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Charles Best (left) and Frederick Banting (right), 1921.



In January 1921, a small wasted and severely dehydrated boy by the name of Leonard
Thompson, of just fourteen years lay dying in the general medical ward of the Toronto
General Hospital. He had been diagnosed with the fearful condition diabetes mellitus,
which meant a death sentence, nothing further could be done for him - unless....

Some months earlier a Canadian University of Toronto doctor by the name of Frederick
Banting and his young American medical student assistant, Charles Best had approached
John J. McCloud, an eminent professor of Physiology at Toronto University. They asked
him for the use of his laboratory over the summer break period, to work on their dream of
isolating the substance produced in the pancreas that controlled glucose metabolism.
McCloud was reluctant, but after much negotiation eventually agreed, then immediately
packed up and went for a fishing holiday in Scotland.

While McCloud was away Banting and Best worked feverously to isolate a theoretical
substance that had been termed “insuline:, by Edward Sharpey-Schafer some years
before. They made extracts of the secretions of the Islet of Langerhans from the pancreas
of a specially prepared dog. Eventually they obtained enough insuline to inject it into a
another dog that had diabetes and was close to death. With continuing injections, the
small dog, soon sat up, happily wagging its tail. The results of this experiment were
electrifying - the implication for human medicine being immediately obvious. Diabetes
mellitus was an incurable disease, with death as assured for anyone diagnosed with it as
it had been for a diagnosis of rabies the previous century until the time of Louis Pasteur.
The doctors looking after young Leonard Thompson, knew of Banting and Best’s work.
They approached them to see if they could possibly help.

With Leonard, now near comatose, the medical staff approached his distraught father,
and explained how a new medicine had just been developed, and it could possibly save
his son’s life. They stressed that it had never been tried before, but with nothing now to
lose, Leonard’s father agreed to let them try the new discovery on his son. After some self
experimentation, and much soul searching Banting and Best began administering their
bovine “insuline” extract to the dying boy. At first nothing happened and things seemed
to get worse when Leonard developed a severe allergic reaction. Banting and Best,
correctly deduced that their insuline was not pure enough and worked frantically with the
biochemist James Collip to rectify this. Collip managed to purify the extract to a much
higher degree and treatment then quickly resumed. Then a miracle happened. Leonard’s
blood glucose levels began to decline, his conscious state began to improve and he began
to eat and drink, within days he was able to get out of bed, and within weeks he was well
enough to go home. For the first time in history a patient had been saved from an
incurable endocrine disease!

Word of the miracle cure spread like wild fire amoung the medical profession and very
soon reached the attention, not only of the Canadian press, but also the American and in
short time Banting and Best were hailed as medical messiahs around the globe. J.J
McLeod rushed home, and heated “negotiations” began within professional circles. The
following year in 1923, the Nobel Prize Committee amidst much fanfare announced that
year’s winner of the Nobel Prize for Physiology or Medicine, would go to Frederick
Banting, and....J.J McCloud....the fisherman. Charles Best and James Collip were not
acknowledged at all. Frederick Banting, was incensed at the treatment of his young



colleague and in recognition of his work he gave half of his Nobel Prize money to him.
The Eli Lilly Company in Indianapolis very soon got into large-scale production of
bovine insulin. One of the greatest triumphs in Medicine had been achieved by Frederick
Banting and his young colleague Charles Best - whom today all the world recognizes as
the co-discoverer of insulin, even if the Nobel committee does not. Collaterally, the drug
company Eli Lilly also did rather well, ushering in the new age of “big Pharma”.

While history quite correctly records the glories of Banting, Best and Collip, very little is
known of the story of Leonard Thompson, or the agonies he and his family must have
suffered during his “incurable” illness at the age of just fourteen years. Leonard would
be kept alive by insulin injections for thirteen years. He eventually died of pneumonia at
the age of 27 years in 1934 - just a decade before the Australian Dr Howard Florey and
his team produced with another miracle breakthrough of Twentieth century medicine,
that could have saved him a second time. But it remains his and his family’s legacy to the
world that, by being the first brave patient to be treated with bovine insulin, millions
around the globe today now lead near normal lives, where once they would have had no
hope of survival.

