

of research. Hormones such as testosterone, growth hormone, and IGF-1 play crucial roles in muscle 

growth, while cortisol can have a catabolic effect. Maintaining a proper balance between anabolic and 

catabolic hormones is crucial for optimal muscle growth, and hormone supplementation should only be 
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done under medical supervision. 

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. 

Table-1 

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 

 

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 

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 a steroid hormone that is produced by the adrenal glands in response to stress. It is also 

known as the "stress hormone" because it plays a key role in the body's stress response. Cortisol helps to 

regulate a wide range of bodily functions, including blood sugar levels, blood pressure, and immune 

function. In addition to its role in the stress response, cortisol also helps to regulate metabolism and the 
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sleep-wake cycle. It is involved in the breakdown of proteins and fats, and helps to mobilize glucose from 

the liver into the bloodstream to provide energy to the body. Cortisol also has anti-inflammatory effects, 

which help to reduce inflammation in the body. 

Chronically high levels of cortisol can be harmful to the body and have been linked to a number of 

health problems, including weight gain, diabetes, high blood pressure, and immune dysfunction. 

Conversely, low levels of cortisol can also be problematic and are associated with fatigue, weakness, and a 

number of autoimmune disorders. 

 ANABOLIC HORMONES 

Anabolic hormones are a group of hormones that promote growth and building processes in the 

body, including the rebuilding and replenishment of muscle cells. The hormones you mentioned, 

testosterone, growth hormone, insulin-like growth factor-I (IGF-I), and insulin, are all considered anabolic 

hormones. 

Testosterone is primarily known for its role in male sexual development and reproduction but also 

plays a critical role in muscle growth and repair. Growth hormone is secreted by the pituitary gland and 

promotes tissue growth, including muscle tissue. IGF-I is produced by the liver and other tissues and acts in 

concert with growth hormone to promote tissue growth and repair. Insulin is known for its role in regulating 

blood sugar levels, but it also plays a role in promoting muscle growth and recovery by increasing nutrient 

uptake into cells. 

Together, these anabolic hormones work to promote muscle growth and repair after exercise or 

injury, and they play an essential role in maintaining overall muscle health and function. 

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. 

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 

Insulin is a hormone produced by the pancreas that plays a crucial role in regulating blood sugar 

levels in the body. One of the ways that insulin works is by promoting the uptake and utilization of glucose 

by cells, particularly muscle cells and fat cells. Insulin also has an anabolic, or building, effect on the body. 

It stimulates the synthesis of new proteins and inhibits the breakdown of existing proteins. This is important 

because protein degradation, or the breakdown of proteins, can lead to muscle wasting and other negative 

effects on the body. 

Insulin works in several ways to reduce protein degradation. One way is by activating the protein 

kinase B (PKB), also known as Akt, pathway. PKB/Akt is a signaling pathway that regulates many cellular 

processes, including protein synthesis and degradation. When insulin binds to its receptor on the surface of a 

cell, it activates PKB/Akt, which in turn stimulates protein synthesis and inhibits protein degradation. 
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Insulin also inhibits the activity of certain enzymes that are involved in protein degradation, such as the 

lysosomal proteases and the ubiquitin-proteasome system. These enzymes break down proteins into their 

individual amino acids, which can then be used for energy or for the synthesis of new proteins. By inhibiting 

the activity of these enzymes, insulin helps to preserve existing proteins in the body. 

INSULIN INCREASES GLUCOSE UPTAKE 

Insulin is a hormone produced by the pancreas that plays a key role in regulating glucose (sugar) 

levels in the blood. One of its primary functions is to stimulate the uptake of glucose by cells, particularly in 

the liver, muscle, and fat tissue. When insulin levels are high, such as after a meal, it signals cells in the 

body to take up glucose from the bloodstream and use it for energy or storage. This lowers the amount of 

glucose in the blood, preventing it from reaching dangerously high levels. 

In people with diabetes, insulin production or function is impaired, leading to high levels of glucose 

in the blood. Insulin therapy is often used to help manage blood glucose levels by increasing glucose uptake 

by cells, among other effects. 

INSULIN INCREASES MUSCLE GLYCOGEN  STORAGE 

Insulin is a hormone that plays a crucial role in regulating blood sugar levels in the body. It helps to 

transport glucose from the bloodstream into cells, where it can be used for energy or stored for later use. 

One of the primary storage sites for glucose in the body is muscle tissue, where it is stored as glycogen. 

Insulin stimulates the uptake of glucose by muscle cells and promotes the conversion of glucose into 

glycogen. This process is known as glycogenesis, and it leads to an increase in the amount of glycogen 

stored in muscle tissue. 

When blood glucose levels are high, the pancreas releases insulin into the bloodstream. Insulin then 

binds to receptors on the surface of muscle cells, which triggers a series of biochemical reactions that 

promote glycogen synthesis. During exercise, the muscles use glycogen as a source of energy. When 

glycogen stores are depleted, the muscles become fatigued, and performance declines. By increasing muscle 

glycogen storage, insulin can help to delay fatigue and improve exercise performance. 

Insulin Suppresses Cortisol Release 

During prolonged aerobic exercise, cortisol release is primarily triggered by hypoglycemia, which is 

caused by reduced blood glucose levels. This is because hypoglycemia is a metabolic stress to the nervous 

system, and cortisol is released in response to stress. Research has shown that carbohydrate supplementation 

during exercise can help prevent hypoglycemia and reduce the rise in cortisol levels. This cortisol-blunting 

effect is believed to be mediated by insulin, which is released in response to the increased blood glucose 

levels that result from carbohydrate supplementation. Insulin plays an important role in regulating glucose 

metabolism and preventing muscle protein breakdown. Higher insulin concentrations during exercise can 

protect muscle protein from the catabolic effects of cortisol, which can help to preserve muscle mass and 

support exercise performance. 

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. 
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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 

 

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 

Insulin plays a crucial role in muscle growth and repair, as it promotes the uptake of glucose and 

amino acids by muscle cells, leading to an increase in protein synthesis and muscle hypertrophy. However, 

excessive insulin secretion due to a sedentary lifestyle and a high carbohydrate diet can lead to insulin 

resistance and fat accumulation, particularly in adipose tissue. Therefore, it is essential to maintain a 

balanced diet and engage in regular physical activity to optimize the anabolic effects of insulin and avoid its 

catabolic effects. 
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