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Insulin Discovery

Patient with diabetes before and two months after taking insulin

Lilly researchers 
collaborated with 
scientists at the 
University of Toronto to 
develop a process to 
mass-produce insulin.

The work resulted in the 
introduction of the 
world’s first commercial 
insulin product in 1923. 





Ominous Octet





Antagonists of Octets



The Dirty Dozen of Diabetes (8+4)

• The additional of four well-known 
hormones were proposed to the 
list of players in diabetes to bring 
the number to 12.

• All four hormones have adequate 
biochemical, epidemiological, 
observational or clinical support to 
merit inclusion in the list of the 
Dirty Dozen of Diabetes. 



9. Catecholamine's, 
INCLUDING DOPAMINE

• The ninth player the Ominous Octet is 
the catecholamine family. Dopamine, 
which is the catecholamine with highest 
concentration in the brain,”. The 
dopamine modulator drug 
bromocriptine is used for the 
management of type 2 diabetes. Stress 
is linked with the onset of and with 
poor control in diabetes.

• Judicial use of timed release 
bromocriptine helps in resetting the 
sustained hyperdopaminergic tone that 
is characteristic of many type 2 diabetes 
patients.

• .

10. VITAMIN D

• Vitamin D acting as an immuno-
modulatory hormone, it decreases 
pro-inflammatory cytokines, 
increases anti-inflammatory 
cytokines, reduces autoimmune 
insulitis and protects against type 1 
diabetes in children exposed to high 
doses of vitamin D in utero or in 
infancy. In adults, vitamin D is linked 
with both insulin secretion and 
insulin sensitivity, and there is a 
strong body of evidence, which 
justifies its inclusion in the Diabetes 
Dirty Dozen.

• Low vitamin D levels are associated 
with a higher prevalence of metabolic 
syndrome, diabetes, obesity, 
hypertension, coronary artery 
disease and stroke.



11. Renin–Angiotensin System

• Vitamin D deficiency and obesity are 
associated with stimulation of RAS 
activity.

• Randomized controlled trials reveal a 
lower incidence of new-onset 
diabetes in patients prescribed 
angiotensin-converting enzyme 
inhibitors and angiotensin receptor 
blockers. Because of this, and their 
nephro-protective and cardio-
protective effects, these molecules 
have become drugs of first choice in 
hypertension associated with 
diabetes. The future holds promise 
for RAS-based intervention in 
diabetes care. RAS, therefore, should 
justifiably be included as part of the 
Dirty Dozen.

12. Testosterone

• The fourth hormone, which should 
be added to the list of diabetes 
players to complete the Dirty Dozen, 
is testosterone.

• In diabetes, low levels of FSH may 
cause lower androgen synthesis 
through local cytokines and may lose 
its capacity to do so in diabetes. 
Studies have shown that low 
testosterone precedes the onset of 
diabetes, and androgen deprivation 
therapy exacerbates insulin 
resistance/worsens glycaemia in 
prostate cancer patients. 

• “hypogonadism in men with diabetes 
"condition affects much more than 
sexuality. Low testosterone levels 
should certainly be treated, aiming 
for high-normal values, but equally 
certainly should not be over-treated.



Treacherous Thirteen 12+1 (iron included),

we need to utilize every preventive and therapeutic strategy
available to us in order to halt the diabetes pandemic.

Each of the known pathogenetic mechanisms should be studied and
assessed with an open mind for each individual patient in order to
achieve the best possible outcomes.



Tablet

• Blood glucose:< 16 mmol/L

• HbA1C   :7-9%

• Algorythm: Metformin
How to decide + Lifestyle 
for any one

Comorbidities:

***Patient preference

Insulin

• High blood glucose with 
severe symptom

• Secondary failure

• HbA1C > 9

• Renal failure

• Hepatic failure

• Diabetic emergency

• Non diabetic emergency

• Pregnancy 

• Acetonuria

Drug: How to decide



Pharmacologic Approaches to Glycemic Treatment: 

Standards of Medical Care in Diabetes - 2018. Diabetes Care 2018; 41 (Suppl. 1): S73-S85

Anti-hyperglycemic Therapy in Adults with T2DM



Anti-hyperglycemic Therapy in Adults with T2DM

Pharmacologic Approaches to Glycemic Treatment: 

Standards of Medical Care in Diabetes - 2018. Diabetes Care 2018; 41 (Suppl. 1): S73-S85



How to select



• Mr. Y, 58 years of age.

• Type 2 Diabetes for 6 years.

• On metformin 1.5g/d & glimiperide 4mg 1 tabs BBF.

• Liraglutide was added. Was maintained on 1.2 mg/day.