Vial of Connaught insulin, one of the first insulin preparations, Toronto 1923, (Wellcome
Medical Library).



INSULIN
Introduction
Diabetes mellitus is treated with human insulin analogues.

An insulin analog is a synthetic form of natural human insulin, that is still able to
perform the same action as endogenous human insulin.

Through genetic engineering alterations in the amino acid sequence of insulin can be
made to alter its pharmacokinetic properties (i.e its absorption, distribution, metabolism,
and excretion characteristics).

Officially, the U.S. Food and Drug Administration (FDA) refers to these as “insulin
receptor ligands”, although they are more commonly referred to as insulin analogs.

Insulin is the main regulatory hormone for:

° Reducing blood glucose levels but promoting intracellular glucose uptake
° Promoting glycogen synthesis
° Inhibiting glycogenolysis and gluconeogenesis.

Indications for insulin use in the ED include:

° Diabetic Ketoacidosis

° Hyperosmolar Hyperglycemic State (HHS)
° Insulin - Dextrose Euglycemia therapy:

v High dose insulin (in conjunction with glucose) as an antidote for calcium
channel blocker overdose and beta blocker overdose.

° Emergent treatment of hyperkalemia.

See also separate documents on:

° Insulin overdose (in Toxicology folder).

° Insulin - Dextrose Euglycemia (in Drugs folder).

° Hypoglycemia (in Endocrine folder).



History

In 1869 Paul Langerhans, (1847-1888) a German pathologist, physiologist and
biologist, while still a medical student, was studying the microscopic structure of the
pancreas, when he noticed unusual and previously undescribed tissue clumps scattered
throughout the organ. He provided an excellent description of these mysterious
structures, but he remained puzzled by their actual function.

In 1889 Oskar Minkowski and Joseph von Mering (1849-1907) removed a dog’s
pancreas to determine the effects. Not only could it no longer digest fats or protein it
developed diabetes, passing large amounts of glucose in its urine. It seemed the pancreas
had something to do with diabetes. Needless to say the poor animal died.

Gustave Edouard Laguesse (1861 - 1927) was a French pathologist and histologist born
in Dijon. In 1893 he named the small cellular clusters of cells discovered by Langerhans
the “Islets of Langerhans”, in recognition of their discoverer. Laguesse was the first to
postulate that it was the Islets of Langerhans which produced something that played a
crucial role in digestion.

Edward Sharpey-Schafer later confirmed that it was indeed a substance that was being
produced by the Islets that controlled glucose metabolism, and be named the substance
“insuline” after the Latin word insula for island.

In January 1922, Leonard Thompson, a 14 year-old boy dying from diabetes in a
Toronto hospital, became the first person in history to receive an injection of bovine
insulin, which saved his life.

The 1923 Nobel Prize for Physiology or Medicine was awarded to Frederick Banting
(1891- 1941) and J.J.R. Macleod for the isolation of insulin, which had led to the
successful treatment of Leonard Thompson. Banting was incensed that his close
colleague Charles Best was not recognized by the committee as the co-discoverer of
insulin and so he shared half of his prize money with him.

The primary structure of bovine insulin was first determined by Frederick Sanger in
1951. He won the 1958, Nobel Prize in Chemistry for his discovery.

Physiology

Hormones produced in the islets of Langerhans include:
° Alpha cells producing glucagon

° Beta cells producing insulin

Insulin is the main regulatory hormone for:

° Reducing blood glucose levels but promoting intracellular glucose uptake



° Promoting glycogen synthesis

° Inhibiting glycogenolysis and gluconeogenesis:
v Glycogenolysis:
This is the breakdown of glycogen stores to produce glucose.
v Gluconeogenesis:
This is a metabolic pathway that results in the generation of glucose from
non-carbohydrate carbon substrates such as pyruvate, lactate, glycerol, and

glucogenic amino acids.

While primarily odd-chain fatty acids can be converted into glucose, it is
possible for at least some even-chain fatty acids.

