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An Extensive Report on Insulin: From Discovery to Modern Therapeutic Understanding 

Chapter 1: Briefing Document on Insulin and Insulin Resistance 

1.1. Executive Summary 

Insulin is a critical polypeptide hormone, secreted by the pancreas, that serves as the master 

regulator of human metabolism, primarily by controlling blood glucose levels and facilitating 

energy storage in the liver, muscles, and fat. Its historical discovery in Toronto between 1921 

and 1922 was a landmark medical achievement, transforming Type 1 diabetes from a fatal 

diagnosis into a manageable condition. A prevalent and clinically significant pathological state is 

insulin resistance, a condition where the body's cells fail to respond effectively to insulin, leading 

the pancreas to compensate by producing excessive amounts in a state known as 

hyperinsulinemia. This dysfunction, often driven by acquired factors like excess body fat and 

physical inactivity, can progress to prediabetes and Type 2 diabetes. Diagnosis relies on 

evaluating patient history and blood tests for glucose and lipids, as direct testing for insulin 

resistance is not routine. Management is centered on lifestyle modifications—specifically a 

nutritious diet low in processed carbohydrates, regular physical activity, and weight loss—

complemented by medications to treat associated conditions like hypertension and 

hyperlipidemia. 

1.2. The Foundational Role of Insulin in Human Physiology 

To comprehend the spectrum of metabolic diseases, from diabetes to metabolic syndrome, it is 

strategically essential to first understand the function of insulin. As the body's principal anabolic 

hormone, insulin acts as a master regulator, orchestrating the use and storage of energy derived 

from nutrients. Its precise and coordinated action is fundamental to maintaining metabolic 

equilibrium, and its dysregulation is a central feature of numerous chronic health conditions. 

Insulin is a polypeptide hormone composed of 51 amino acids. It is synthesized and secreted by 

the β cells located in specialized clusters within the pancreas known as the islets of Langerhans. 

While primarily produced in the pancreas, low concentrations of insulin are also found in certain 

neurons of the central nervous system. Its secretion is tightly controlled by circulating blood 

glucose levels, ensuring a rapid response to nutrient intake. 

Insulin's primary physiological roles are multifaceted and critical for systemic health: 

 Glucose Homeostasis: Insulin is the primary hormone responsible for lowering blood 

glucose levels after a meal. It promotes the uptake of glucose from the bloodstream into 

liver, muscle, and adipose (fat) tissue cells, where it is used for immediate energy or 

stored for future use. In the liver and muscles, insulin stimulates the conversion of glucose 

into glycogen, a storage form of sugar. Its actions are coordinated with the hormone 

glucagon, which has the opposing effect of raising blood glucose levels, thereby 

maintaining a stable balance. 

 Metabolic Regulation: Insulin is fundamentally an anabolic, or "building," hormone. 

Beyond its effects on glucose, it promotes the synthesis of fatty acids in the liver 

(lipogenesis), inhibits the breakdown of fats in adipose tissue, and stimulates the 

synthesis of proteins in skeletal muscle. These actions are crucial for cell growth, repair, 

and the efficient storage of energy. 
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 Energy Balance: In the fed state, insulin's presence signals to the body that energy is 

abundant. It orchestrates the balance of micronutrient levels and directs the body's 

energy supply, ensuring that glucose is prioritized as an energy source while promoting 

the storage of excess energy as fat. This function is vital for survival, allowing the body 

to store energy during times of food abundance for use during periods of fasting or 

starvation. 

The proper functioning of insulin is essential for health, and any disruption in its signaling or 

secretion can lead to serious pathological consequences, beginning with the development of 

insulin resistance. 

1.3. Insulin Resistance: Mechanisms, Causes, and Symptoms 

Insulin resistance is a condition of immense clinical and public health significance, recognized as 

a key precursor to Type 2 diabetes, metabolic syndrome, and cardiovascular disease. 

Understanding its underlying mechanisms and diverse causes is critical for identifying at-risk 

individuals and implementing preventive strategies. 

