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PPP

� Pharmacological properties

� Practical tips

� Pitfall
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Classification of OHA

� Insulin secretalogues

� Insulin sensitizers

� Others 
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Classification of OHA

� Insulin secretalogues e.g. Diamicron

� Insulin sensitizers e.g. Metformin

� Others e.g. Acarbose
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Breakthrough in DM Drug Development



Insulin 
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Breakthrough in DM Drug Development



Discovery of insulin 

� DM

◦ lethal disease before discovery of insulin 19th century

◦ Strict diet

◦ Eventually died few years later with starvation

� Deceased DM patient have damaged pancreas
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� 1869 German student 

◦ Paul Langerhans

◦ pancreas secrete digestive juices

� clusters of cells of unknown function

� later shown insulin-producing beta cells 

� named ‘islet cells of Langerhans’
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� In 1889 Germany 
� Physiologists
◦ Oskar Minkowski

� Physician
◦ Joseph von Mering

� 1) Removal of pancreas from a dog
◦ diabetes

� 2) Ligation of the duct 
◦ pancreatic juices couldn't reach the intestine
◦ developed minor digestive problems
◦ but no diabetes
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Pancreas 

� 1890

� At least two functions

◦ To produce:

� digestive juices

� a substance that regulates the sugar glucose
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Development was slow until 1921…

� Toronto, Canada

� Dr Frederick Banting, surgeon 

◦ Ligate the pancreatic duct to shrink the cells that 
produce digestive juices

◦ then can extract those cells with anti-diabetic 
function without harming the pancreas

� Professor John Macleod at the University of 
Toronto

◦ a leading figure in the study of diabetes in Canada 
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Experiments on 10 dogs

� Lab with basic equipment

� 10 dogs

� 1 Medical student, Charles Best
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Charles & Best

� Remove the pancreas from a dog

◦ blood sugar rose

◦ became thirsty, drank lots of water, and 
urinated more often (polyuria, polydipsia)

◦ became weaker and weaker
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Charles & Best

� another dog

◦ Surgically ligated the pancreas

◦ stopping the flow of nourishment, so that the 
pancreas degenerated

◦ removed the pancreas, sliced it up, and froze 
the pieces in a mixture of water and salts 

◦ half frozen, ground up and filtered

◦ = isolated substance was named "isletin."
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Who was the first patient receiving insulin?   





Extension of tests 

� ox
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Biochemist Bertram Collip

� purify the insulin 

� clean enough for testing on humans

26



Testing on humans?

� Banting and Best inject extract to themselves

◦ Weak

◦ Still okay

� Titrate dosage of isletin and glucose

� Treated with glucose -orange juice and honey
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volunteer

� January 1922 in Toronto, Canada

� 14-year-old boy, Leonard Thompson

◦ first person with diabetes to receive insulin 

◦ near death

◦ rapidly regained his strength and appetite 
after injection 

◦ more and more volunteers 

◦ Dying DKA children, comatose patients

� Awaken!
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Polonsky KS. N Engl J Med 2012;367:1332-1340.

Effects of Insulin Therapy.



Nobel prize 1923

• Banting & Macleod 



Insulin therapy – key developments

B

1920s 

Discovery of insulin and insulin replacement therapy

1923

Lilly marketed insulin derived from crude extracts of the 
pancreas gland of pigs and cows

1982

Genetically engineered human insulin developed

1995

First rapid-acting insulin analogue (lispro) developed

Today

There are many different insulins available, with a range 
of time-action profiles

http://www.trumanlibrary.org/histday/insulin/eli-lilly-and-company.html.  Accessed Nov 7 2011.

http://www.nobelprize.org/educational/medicine/insulin/discovery-insulin.html. Accessed Nov 7 2011.