Case A – Mr. Y Individualization

Weight: 95 kg. 
BMI: 33.8kg/m2

BP: 130/80

A1C: 8.2%
FPG: 9.4 mmol/L

PPG: 12.6 mmol/L
eGFR: >60ml/min



• Is he a responder? 

• Should we continue Liraglutide?

After           Liraglutide 6 
months…

Weight: 91 kg. 
[-4kg]

A1C: 7.1%
[-1.1%]



NICE technology appraisal guidance 203. http://www.nice.org.uk/guidance/TA203. 

NICE Guidance on Liraglutide



LEADER: Study design

CV, cardiovascular; HbA1c, glycosylated haemoglobin; OAD, oral antidiabetic drug; OD, once daily; T2DM, type 2 diabetes mellitus.
Marso SP et al. N Engl J Med 2016. DOI: 10.1056/NEJMoa1603827.

Liraglutide 0.6–1.8 mg OD + standard of care

Placebo + standard of care

Duration 3.5–5 years

9340 patients

• Double blinded

• 2-week placebo run-in

Randomisation (1:1) End of treatment

Key exclusion criteria

• T1DM

• Use of GLP-1RAs, DPP-4i, pramlintide, or rapid-acting insulin

• Familial or personal history of MEN-2 or MTC

Key inclusion criteria

• T2DM, HbA1c ≥7.0%

• Antidiabetic drug naïve; OADs and/or basal/premix insulin

• Age ≥50 years and established CV disease or chronic renal failure 
or

• Age ≥60 years and risk factors for CV disease

Placebo 
run-in

Safety follow-up

Safety follow-up

30 days2 weeks

Screening



Individual components of the primary 
endpoint

Hazard ratio (95% CI)

Favours placeboFavours liraglutide

Hazard ratios and p-values were estimated with the use of a Cox proportional-hazards model with treatment as a covariate.
%, percentage of group; CI, confidence interval; CV, cardiovascular; HR, hazard ratio; N, number of patients. 
Marso SP et al. N Engl J Med 2016. DOI: 10.1056/NEJMoa1603827.

0.5 1 1.5

Hazard ratio
(95% CI) p-value

Liraglutide Placebo

N N

Number of patients 4668 4672

CV death 0.78 (0.66 ; 0.93) 0.007 219 278

Non-fatal MI 0.88 (0.75 ; 1.03) 0.11 281 317

Non-fatal stroke 0.89 (0.72 ; 1.11) 0.30 159 177



• Acarbose (X)Renal failure, cost effectivity /patient 
intolerant

• dPP4 inhibitors (gliptin)(X):High TG, pancreatitis, 
thyroid nodule, cost effectiveness 
(**Linagliptin preferred in renal failure, Liver disease)

• SGLT-2 inhibitor(Dapagliflozin)(X):UTI, renal failure 
cost effectiveness

• **MR,SR,XR should not be broken, metformin may 
pass with stool intact

Tablet



Tablet

• Metformin:(X)-Creatinine 1.5,liver disease with 
higher SGPT, Acute coronary syndrome, heart 
failure/lung disease with respiratory distress, Febrile 
state /dehydration

• Sulphonylurea: (X)Obese, on SUs for more than 
10rs,CCr <30,when maximum dose(4 tabs) has been 
tried





Coronary Heart Disease: Recommendations 

In patients with T2DM and established ASCVD,
antihyperglycemic therapy should begin with lifestyle
management and metformin and subsequently incorporate
an agent proven to reduce major adverse CV events and CV
mortality (currently empagliflozin,canagliflozen and
liraglutide), after considering drug-specific and patient
factors.

Cardiovascular Disease and Risk Management: 

Standards of Medical Care in Diabetes - 2018. Diabetes Care 2018; 41 (Suppl. 1): S86-S104
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Cardiovascular Outcome Trials: 
Marketed SGLT2 Inhibitors

CANVAS Program
(Canagliflozin)1

EMPA-REG OUTCOME
(Empagliflozin)2

DECLARE
(Dapagliflozin)3,4

Study 
Design

Patients
(N)

10,142 7020 17,276

Primary
Prevention

Yes (35%) No Yes

Secondary
Prevention

Yes (65%) Yes Yes

Completion 2017 2015 2019

Study duration ~6 years duration ~4 years duration Ongoing

Outcome

3-Point
MACE

HR, 0.86 
P=0.02 (for 
superiority)

HR, 0.86 
P=0.04 (for 
superiority)

PENDING

Driving 
Factor

CV Death, Non-fatal 
MI,

Non-fatal Stroke
Reduction in CV Death 

1. Neal B., et al. The new england journal of medicine 2017. DOI: 10.1056/NEJMoa1611925
2. Zinman B, et al. N Engl J Med. 2015; 373(22):2117-2128. 
3. Clinicaltrials.gov  NCT01730534.
4. TIMI Study Group. DECLARE-TIMI 58. Available at: http://www.timi.org/index.php?page=declare-timi-58 accessed 