Insulin resistance, also known as impaired insulin sensitivity, is a physiological condition in 

which cells in the muscles, fat, and liver do not respond appropriately to the hormone insulin. As 

a result, these cells cannot efficiently take up glucose from the blood for energy or storage. To 

compensate for this cellular insensitivity, the pancreas produces more insulin, leading to a state 

of hyperinsulinemia (higher-than-normal insulin levels in the blood). For a time, this 

compensatory mechanism can maintain normal blood glucose levels. However, if the pancreas 

cannot sustain this high level of output or if the cells become too resistant, blood glucose levels 

rise, leading to hyperglycemia. 

The causes of insulin resistance are complex and can be categorized as acquired, hormonal, or 

genetic. 

 Acquired Causes: These are factors that are not inherited but develop over time. 

o Excess Body Fat: Obesity, particularly the accumulation of visceral fat (fat 

around the belly and internal organs), is considered a primary cause of insulin 

resistance. 

o Physical Inactivity: A sedentary lifestyle contributes to insulin resistance. 

Conversely, exercise improves muscle insulin sensitivity and increases the body's 

ability to absorb blood glucose. 

o Diet: Diets high in processed foods, carbohydrates, and saturated fats have been 

strongly linked to the development of insulin resistance. 

o Medications: Certain drugs can induce insulin resistance, including steroids, 

some blood pressure medications, and treatments for HIV. 

 Hormonal Disorders: Conditions characterized by an excess of hormones that counteract 

insulin can lead to resistance. 

o Cushing’s Syndrome: This condition involves excess levels of the hormone 

cortisol. 

o Acromegaly: This rare disorder is caused by high levels of growth hormone. 
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o Hypothyroidism: An underactive thyroid gland can slow metabolism and 

contribute to insulin resistance. 

 Genetic Conditions: Several rare, inherited disorders can cause severe insulin resistance. 

o Myotonic dystrophy 

o Alström syndrome 

o Werner syndrome 

o Inherited lipodystrophy (a condition where the body does not properly use and 

store fat) 

For many years, insulin resistance may be asymptomatic, especially while the pancreas can still 

produce enough insulin to keep blood sugar in a healthy range. As the condition worsens and 

hyperglycemia develops, symptoms may appear, including: 

 Increased thirst and frequent urination 

 Unexplained fatigue 

 Blurred vision 

 Increased hunger 

 Acanthosis nigricans: Darkened, velvety patches of skin, typically in the armpit or on 

the back and sides of the neck. 

 Skin tags 

The progression from asymptomatic insulin resistance to overt symptoms underscores the need 

for timely diagnosis and management to prevent long-term complications. 

1.4. Diagnosis and Management of Insulin Resistance 

Diagnosing insulin resistance is a crucial step in preventing its progression to Type 2 diabetes 

and mitigating associated cardiovascular risks. However, a significant diagnostic challenge exists 

because there is no routine, direct test for the condition itself. Instead, diagnosis is often inferred 

from a combination of risk factors, clinical signs, and the results of blood tests used to assess 

related metabolic parameters. 

The diagnostic process begins with a comprehensive evaluation by a healthcare provider, which 

includes a review of the patient's medical history, family history of conditions like diabetes and 

Polycystic Ovary Syndrome (PCOS), a physical examination to look for signs like acanthosis 

nigricans, and a discussion of any symptoms. 

Specific blood tests are then used to screen for the consequences of insulin resistance: 

 Glucose Test: A fasting plasma glucose (FPG) test measures blood sugar after an 

overnight fast. Elevated levels can indicate prediabetes or diabetes. 

 A1c Test: This test provides an average of blood glucose levels over the past three 

months, offering a longer-term view of glucose control. 
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 Lipid Panel: This group of tests measures cholesterol and triglycerides. A characteristic 

pattern of high triglycerides and low HDL ("good") cholesterol is often associated with 

insulin resistance. 

The primary treatment strategies for insulin resistance are centered on lifestyle modifications, 

as these interventions can directly improve the body's sensitivity to insulin. 