Terms 

� HM =  produced through biotech

◦ Actrapid HM – human insulin 

� MC = insulin is of animal origin
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ACTRAPID

ACT RAPID

- NOT RAPID ENOUGH 

- NOT SLOW ENOUGH 
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Intermediate acting insulin 

� NPH (neutral protamine Hagedorn) insulin, 
also known as isophane insulin

� Hans Christian Hagedorn mixed insulin with a basic protein

◦ iso-electric point closer to the neutral pH and prolong its action 

� Protamine

◦ derived from semen of rainbow trout

� Later on, addition of zinc led to a stable compound with a 
prolonged duration of action 



Glargine 

Chemistry 

Modifies the isoelectric point 
of the protein

� decreases solubility at 

physiologic pH

�precipitates in the 
subcutaneous tissue 

�delays the absorption

Profile 

• Flatter PK/PD profile

• Longer duration

• Less variability
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Insulin forms

• Hexamers are composed of 6 monomers

– storage form in the β-cell (high concentration)

• Monomers

– Insulin active form, circulates in the blood and binds to the target 
cell receptor

Target cell 
β-cells 

Bilous R & Donnelly R. 

Handbook of Diabetes. 

Wiley-Blackwell 4th ed.



Toujeo (lantus 300u/ml)

Degludec (long levemir) 30-90mins                minimal                       42hours

actrapid

protaphane

Mixtard 70/30
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Meal time insulin

Followed by meal within 30 mins

Followed by meal within 30 mins

Not available (ultratard)

Before sleep

Any time

Meal time insulin



Side effect of Insulin

� Endocrine
◦ Hypoglycemia , weight gain

� Ocular
◦ bilateral presyopia

◦ due to changes in the 
osmotic equilibrium 
between the lens and the 
ocular fluids, and is usually 
self-limited

� Dermatology
◦ lipohypertrophy

� Immulogic
◦ Antibodies

� Cardivascular
◦ Atherogenic

◦ HT

◦ increase HR due to 
hypoglycemia

41



Inhaled Insulin

� A rapid-acting insulin 

◦ administered prior to meals or within 20 
minutes of starting a meal 

� Not a substitute for long-acting insulin

� Must be used in combination with long-
acting insulin in type 1 DM
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Inhaled insulin

� Not recommended for

◦ tx of DKA or in smokers or who have chronic 
lung disease 

� ? Risk of lung cancer

◦ Greater lung exposure to inhaled insulin than 
injection

◦ Increased insulin receptor expression and 
sensitivity to insulin’s mitogenic effect over that of 
normal bronchial epithelium
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Practical tips

� Insulin 

◦ Type 1, GDM

◦ Type 2, Failed OHA

� Combination therapy  

� Stop SU if total daily dose >30units

� Continue insulin sensitizer

� Stop TZD/ DDPIV-I if A1c not able to improve to <8% in 6-8 
months
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Practical tips

� Adjust long acting insulin 

◦ Fasting h’stix

� Adjust short acting insulin 

◦ Post prandial insulin 
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Breakthrough in DM Drug Development



Insulin secretalogues
Sulphonylurea

Non-sulphonylurea- metiglinide
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� Sulphonylurea

◦ Tolbutamide

◦ Minidiab – glipizide 

◦ Diamicron - gliclazide

◦ Diamicron MR

◦ Daonil - glibenclamide

◦ Amaryl – glimepiride
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Sulphonylurea discovery

� Accidental 

� 1942, WWII

� Food shortage

� eat raw food or contaminated food

� Infectious disease clinic of Medical School in 
Montpellier, France

� French physician, Janbon
� Sulphonamide – to treat typhoid fever

� Hypoglycemia with seizure, even coma
� Especially in undernourished patient
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Janbon

� Give Sulphonamide to

◦ Normal dog

� Hypoglycemia

◦ Dog with pancreatectomy

� No hypoglycemia

� Perfuse Sulphonamide to the pancreas of 
normal dog

◦ Hypoglycemia
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Sulphonylurea

� Major target of the sulphonamide

� Causing release of insulin 

� Sulphonylurea was developed based on 
this finding 

� In 1956, the first sulfonylurea, tolbutamide, 
was introduced commercially in Germany
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increase insulin release to lower glucose -
HYPOGLYCEMIA