4/12/17

Comparisons between trials are 
complicated by differences in: 
Populations, Trial designs, Analytic 
approaches and Drug effects.
Comparisons are therefore hazardous, 
subject to bias, and may be confounded 
by multiple uncontrolled factors 

http://www.timi.org/index.php?page=declare-timi-58
http://www.timi.org/index.php?page=declare-timi-58
http://www.timi.org/index.php?page=declare-timi-58
http://www.timi.org/index.php?page=declare-timi-58
http://www.timi.org/index.php?page=declare-timi-58


Summary

CV death

Nonfatal myocardial infarction

Nonfatal stroke

Hospitalization for heart failure

CV death or hospitalization for heart failure

All-cause mortality

Primary cardiovascular outcome

0.87 (0.72-1.06)

0.85 (0.69-1.05)

0.90 (0.71-1.15)

0.67 (0.52-0.87)

0.78 (0.67-0.91)

0.87 (0.74-1.01)

0.86 (0.75-0.97)

Favors
Placebo

Favors
Canagliflozin

Hazard ratio 

(95% CI)

1.00.5 2.0

Intent-to-treat analysis

CANVAS Program



Renal Outcomes Summary

• Canagliflozin compared to placebo

– Induced sustained lowering of albuminuria

– Prevented progression in albuminuria

– Induced regression in albuminuria

– Reduced renal function loss events

• Conclusion

– These data suggest a potential renoprotective 
effect of canagliflozin treatment in patients with 
type 2 diabetes at 
high CV risk on top of ACE/ARBs

CANVAS Program



Approval Timeline(evolution)



Approval Timeline(evolution)



Approval Timeline(evolution)



Approval Timeline(Evolution)

2017

Semaglutide

2018(under approval process)
Sotagliflozin

Oral SGLT 1 & 2 inhibitor for T1DM



Drugs in Pipeline



Drugs in Tank



Newer targets

• uncOCN:

undercarboxylated form of Osteocalcin (uncOCN) :seems to have positive
effects on the metabolic syndrome, including improvement of insulin
resistance, β-cell function and dyslipidemia.

• INDY Gene (‘I’m not dead yet’):

Its deletion mimics aspects of dietary restriction and protects again adiposity
and insulin resistance in mice

• VEGF-B Blocker: 2H10

• ABHD6: α/β hydrolase domain-6: breaks down monoacylglycerol and thus
negatively controls insulin release. Inhibition may help in treating
diabetes.

• FFAR3: β cell short-chain fatty acid receptors



Soon in Market

• Newer drugs



Glargine U-300

• Three-fold more concentrated formulation of 
Glargine

• Reduced volume (1/3) and reduced surface area 
(1/2) of subcutaneous depot

• Slower and more constant rate of absorption

• Gla-300 (Toujeo®) provided sustained glycemic
control with a lower risk of hypoglycemia compared
with Gla-100 (Lantus®)



SGLT 1 & 2 inhibitor (oral type 1 DM)

• Sotagliflozin, dual SGLT-inhibitor currently is in Phase 3
studies.

• The FDA New Drug Application for Sotagliflozin is based
on data from the inTandem clinical trial program which
includes three Phase 3 clinical trials assessing the
safety and efficacy of Sotagliflozin in approximately
3,000 adults with inadequately controlled type 1
diabetes.1–3 The safety and efficacy data have not yet
been evaluated by any regulatory authority.

• The target FDA action date under the Prescription
Drug User Fee Act (PDUFA) is anticipated to be March
22, 2019.



Upcoming GLP-1 agonists



PTP 1B Inhibitors

• PTP 1B (Protein Tyrosine Phosphatase 1B) acts as
a negative regulator for both insulin and leptin
signaling

• Inhibition of PTP 1B could address both Diabetes
and Obesity

• Traditional therapeutics cannot specifically target
PTP 1B

• Anti sense based oligonucleotides inhibit the
expression and activity of PTP 1B gene without
affecting other highly related Tyrosine
Phosphatases



PTP 1B Inhibitors (Target Therapy)



Glucokinase Activators (↑Glucose metabolism)



GPR 119, GPR 40 agonists (↓ food intake)



GPR 119, GPR 40 agonists (↑insulin availability)



Dual PPAR α/γ 
agonists(↓hyperglycemia↓dyslipidemia↓atherosclerosis)



Available Injectable

Insulins
• Rapid acting: Glulisine, Aspart, Lispro

• Short acting: Regular Insulin

• Intermediate acting: NPH

• Long acting (basal): Glargine,, Detemer

• Ultra-long acting (true basal)

GLP-1 analogues: Exenatine, Lixisenatide, Liraglutide



Why Early insulin initiation?    