Insulin stimulates the transfer into the cells of: *
° Glucose

° Potassium

° Phosphate

° Magnesium

There are 4 naturally occurring hormones in the body which can antagonize the actions of
insulin:

° Glucagon

° The catecholamines (adrenaline / noradrenaline)
° Cortisol

° Growth hormone (or somatotropin)
Chemistry

Insulin is a naturally occurring peptide hormone.
Within vertebrates, the amino acid sequence of insulin is strongly conserved.

Proinsulin is the prohormone precursor to insulin made in the beta cells of the islets of
Langerhans. Proinsulin is activated as follows:

Proinsulin — insulin + c-peptide.



The connecting peptide, or C-peptide, is a short 31-amino-acid polypeptide that
connects insulin’s A-chain to its B-chain in the proinsulin molecule.

C-peptide can be used as a marker for endogenously produced insulin - as opposed to
exogenously administered insulin which does not contain this peptide.

Preparations

Modern insulin products are either human insulins or insulin analogues obtained by
recombinant DNA technology.

The use of older preparations of porcine or bovine insulins is now rare.
There are a large number of preparations of human insulin analogs.
Some examples (generic and brands) include:

Rapid (or ultra short) (bolus) acting:

Lispro:

° Humulog
Glulisine:

° Apidra
Aspart:

° NovoRapid

Short acting (sometimes also referred to as soluble or reqular) (bolus):

Neutral (human):

° Actrapid
° Humulin R
° Humulin

Intermediate acting (basal):

Isophane (protamine suspension):

Isophane human insulin is of recombinant DNA origin. It is a crystalline suspension of
human insulin with protamine and zinc.



° Humulin NPH
° Protaphane
° Hypurin isophane

Long acting (basal):

Detemir:

° Levemir
Glargine:

) Lantus

Combination (biphasic premixed) preparations:

There are a very large array of these, some examples include:
Neutral / isophane:

° Humulin 30/70

° Mixtard 30/70

Lispro/ lispro protamine:

° Humalog Mix 25

° Humalog Mix 50

Aspart / aspart protamine:

° NovoMix 30

Basal and Bolus Insulins: *

Basal insulin:

) This refers to the mandatory background insulin requirement over 24 hours
independent of carbohydrate intake.

) Typically it is 40 - 50 % of the total daily insulin dose, achieved with once or
twice daily long- or intermediate acting insulin.



Bolus insulin:
This refers to two specific situations:
° Prandial insulin:

v Insulin required to cover a carbohydrate intake; usually achieved with
short or very short acting insulins.

° Correction doses of insulin:

v Supplemental insulin doses to return high blood glucose concentrations to
acceptable levels; usually achieved with short or very short acting insulins.

Delivery devices:

Products are available in:

° Vials for use with a syringe
° Cartridges for use with a pen injection device
° Disposable prefilled pen devices.
° Continuous SC pump infusion devices:
v These pump a continuous infusion of short or ultra-short-acting insulin

with additional bolus doses activated by the patient before meals.

Pen devices are more convenient than syringes and avoid the need to draw up insulin, (a
not insignificant challenge in patients with diabetic retinopathy).

Most products contain 100 units of insulin/mL.

Mechanism of Action

The principle action of insulin is to facilitate the transport of glucose from the
extracellular space to the intracellular space.

Insulin lowers blood glucose levels by binding to specific insulin receptors to increase
glucose uptake and inhibit hepatic glucose output.

Pharmacodynamics

The actions of the various current insulin preparations may be summarized in the table
below:



Type (Duration of | ONSET PEAK | DURATION | EXAMPLES Comments
Action) (Generic)
RAPID 5-15 30-60 2-5 hours Lispro Can be
(Ultra short minutes minutes injected at
acting) Glulisine the start of a
meal
Aspart
SHORT 30 1-3 4-8 hours Neutral Injected 30 -
(Soluble /regular) | minutes hours 40 minutes
before a meal
INTEMEDIATE | NPH/ Lente Isophane (protamine Used to
(Isophane or zinc suspension) control
insulin) 1-2 hours 4-8 8-12 (NPH) glucose
hours levels
between
Ultralente 4-8 8-28 meals.
hours (Ultralente)
2-3 hours
LONG 30-60 No peak | 16-24 Detemir (16 hours) Usually
minutes taken once
Glargine (24 hours) daily

Pharmacokinetics

Absorption:

Insulin, depending on its formulation, can be given:

° S.C

v

SC injections are usually given in the abdomen (this gives the fastest rate
of absorption and onset of action).