�
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Sulphonylureas

� Expected GLYCEMIC effects

◦ HbA1c � ↓ 1 – 2 %

◦ Fasting plasma glucose � ↓ 2 – 4 mmol/l

◦ Onset of effect � Rapid, usually evident on first 
day of treatment

◦ Near-maximal effect of single dose � usually 2 
weeks



Non-sulphonylurea - metiglinide

� Novonorm – repaglinide

� Glufast – mitiglinide

� Netiglinide - starlix

◦ Non sulphnylurea D-phenylanine derivatives

◦ Short acting agent that stimulates pancreatic 
insulin release

◦ Take with each meal “one meal one dose, no meal 
no dose”, lower postprandial glucose
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Practical tips

� SU + meglitinide same downstream 
mechanism

◦ Theoretically no beneficial effect of 
combination

� Cause of hypoglycemia

� Combination with insulin / insulin 
sensitizers

� Stop if TTD of insulin >30 units 
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Breakthrough in DM Drug Development



Insulin sensitizer
Biguanides

Metformin
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Biguanides

� Marketed since 1979 in France

� Metformin 

� Phenformin – banned 
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� 17th century

� Herbal medicine

� Extract from leaves of

◦ Goat’s rue 山羊豆,美洲灰葉

� Treat fever, plague and diabetes
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�
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In 1920, Slotta and Tschesche
discovered its sugar-lowering action 
in rabbits
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In 1950…

� Garcia, ID specialist in Philippines

� Use Flumamine to treat influenza 

◦ Fever and headache subsided after single dose

◦ Similar structure as polymethylene diguanides

◦ May be used to treat malaria as glucose              
lowering properties

63bacteriostatic, antiviral, antimalarial, antipyretic and analgesic action



extract from goat’s rue
山羊豆,美洲灰葉
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� Jean Sterne, specialist in diabetes

� antihyperglycemic properties of galegine, an 
alkaloid isolated from Goat’s Rue



France

� Spotting Garcia’s comment

◦ flumamine reduced blood sugar concentration 

� 1957

◦ Sterne selected dimethyl-biguanide
(metformin) for clinical development  

◦ name ‘Glucophage’ (glucose eater) 
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Phenformin

� 1977 banned by FDA
� Severe lactic acidosis

� 2008 still legally available in Italy, Brazil, 
Uruguay, China, Poland, Greece and 
Portugal

� Now, herbal medicine/ OTC containing 
phenformin

� 2000, FDA recalled 5 Chinese herbal 
products 
◦ glyburide and phenformin
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Antihyperglycemic – improve insulin 
sensitivity  
X hypoglycemia

68



IDF global guideline for T2DM 2005

� Glucose control:  Oral therapy

� Begins with Metformin

� Unless evidence or risk of renal 
impairment

� isolated case of lactic acidosis
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• New recommendation is made on the use of metformin at the time of or 

before an iodinated contrast imaging procedure:

• CRC was consulted and responded positively to 2018 recommendation, 

views would also be sought from COC(Rad) & COC(Med) 

• Members are invited to advise in accordance with the change

3. Update on the Use of Metformin at the Time of or 

Before an Iodinated Contrast Imaging Procedure

2016 FDA warnings (DH issued letter 

in regard to this warning)

2018 American College of Radiology 

Manual on Contrast Media

Discontinue metformin at the time of or 

before an iodinated contrast imaging 

procedure in patients with 

1. eGFR 30-60

2. History of liver diseases, alcoholism, 

or heart failure

3. Intra-arterial contrast

In patients with no evidence of AKI and 

with eGFR ≥30 mL/min/1.73m2, 

there is no need to discontinue 

metformin

Metformin
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Metformin

� Metformin ↔ lactic acidosis
◦ Estimated risk: 1 in 30,000 patient-years

� *Beware of impaired renal function 
(British recommendation � stop if serum 
Cr > 150 µµµµmol/L)



Practical tips

� Metformin

◦ For all T2DM patients 

◦ Won’t cause hypoglycemia

◦ Cautious in renal impairment and liver impairment

◦ GI upset

� Step up approach
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Breakthrough in DM Drug Development