1. Nutritious Foods: The cornerstone of dietary management is a focus on whole foods 

while reducing the intake of processed carbohydrates and unhealthy saturated fats. A 

useful tool is the glycemic index (GI), which ranks foods based on their effect on blood 

sugar. 

o Low-GI Foods are recommended as they cause a slower, more stable rise in blood 

sugar. Examples include beans, legumes, non-starchy vegetables (asparagus, 

cauliflower, leafy greens), apples, berries, and nuts. 

o High-GI Foods should be limited as they cause rapid blood sugar spikes. 

Examples include white bread, potatoes, sugary drinks, and cakes. 

2. Physical Activity: Regular, moderate-intensity physical activity is highly effective. 

Exercise increases the muscles' use of glucose for energy and directly improves their 

sensitivity to insulin. 

3. Weight Management: For individuals with excess body weight, particularly abdominal 

obesity, losing weight is a key goal. Even modest weight loss can significantly improve 

insulin sensitivity and reduce the risk of progressing to Type 2 diabetes. 

While no medications are approved to specifically treat insulin resistance itself, several drugs are 

used to manage its associated conditions. Metformin is commonly prescribed for prediabetes and 

Type 2 diabetes to lower glucose production in the liver. Statins may be used to manage high 

LDL ("bad") cholesterol, and various medications are available to treat high blood pressure. 

The prognosis for individuals with insulin resistance depends on its cause and severity. When 

driven by lifestyle factors, it is often reversible or highly manageable with sustained changes to 

diet and exercise. However, if left unmanaged, insulin resistance can lead to serious long-term 

complications, including Type 2 diabetes, metabolic syndrome (a cluster of conditions including 

high blood pressure, high blood sugar, excess body fat around the waist, and abnormal cholesterol 

levels), and heart disease. 

Ultimately, the management of insulin resistance is a proactive strategy focused on mitigating 

these substantial long-term health risks through early and consistent intervention. 

--------------------------------------------------------------------------------  

Chapter 2: Study Guide for Understanding Insulin 

2.1. Introduction 

This study guide is designed to reinforce a comprehensive understanding of insulin's multifaceted 

role in human health and disease. The following sections provide tools to test your knowledge on 

its molecular action, its physiological importance in various organ systems, the historical context 

of its discovery, and its profound clinical implications in conditions like insulin resistance and 

diabetes. 
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2.2. Short-Answer Quiz 

Quiz Questions 

1. What was Dr. Frederick Banting's initial (and ultimately incorrect) hypothesis that 

guided his first experiments to isolate insulin? 

2. Define insulin resistance and explain the compensatory mechanism known as 

hyperinsulinemia. 

3. Name the two primary signaling pathways activated by insulin binding to its receptor 

and state their general functions. 

4. What three lifestyle modifications are the primary treatment for insulin resistance? 

5. Who was the first human patient to be successfully treated with a purified insulin extract, 

and what was the immediate clinical outcome? 

6. Explain the difference between the onset and duration of insulin action, according to the 

CDC source. 

7. List three acquired causes and two hormonal disorders that can lead to insulin resistance. 

8. How does insulin regulate liver function in relation to glucose and fat metabolism? 

9. Why did the Toronto researchers and the University of Toronto decide to patent the 

method for purifying insulin? 

10. What is the role of GLUT4 in muscle and fat cells, and how is it related to the PI3K/Akt 

signaling pathway? 

Answer Key 

1. Dr. Banting’s initial hypothesis was that ligating the pancreatic ducts in dogs would 

cause the exocrine (digestive enzyme-producing) parts of the pancreas to degenerate. He 

believed this would prevent the digestive enzymes from destroying the "internal 

secretion" (insulin) during the extraction process, thereby allowing for its successful 

isolation. 

2. Insulin resistance is a condition where cells in the muscles, fat, and liver do not respond 

effectively to insulin's signal to take up glucose. To compensate, the pancreas secretes 

more insulin to try to maintain normal blood sugar levels, a state known as 

hyperinsulinemia. 

3. The two primary signaling pathways are the PI3K/Akt pathway and the MAPK 

pathway. The PI3K/Akt pathway largely mediates insulin's regulatory roles in cellular 

function and energy metabolism, while the MAPK pathway is primarily involved in 

promoting cell division, protein synthesis, and cell growth. 

