
Insulin is a potent anabolic hormone secreted by beta
cells of pancreas and is most commonly used as antidia-

betic therapy. It was discovered in 1921by Banting & Best
& they received Nobel prize for the same in 1923.  Its
molecular structure was determined by Sanger in 1951.
Apart from the antidiabetic use, insulin is also used in a
variety of situations as a diagnostic and therapeutic agent
as shown in Table 11. The exact mechanism for its action
for nondiabetic used is as follows2 :
Diagnostic uses Therapeutic uses
Diagnosis of Growth
  Hormone Deficiency Hyperkalemia management
Diagnosis of ACTH Deficiency Myocardial reperfusion
Growth Medium for cell cultures Nutrition
Narcoanalysis Wound Healing

Anabolic abuse
Antidote
Insulin Potentiation therapy
Schizophrenia
Septic shock
Aging

Diagnostic Uses of Insulin :
Pituitary hormone deficiency syndromes: Insulin tol-

erance test (ITT) is a gold standard for growth hormone
assessment3. Being at risk of seizures and death, it is un-
commonly performed in clinical setting. The advantage
being simultaneous assessment of cortisol axis to rule out
secondary adrenal insufficiency4,5. It is contraindicated in
the elderly, in patients with cardiovascular or cerebrovas-
cular diseases, history of seizures, an abnormal electroen-
cephalogram, recent brain surgery, and severe hypopitu-
itarism6.7. ITT is also used to differentiate Cushing�s syn-
drome from Pseudo Cushing states6.

Cell cultures: Insulin is also used as a growth medium
for a variety of cell cultures. It increases glucose transport
across cell membrane, thereby improving cell survival.

Insulin is also an important component of organ preserva-
tion solutions used for transplants. Additionally, insulin is
used for narcoanalysis by causing hypoglycemia thereby
decreasing higher mental functions. Insulin is required for
the growth and development of cells8 and also stimulates
the proliferation of certain cells in culture9. Insulin is used
as an essential component of synthetic growth media for
cell culture10. Insulin has been found to be stimulatory in
serum-free medium for the growth of virtually every cell
type including mammalian cells11. It is used for the manu-
facture of monoclonal antibodies, virus vaccines, gene
therapy products, and other biological drugs12.

Therapeutic Uses of Insulin :
Hyperkalemia : Glucose insulin infusion is commonly

used to correct hyperkalemia.
Glucose insulin potassium infusion is also used in post

myocardial infarction, to improve the myocardial
reperfusion thereby prolonging the myocardial viability.

Myocardial infarction : Glucose insulin potassium
(GIK) infusion helps in myocardial reperfusion post myo-
cardial infarction by ensuring glucose delivery to myocar-
dium and maintaining ionic pump integrity13. GIK infu-
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sion was one of the first agents to be studied for protection
of the ischemic myocardium that will reduce myocardial
infarct size and improve clinical outcomes14. The imme-
diate myocardial metabolic enhancement during initial
assessment and treatment in emergency care (IMMEDI-
ATE trial) assessed the impact of GIK on acute coronary
syndromes in prehospital emergency medical service set-
tings in the ambulance by the paramedics and showed that
progression to infarction (by biomarkers and ECGs), the
primary endpoint, was not prevented, but infarct size was
significantly diminished, and there was significant reduc-
tion of free fatty acid levels and acute mortality rate.

Nutrition: Insulin is a component of total parenteral
nutrition which helps to absorb nutrients into cells thereby
preventing severe hyperglycemia15. Insulin plays a key role
in protein anabolism as it enhances the rate of amino acid
uptake and protein synthesis in muscles and also inhibits
the extent of protein degradation16,17. Deficiency of insu-
lin results in muscle wasting and increased nitrogen bal-
ance in bed-ridden patients. A study showed that addition
of insulin to PN solutions accelerated restoration of a de-
pleted body cell mass17.

Wound Healing: Topical application of insulin has
shown to enhance wound healing in both diabetic and non-
diabetic subjects18. Sensory organs, central and peripheral
nervous system, vestibule and palate of mouth, tongue,
nose, nails, hairs, sweat and sebaceous glands, eyes and
the ears are specially benefitted. Zinc protamine insulin
(ZPI) accelerates wound healing in open wounds, surgical
incisions and lacerations19. Insulin helps in cellular prolif-
eration in devitalized tissues. After removal of the exu-
date and necrotic tissue, insulin enhances the metabolism
of adjacent layer and stimulates regeneration and prolif-
eration. It also arrests bacterial growth and accelerates
phagocytosis, thereby lowering the risks of infection.