Insulin

Improves beta-cell function
(reduces glucotoxicity & 
lipotoxicity)

Reverses insulin resistance Improves Quality of Life

Beneficial effects on 
lipids  

Insulin provides 
4 benefits beyond 
glycaemic control



Significant space for innovation within insulin
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1914 1924 1934 1944 1954 20041994198419741964

Eras in the history of 
therapeutic insulin

Moving to mass production

Prolongation of action Prolongation of action

Purification advances Genetically engineered insulin

Delivery devices

Designer insulins 

Insulin science

100 years of lessons

• Insulin has proved to be a difficult molecule to isolate, to purify, 
and to understand

• The major consequence is that we still give it subcutaneously, as 
90 years ago, and we still have no small molecule analogues

• Technologically, the major advances have been in manufacturing 
technology, allowing the production of rapid-acting and long-
acting insulin analogues delivered by easy to use pen-injectors



Earlier onset and peak of biologic activity Lower post-prandial glucose

Shorter duration of action 

Less biologic variability 

Less late prandial hypoglycaemia

Fewer glycaemic fluctuations
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From the normal pancreas

Faster-acting insulin analogues

Rapid-acting insulin analogues

Potential advantages of even faster-acting insulin analogues



Target profiles for new insulin analogues
Mimicking physiological responses

For illustrative purposes only

Action profile of today’s 
modern insulins

Targeted action profiles 
of future insulins

IDegAspart

Idegra



Insulin delivery system



Starts to work immediately
after inhalation,

peaks in about 12mins,
and wanes off by 3 hrs

EXUBERA AFREZZA



Oral Insulin
Oral Insulin Delivery Systems undergoing Clinical Trials



Schematic of the Glucose responsive vesicles(GRV)-containing 
Micro Needle MN-array patch (smart insulin patch) for in vivo 
insulin delivery triggered by a hyperglycemic state to release 
more insulin.

Smart insulins(beyond CGM,CSII)
Basic Principle



Smart insulins(beyond CGM,CSII)

• Smart insulin is defined as a pharmaceutical preparation 
which contains an 

• 1.inbuilt sensor mechanism to assess ambient glycaemia, 
and

• 2.ensures release of insulin based upon this information.

• The duration of action of these nano-networks is 10 days in 
type 1 mice, and has been noted to last up to 14 days in 
some animal subjects.



Bionic Pancreas(not closed loop insulin pump only)



Bionic Pancreas (not closed loop insulin pump 

only)

Bionic/Artificial pancreas:

– Dual-chambered

– Two separate pumps for delivering both insulin and glucagon,

– A continuous glucose monitor (CGM)

– A control algorithm built into an iPhone app.

The bi hormonal "bionic pancreas" continues to perform well in 
clinical trials and could reach the US market by 2018



Islet cell transplantation- two types 

• The two types of pancreatic islet
transplantation are

auto-transplantation -Patients with type 1
diabetes cannot receive pancreatic islet

allo-transplantation -Pancreatic islet allo-
transplantation is performed in type 1
diabetes**Currently experimental (not
approved for therapeutic purpose).



Islet cell transplantation

Pancreatic islet allo-transplantation

 islets from the pancreas of a deceased 
organ donor are purified, processed, 
and transferred into another person.

 Currently experimental (not approved 
for therapeutic purpose).

 Transplant patients typically receive 
two infusions with an average of 
400,000 to 500,000 islets per infusion.

 In most cases, islet cells from several 
different donors are needed.

 The islets are infused, into the portal 
vein.

 Pancreatic islet allo-transplantation is 
performed in type 1 diabetes.



Islet cell transplantation

• Recent data of a 5-yr post transplant follow up:

– Prevent severe hypoglycemia in nearly 90% of the
recipients at five years

– HbA1c levels were ≤ 7% in 84% of patients at 12
months, 70% of patients at 48 months, and 59% of
patients at 60 months after islet transplantation

Diabetes Care. 2015 Sep;38(9):1714-22



Summary

• There is evolution of drug treatment for diabetes
mellitus

• ASCVD safety and Renal safety remain the top
priority of drug selection

• Appreciable changes of insulin molecule and delivery
system has been achieved but we are still in quest of
insulin with physiological profile



Conclusion

• Diabetes and it’s treatment is ever growing
and fast growing subject

• All clinician should remain vigilant and
updated



Message

Control your glucose before it 

takes control over your life

No diabetic should die 
untreated,unfed,unem
ployed even if he is 
poor



THANK YOU