4. The three primary lifestyle modifications for treating insulin resistance are eating 

nutritious foods (specifically reducing carbohydrates and unhealthy fats), engaging in 

regular physical activity, and losing excess weight. 

5. The first successfully treated patient was 14-year-old Leonard Thompson on January 

23, 1922. The injection of a more purified extract resulted in a dramatic and successful 
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reduction in his blood sugar and ketones, and he became brighter, more active, and felt 

stronger. 

6. According to the CDC, onset is how quickly insulin begins to lower your blood sugar after 

it is administered. Duration is how long the insulin continues to work to lower your blood 

sugar in the body. 

7. Three acquired causes of insulin resistance are excess body fat (especially visceral fat), 

physical inactivity, and certain medications like steroids. Two hormonal disorders that 

can cause it are Cushing’s syndrome (excess cortisol) and Acromegaly (high growth 

hormone). 

8. In the liver, insulin upregulates glucose-utilizing activities like glycolysis and 

glycogenesis (storing glucose as glycogen). It also downregulates glucose production by 

suppressing gluconeogenesis and glycogenolysis, and it promotes the conversion of excess 

glucose into fatty acids. 

9. The Toronto team patented the method to prevent a single company from securing a 

profitable monopoly and commercially exploiting the discovery. This was also a defensive 

move to ensure that a competitor’s patent could not interfere with or shut down their 

work. 

10. GLUT4 is an insulin-sensitive glucose transporter. The PI3K/Akt signaling pathway 

regulates the translocation (movement) of GLUT4 to the membrane of muscle and fat 

cells, which is the mechanism that allows these cells to take up glucose from the blood. 

2.3. Essay Questions 

1. Analyze the key factors that enabled the Toronto research team of Banting, Best, Collip, 

and Macleod to succeed in developing a therapeutic insulin extract where previous 

researchers had failed. 

2. Compare and contrast the physiological roles of insulin in the liver, skeletal muscle, and 

adipose tissue. How does insulin resistance in these tissues contribute to the development 

of metabolic disease? 

3. Discuss the pathology of insulin imbalance, explaining the conditions of insulin deficiency, 

hyperinsulinemia, and hyperglycemia, and their interrelationships. 

4. Evaluate the relationship between academic research and industry in the context of 

insulin's commercialization. What were the ethical considerations and practical 

necessities that shaped their collaboration? 

5. Develop a comprehensive management plan for an individual diagnosed with insulin 

resistance, integrating dietary recommendations, physical activity, and potential 

pharmacological interventions for coexisting conditions, based on the provided source 

materials. 
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2.4. Glossary of Key Terms 

Term Definition 

Acanthosis Nigricans 

Darkened, velvety patches of skin, typically in the armpit or on the 

back and sides of the neck, which can be a sign of worsening insulin 

resistance or prediabetes. 

Adipose Tissue 
A specialized tissue responsible for lipid storage, found in every part 

of the body. 

Glucagon 
A hormone that performs catabolic functions and coordinates with 

insulin to modulate blood glucose levels. 

Gluconeogenesis 
The production of glucose by the liver. Insulin's role is to 

downregulate or suppress this process to control blood sugar levels. 

Glycemic Index (GI) 
A tool that can help determine what foods have the biggest impact on 

blood sugar levels. 

Glycogen The form in which glucose is stored in the liver and muscles. 

Hyperglycemia 
A condition of elevated blood glucose levels, which occurs when blood 

glucose is greater than 125 mg/dL while fasting. 

Hyperinsulinemia 
A condition in which the amount of insulin in the blood is higher than 

usual, often as a compensatory response to insulin resistance. 

Insulin 
A polypeptide hormone composed of 51 amino acids, secreted by β 

cells in the pancreas, that regulates glucose levels and metabolism. 

Insulin Resistance 
A condition where cells in muscles, fat, and the liver do not respond 

appropriately to insulin; also known as impaired insulin sensitivity. 

Islets of Langerhans 
Clusters of different endocrine cells within the pancreas, primarily 

containing insulin-secreting β cells. 

Ketoacidosis 

An acute, life-threatening complication of insulin deficiency where a 

reliance on fat stores for energy leads to a buildup of acidic ketones 

in the bloodstream. 