Anabolic use: often insulin is abused by many
sportspersons to increase the muscle bulk often in combi-
nation with growth hormone and anabolic steroids20. Gly-
cogen is the primary source of carbohydrate during exer-
cise. Sport performance is a function of muscle glycogen
stores; �bulking up� these stores will most probably en-
hance performance, ie, the greater the muscle glycogen
stores, the longer the exercise time to exhaustion21. Insu-
lin increases protein synthesis in the muscle by increase in
amino acid transport and ribosomal protein synthesis. It
also increases glycogen synthesis by increasing transport
of glucose and inducing glycogen synthase enzyme22.
Physiological hyperinsulinemia reportedly stimulates
amino acid transport in human skeletal muscles23. It is very
difficult to detect insulin abuse using laboratory tests be-
cause of its short half-life24.

Antidote : In calcium channel blocker and beta blocker
poisoning (Amlodipine atenolol combination or verapamil

overdose), insulin dextrose infusion has been shown to
stabilize the hemodynamic changes, thus enhancing recov-
ery25. Insulin has positive inotropic effect by glucose de-
livery to myocardium and reduced peripheral vascular re-
sistance25,26. Older literature reports of calcium channel
blocker and combined calcium channel blocker and ß
blocker ingestions, the majority of patients have received
between 0.5and 2 units/kg/h insulin infusions27. Usual
dosing includes an initial bolus of 1 unit/kg followed by a
0.5�1 unit/kg/h continuous infusion, although doses of up
to 10 units/kg/h are used in refractory cases.

Insulin potentiation therapy(IPT) : Insulin is used
in combination with low dose chemotherapy to avoid tox-
icity and chemoresistance. Insulin enhances the effects of
chemotherapy, which enables 75%�90% reduction of the
estimated doses of anticancer drugs thus reducing the risk
of their adverse effects28. Therefore, insulin is used as an
adjunct to low-dose chemotherapy. The mechanism of
potentiation of chemotherapy is unclear. The mechanisms
that were considered are as follows. Firstly, insulin in-
creases the permeability of the cell membrane for cyto-
toxic drugs, resulting in higher intracellular drug concen-
trations. Due to the influence of insulin on cell cycle ki-
netics, insulin would increase the S-phase fraction of tu-
mor cells, hence making the tumor more vulnerable for
the action of cytotoxic drugs, in particular cell-cycle-phase-
specific agents. Additionally, IPT would differentiate be-
tween cancerous and normal cells based on the higher lev-
els of insulin receptors on cancerous cells29.

Schizophrenia : Deep insulin coma therapy by insulin
injection to induce severe hypoglycemic coma for 10-
15minutes followed by reversal with glucose infusion was
used for a few days or till patient�s symptoms are abated30.
This treatment was stopped in 1950s due to severe risk to
life.

Septic shock : Hyperglycemia and insulin resistance
are common in critically ill patients, independent of a his-
tory of diabetes mellitus [31]. Other reasons for hypergly-
cemia during critical illness include enhanced hepatic glu-
coneogenesis, impaired insulin secretion, and decreased
insulin sensitivity due to anti-insulin effects of stress hor-
mones, and proinflammatory cytokines have been re-
vealed32. Insulin resistance seen in sepsis can be restored
to normalcy by infusing insulin continuously33. Insulin use
is shown to improve septic shock.

Aging : Insulin has also been associated with an in-
creased release of Klotho34. Klotho is a recently discov-
ered antiaging (aging suppressor) gene, and it is expressed
in mouse pancreatic islets and insulinoma beta cells (MIN6
cells)35. In humans, the klotho levels decrease gradually
with advanced age36. Older studies observed in that secre-
tion of Klotho is regulated by insulin37. Klotho inhibits
aging by interfering with the actions of insulin and insulin
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growth factor 1, an evolutionarily conserved mechanism
for extending life span38. Klotho-induced inhibition of in-
sulin/IGF-1signaling is associated with increased resistance
to oxidative stress, which potentially contributes to the anti-
aging properties of klotho37. Overexpression of klotho
protein extended the life span in mice39. This suggests the
possibility that insulin might be involved in the processes
of anti-aging and longevity. It needs further research be-
fore it can be used practically.

Conclusion:
Traditional use of insulin is for the glycemic control

but it has a variety of non-diabetic uses as well. Thus, in-
sulin has potential in assisting management of many other
diseases due to its pleiotropic effects.
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