The upper thigh, upper arm, or buttock are alternative S.C routes.

° IV (bolus or continuous infusion):




v The short acting and ultra-short insulins (i.e the “bolus” insulins) can be
given by the 1V route.

v In the rare event that insulin is not able to be administered by intravenous
infusion safely, the IM route of insulin delivery may be used for correction
of hyperglycaemia and acidosis. 8 - 10 units of short-acting insulin are
every hour initially.

Note that intramuscular injection is not possible using an insulin syringe
due to its short needle length. *

The IM route is better than the SC route when patients are dehydrated/
shocked.

The time of onset, the peak effect and the duration of action will depend on the
formulation, (see above).

Metabolism and excretion:

) Endogenous insulin is 60 % degraded by the liver and 40 % excreted by the
kidneys.

Indications

Indications for insulin include:

1. Diabetes mellitus:
° Type |
° Type IlI:
v When inadequately controlled with diet, exercise and oral

antidiabetic drugs, insulin may be given in combination with oral
antidiabetic drugs.

v When oral antidiabetic drugs cannot be used (e.g. pregnancy,
surgery).

Indications for insulin use in the ED include:
2. Diabetic Ketoacidosis
3. Hyperosmolar Hyperglycemic State (HHS)

4. Insulin - Dextrose Euglycemia therapy:



5.

v High dose insulin (in conjunction with glucose) as an antidote for calcium
channel blocker overdose and beta blocker overdose.

Emergent treatment of hyperkalemia.

Contra-indications/precautions

These include:

1. Hypoglycemia (contraindicated).

2. Hypokalemia (insulin can aggravate)

3. Known allergy to a particular product/ excipient.

4. Alcohol can decrease blood glucose and so may potentiate the action of insulin. 2

) Avoid binge drinking and have something to eat when you drinking
alcohol.

5. Beta-blockers:

° These may mask the early signs of impending hypoglycaemia, (hence
educate and use with caution).

6. Hyperkalemia in patients with adrenal insufficiency:

) Intravenous sodium bicarbonate, rather than glucose and insulin, is
preferred for emergency treatment of hyperkalaemia if adrenal
insufficiency cannot be excluded.

This is because patients in adrenal crises have a tendency to hypoglycemia
(due to lack of corstisol antagonism) and these patients are very sensitive
to the effects of insulin.

Pregnancy

Most insulin analogs are considered safe for use in pregnancy - see product information
for each.

Breast feeding:

Insulin is safe in breast feeding.

Adverse Effects

These include:



Hypoglycemia:
Hypoglycemia is the principle and most serious adverse effect of insulin.

It may be precipitated by:

° Excessive dosage
° Delayed or insufficient food
° Increased requirements:

v Physical activity.
Hypokalemia:

° Usually only with unusually large doses e.g. in Insulin - Dextrose
Euglycemia therapy or deliberate overdose.

More minor effects may include:

3.

4.

5.

Dosing

Excessive weight gain
Allergic reactions:
° To particular product/ excipient.

v When generalised allergic reactions occur, changing to another
insulin or desensitisation therapy may be necessary.

Local injection reactions:
° Erythema/ Itching:

v These local reactions often settle spontaneously. >
° Lipodystrophy

° Lipoatrophy

Type | Diabetic Therapy:

The total daily insulin requirement for a healthy adult is about 0.5 to 0.8 units/kg. *



However, it is difficult to be specific about the starting dosage of insulin for a person
newly diagnosed with type 1 diabetes.

Each case needs to be assessed individually, as:
° Insulin deficiency is often partial rather than total.
° The degree of metabolic decompensation is variable at presentation.

For a person with newly diagnosed type 1 diabetes, but without DKA, a “typical” starting
dosage of insulin is around 0.3 - 0.4 units/kg per day. *

Insulin doses are then titrated until fasting preprandial and postprandial glycaemic targets
are achieved.

Thorough education and support is required in the early stages.

Changes in insulin regimens may become less frequent as blood glucose concentrations
settle.