Lipotoxicity 
A situation in which increased plasma free fatty acids play roles in 

sustaining insulin resistance and impaired β cell function. 

Metabolic Syndrome 

A cluster of conditions including high blood pressure, high blood 

sugar, excess body fat around the waist, and abnormal cholesterol 

levels. 

PI3K/Akt Pathway 

One of two primary insulin signaling pathways, which largely 

mediates the regulatory roles of insulin in cellular function and 

energy metabolism. 
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Polycystic Ovary 

Syndrome (PCOS) 

A health condition in women, associated with insulin resistance and 

hyperinsulinemia. 

--------------------------------------------------------------------------------  

Chapter 3: Frequently Asked Questions (FAQs) 

This section addresses ten of the most common and important questions regarding insulin, insulin 

resistance, and the history of insulin's discovery. The answers provided are clear, concise 

summaries synthesized from the provided expert source materials. 

1. What is the fundamental difference between Type 1 and Type 2 diabetes in relation to 

insulin? The fundamental difference lies in insulin availability and effectiveness. Type 1 

diabetes is characterized by a severe insulin shortage or deficiency, as the body's immune 

system destroys the insulin-producing β cells in the pancreas. In contrast, Type 2 

diabetes is primarily characterized by insulin resistance, where the body's cells do not 

use insulin properly, which can eventually lead to a relative insulin deficiency as the 

pancreas is unable to keep up with the high demand. 

2. Can insulin resistance be reversed? Yes, in many cases. According to the Cleveland 

Clinic, while not all causes (such as genetic factors) are reversible, insulin resistance 

driven by lifestyle can often be reversed or significantly improved. Making sustainable 

lifestyle changes, including eating nutritious foods, exercising regularly, and losing 

excess weight, may decrease insulin resistance and prevent its progression to Type 2 

diabetes. 

3. What are the first visible signs or symptoms of insulin resistance? For many people, 

insulin resistance has no symptoms for years. However, as the condition progresses 

towards prediabetes, some visible signs may appear. These include the development of 

darkened, velvety skin patches called acanthosis nigricans (often found in the armpits or 

on the neck) and the appearance of small skin tags. 

4. Why is insulin resistance difficult to diagnose in its early stages? Insulin resistance is 

difficult to diagnose early because there is no routine, direct test for the condition. 

Furthermore, as long as the pancreas can compensate for the cellular resistance by 

producing extra insulin (hyperinsulinemia), blood sugar levels can remain in a healthy 

range, and the individual will typically have no symptoms. 

5. What was the single most important technological advantage the Toronto researchers 

had over earlier scientists? The Toronto research team had a major advantage due to 

advances in blood glucose analysis. By 1921, methods for measuring blood glucose were 

more precise and required much smaller aliquots of blood. This allowed Banting and Best 

to repeatedly and accurately monitor the biological effects of their pancreatic extracts, 

giving them a clear readout of their effectiveness that was unavailable to most previous 

researchers. 

6. Beyond blood sugar control, what are some other important physiological roles of 

insulin in the body? Insulin plays a wide range of roles beyond glucose regulation. It is 

a critical anabolic hormone that promotes bone development, regulates functions in the 

brain related to memory and cognition, helps maintain the health of the endothelium (the 
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lining of blood vessels), supports kidney homeostasis, and is even linked to the health of 

skin and hair follicles. 

7. How does diet, specifically the glycemic index of foods, affect insulin resistance? Diet 

has a major impact on insulin resistance. Foods with a high glycemic index (GI), such as 

white bread and sugary drinks, are digested quickly and cause a rapid spike in blood 

sugar, which requires the pancreas to release a large amount of insulin. Consistently high 

insulin demand can worsen insulin resistance. In contrast, low-GI foods, like non-starchy 

vegetables and legumes, cause a slower, more stable rise in blood sugar, placing less 

stress on the pancreas. 

8. What is the role of medications like Metformin in managing insulin resistance? 

Currently, there are no medications approved specifically to treat insulin resistance itself. 

Medications like Metformin are prescribed to treat coexisting conditions that arise from 

it. Metformin is used for prediabetes and Type 2 diabetes; it works by decreasing glucose 

absorption and production and by improving the body's sensitivity to insulin. 