Day to day variations of bolus insulin requirements are normal.
There are a range of dosing techniques including: *

Multiple daily injection (basal - bolus) insulin regimen: *

Patients diagnosed with type 1 diabetes should initially be commenced on a multiple
daily injection (previously termed basal-bolus) insulin regimen.

The multiple daily injection regimen involves giving basal insulin before bedtime and
bolus insulin with meals.

A typical regimen would be:

° Basal insulin (approximately 40% of daily insulin requirement) SC, once
daily at the same time each day

Plus

° Bolus insulin (approximately 60% of daily requirement) SC, given in divided
doses immediately before meals according to carbohydrate content of the
meal.

Long-acting insulin is generally preferred over intermediate-acting insulin for the basal
component of a multiple daily injection insulin regimen.

Very-short-acting insulin is generally preferred over short-acting insulin for the bolus
component of a multiple daily injection insulin regimen.



The dose of basal insulin is titrated to achieve target fasting capillary glucose
concentrations.

The doses of bolus insulin are adjusted according to the person’s:

° Intended carbohydrate intake
° Expected level of physical activity
° Blood glucose concentration at that time - incorporating a correction dose if

outside the agreed range.

The patient should be trained by a multidisciplinary team to be proactive rather than
reactive when adjusting insulin.

The use of very-short-acting insulin in multiple daily injection regimens reduces the risk
of overnight hypoglycaemia and the postprandial rise in blood glucose.

Sometimes basal insulin is required twice rather than once daily.

Mixed insulin regimens:

Mixed insulin regimens are a mixture of short-acting or very-short-acting and
intermediate-acting insulin, given twice daily.

This can either take the form of combination (biphasic premixed) insulin or, less
commonly, free-mixing, allowing variation of the ratios.

These insulin regimens are less commonly used in managing type 1 diabetes.

Continuous subcutaneous insulin infusion:

Insulin pump therapy or continuous subcutaneous insulin infusion (CSII) is becoming
increasingly popular in managing type 1 diabetes.

CSII uses an external insulin pump programmed to deliver a basal insulin infusion
throughout the day and night, and bolus insulin doses as required.

People who adopt this insulin regimen need to be motivated, appropriately educated and
must attend a specialist diabetes centre.

Patients need to monitor their blood glucose frequently, count carbohydrates regularly
and carefully select bolus insulin doses accordingly.

Disposable catheters are used and the site needs to be changed at least every 3 days.



Possible complications include abscesses at the injection site and catheter blockages, both
of which can rapidly lead to hyperglycaemia and ketoacidosis.

The most important indications for CSII therapy include:
° Inadequate glycaemic control despite good compliance
° Frequent severe hypoglycaemia.

Because the pump only contains short-acting insulin, in the setting of pump malfunction,
the patient rapidly becomes insulin deficient.

All patients on CSII need an action plan in the case of pump failure and must revert to
subcutaneous injections immediately until the pump is functioning or is replaced.

The newest insulin pumps are able to link with subcutaneous continuous glucose
monitors, enabling more intensive blood glucose monitoring, alarm systems for
hypoglycaemia or hyperglycaemia and automatic cessation of the infusion in the event of
hypoglycaemia.

This technology is expensive and not widely used in Australia at present.

There is research and significant progress in this area including potential for a closed loop
system that monitors glucose continuously and adjusts insulin doses automatically.

Type Il Diabetic Therapy:

When glycaemic targets cannot be met using non-insulin antihyperglycaemic drugs in
people with type 2 diabetes, insulin treatment should begin promptly.

Most people with type 2 diabetes eventually require insulin treatment due to the natural
history of progressive beta cell failure.

See also Appendix Il below.

Fasting surgical patients/ unwell medical patients

In these situations an intravenous insulin infusion should be run concurrently with an
intravenous glucose infusion.

The initial insulin infusion rate should be based on the patient’s established insulin
requirements.

For example:

° A patient usually requiring 0.5 to 1 unit/kg/day of insulin has normal insulin
sensitivity and could be commenced on an infusion of 2 units/hour.



° Patients requiring less than 0.5 units/kg/day could be considered to be more
insulin sensitive.