9. Who were the four key individuals credited with the discovery of therapeutic insulin, 

and what was each person's primary contribution? The four key individuals were Dr. 

Frederick Banting, Charles Best, Dr. James Collip, and Dr. J.J.R. Macleod. Banting, a 

surgeon, conceived the initial idea and persevered with the experiments. Best, an 

undergraduate student, was Banting's dedicated assistant throughout the initial work. 

Collip, a biochemist, developed the purification method that made the extract safe and 

effective for human use. Macleod was the head of the laboratory who provided the 

facilities, resources, and crucial scientific guidance. 

10. What are the main types of therapeutic insulin, and how are they classified? 

Therapeutic insulins are classified by how fast and how long they work in the body, which 

is defined by their onset, peak time, and duration. The main types include: 

o Rapid-acting and Short-acting: Begin working quickly and are typically taken 

before meals. 

o Intermediate-acting: Cover insulin needs for about half a day or overnight. 

o Long-acting and Ultra-long-acting: Provide a steady level of insulin for about a 

full day or longer. 

o Premixed: A combination of intermediate- and short-acting insulins. 

--------------------------------------------------------------------------------  

Chapter 4: Historical Timeline of the Discovery and Development of Insulin 

The development of a life-saving therapy for diabetes was not a singular event but the 

culmination of a century-long scientific journey. This journey began with anatomical 

observations in the mid-19th century and progressed through decades of physiological 

experiments by researchers across the globe. The following timeline highlights the key 

milestones that set the stage for, and constituted, the breakthrough discovery of therapeutic 

insulin in Toronto. 

 1869: German medical student Paul Langerhans discovers distinct clusters of cells in the 

pancreas, which would later be named the islets of Langerhans. 
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 1889: In Germany, Oscar Minkowski and Joseph von Mering perform a pancreatectomy 

on a dog and demonstrate that the removal of the pancreas induces a diabetic state, 

linking the organ to glucose regulation. 

 1901: American pathologist Eugene Opie establishes a direct pathological connection 

between damage to the islets of Langerhans and the clinical condition of diabetes. 

 1915-1919: At Rockefeller University, researchers Israel Kleiner and Samuel Meltzer 

publish promising results showing the glucose-lowering effects of pancreatic extracts in 

depancreatized dogs. 

 October 31, 1920: Dr. Frederick Banting, a Canadian surgeon, conceives his idea for an 

experiment: to ligate the pancreatic ducts of a dog to isolate the pancreas's "internal 

secretion" without it being destroyed by digestive enzymes. 

 Summer 1921: At the University of Toronto, under the supervision of Dr. J.J.R. 

Macleod, Banting and his assistant Charles H. Best conduct their experiments. They 

demonstrate that their pancreatic extract, which they call "isletin," can successfully 

control blood sugar in diabetic dogs. 

 December 1921: Biochemist James B. Collip joins the team. He applies his expertise to 

develop a more purified, alcohol-based extraction method suitable for clinical use in 

humans. 

 January 11, 1922: At Toronto General Hospital, 14-year-old Leonard Thompson 

becomes the first person to receive an injection of the pancreatic extract. This initial 

injection is largely ineffective and causes a toxic reaction due to impurities. 

 January 23, 1922: Thompson receives a second injection, this time of Collip's much 

purer extract. The treatment is a dramatic success, causing a significant drop in his 

dangerously high blood sugar and clearing his ketones. 

 May 1922: To address immense production challenges and meet desperate demand, the 

University of Toronto signs an agreement with the pharmaceutical company Eli Lilly and 

Company to scale up the manufacturing of insulin. 

 1923: The Nobel Prize in Physiology or Medicine is awarded to Banting and Macleod for 

the discovery of insulin. In an act of collegiality, Banting shares his prize money with 

Best, and Macleod shares his with Collip. 

 Post-1923: The initial discovery ushered in a century of further scientific advances. 

These included the determination of insulin's full amino acid and gene sequences, which 

ultimately led to the engineering of recombinant human insulin and the development of 

modern insulin analogs. 

--------------------------------------------------------------------------------  
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