° Patients needing greater than 1.0 unit/kg/day could be considered to be relatively
insulin resistant.

Initial infusion rates should be adjusted accordingly. Subsequent rate adjustment should
be based on hourly capillary blood glucose concentrations as outlined in the table below.

A suitable regimen is: *

° Glucose 5% IV 100 mL/hour (i.e 5 grams glucose per hour) by continuous 1V
infusion

Plus

° An insulin infusion as:

Capillary blood
glucose (mmol/L)
measured every
hour

Intravenous insulin infusion rate (guide only)

Insulin-sensitive patients

Normal insulin sensitivity

Insulin-resistant patients

0- 5 mmol/L Withhold infusion for 30 Withhold infusion for 30 Withhold infusion for 30
minutes. minutes. minutes.
Treat hypoglycaemia Treat hypoglycaemia Treat hypoglycaemia
Restart at 0.5 units/hour Restart at 1 units/hour Restart at 2 units/hour

5.1-7.0 mmol/L 1 unit/hour 2.5 units/hour 3 units/hour

7.1 -10 mmol/L 1.5 units/hour 2.5 units/hour 4 units/hour

10.1 - 15.0 mmol/L

2.0 units/hour

3 units/hour

5 units/hour

> 15 mmol/L

3 units/hour

3.5 units/hour

6 units/hour




Note his is a guide only; depending on the patient's response, it may be necessary to
switch to a more conservative or aggressive approach during the course of treatment.

In general terms:

° Patients with usual insulin requirements less than 0.5 units/kg/day; generally have
pronounced response to incremental changes to insulin dose.

) Patients with usual insulin requirements between 0.5 to 1 unit/kg/day; generally
have a predictable response to changes to insulin dose.

° Patients with usual insulin requirements more than 1 unit/kg/day; generally
require larger incremental dose changes for desired response.

Diabetic Ketoacidosis:

° See Diabetic Ketoacidosis in Endocrine folder

Hyperosmolar Hyperglycemic State (HHS):

° See Hyperosmolar Hyperglycemic State (HHS) in Endocrine folder

Hyperkalemia:

° See Hyperkalemia in Renal and Electrolytes folder.

Insulin - Dextrose Euglycemia therapy:

° See Insulin - Dextrose Euglycemia in Drugs folder

Education and Support Services

Diabetes Australia:

° www.diabetesvic.org.au/



Appendix 1

Comparison of Equal Amounts
of Different Types of Insulin

Rapid Acting

8 .
= Short Acting
£
= . .
@ Intermediate Acting
Long Acting
0 [0 O ) O ) T T O PO VO Y (N VR T P

2 4 6 8 10 12 14 16 18 20 22 24
Injection Time, hours



Appendix 2:

Algorithm for the treatment of type |l diabetes

Healthy eating and exsrcise

|

Continue metformin
Add a sulforyurea

Mot meeting glycaemic
targets [NB4]

Meeting glycaemic
Yes targets? Mo
L J
Monitor HbAlc every Begin metformin [NE3]
3 1o 6 months
Mot mesting glycaemic
targets [NB4]
Continue metformin
Add one of the following drugs:
Continue metformin - DPP-4 inhibitor
Add basal insulin - GLP-1 agonist
Consider ceasing other noninsulin
antihyperglycaemic drugs basad on:
- nisk of hypoglycasmia
- complexity of regimen Not meetin
* - TGA licensed combinations [NBE] -+ glycaemic taéets
Mot meeting
glycaemic targets

L J
Continue existing therapy

Add one of the following drugs:

- DPP-4 inhibitor

- GLP-1 agonist

- acarbose

- thizzolidinedionas [NES)

Mot meeting
glycaemic targets

l

Continue metformin

Imtensify insulin therapy by changing to
mixed insulin regimen or multiple daily
injection (basakbolus) insulin regimen

Consider ceasing other noninsulin
antihyperglycaemic drugs basad on:
- nisk of hypoglycasmia

- complexity of redimen

- TGA licensed combinations [NEG]



Leonard Thompson, a Canadian boy aged 14 years, c. 1922, the first person in history to
survive type | diabetes by being treated with bovine insulin.
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