Alpha-glucosidase inhibitor
Acarbose (Glucobay拜糖平)
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Alpha-glucosidase inhibitor
� Acarbose (Glucobay拜糖平)
� weak
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Practical tips

� Take with meal

� GI side effect

◦ GI upset, flatulence

� Hypoglycemia

◦ Relieved with food containing monosaccharides

◦ Glucose tablet, candy

� Not suitable in inflammatory bowel disease , 
chronic renal failure, history of intestinal 
obstruction 
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Breakthrough in DM Drug Development



Insulin sensitizers
Thiazolidinedione
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Thiazolidinedione

� Glitazones

◦ Dione

� Rosiglitazone (Avandia) 安糖健
� Pioglitazone (Actos)愛妥糖

� Reduce insulin resistance

� Reduce FFA
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Discovery 

� Japanese 

� 1980s 

� Takeda

� Fibrate, lipid lowering drug

� Hypolipidemic and hypoglycemic in mice

� Incidental finding of activating PPAR-γ to 
lower glucose level
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� Japan Takeda: Ciglitazone - animal studies, 
weak, never market

� USA 1997: Troglitazone first marketed

◦ withdrawn in 2000 due to liver injury

� UK 1983, (1997 FDA): rosiglitazone

◦ AMI & cardiovascular death 

� Japan Takeda (1997 FDA): pioglitazone 
Actos
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Peroxisome Proliferation-Activated
Receptors (PPARs)

Tissue

expression

profile

Isoforms

Pharmacological

activators

PPARαααα

Liver, kidney,

skeletal, muscle,

brown adipose

tissue

αααα

Fibrates,

hypolipidemics

PPARδδδδ

Ubiquitous

δδδδ

PPARγγγγ

Adipose tissues,

skeletal muscle, heart,

liver, kidney, gut,

macrophages,

vascular smooth

muscle cells (VSMCs)

γγγγ1, γγγγ2

Thiazolidinediones

Salt iel  AR et  al, Diabetes 1996.
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Practical tips

� No hypoglycemia

� Pioglitazone

◦ ? CA bladder

◦ Osteoporosis
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Breakthrough in DM Drug Development



GLP-1 and DPP4I 

� GLP-1

◦ Glucagon-like-peptide-1-agonist

� DPP4 Inhibitors

◦ Dipeptidyl peptidase-4 inhibitors
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GLP1

� Circulating level of intact of GLP1 
decreases rapidly because of enzymatic 
inactivation (mainly DPP I V) and renal 
clearance

� Short half-life of ~2 minutes only
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GLP-1

� Gila Monster美國毒蜥
� Venomous lizard

� Feed 4 times / year
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� Four potentially lethal toxins and many 
bioactive peptides in saliva
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� Exendin-4 

◦ = action with GLP-1 

� 2005

◦ Exenatide
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GLP-1 RAs: Dosing

Drug Initial Titrate Max Dose Adjustments

Exenatide IR 
(Byetta®)

5 mcg BD within 
60 mins of a meal 
(> 6H between 
doses)

↑ to 10 mcg bd 
after 1 month

10 mcg bd
Renal impairment: CrCl 30-50 mL/min: 

use caution; CrCl < 30 mL/min not 

recommended

Hepatic impairment: not studied

Exenatide ER 
(Bydureon®)

2 mg once 
weekly

N/A
2 mg once 
weekly

Liraglutide 
(Victoza®)

0.6 mg qd x 1/52 1.2 mg qd 1.8 mg qd
Renal & hepatic impairment: use caution 
– limited experience

Lixisenatide
(Lyxumia®) 10 mcg qd x 2/52 20 mcg qd 20 mcg qd Renal impairment: use caution 

Albiglutide 
(Tanzeum®)

30 mg once 
weekly

50 mg once 
weekly 

50 mg once 
weekly

Renal impairment: use caution when 

initiating or escalating doses

Hepatic impairment: not studied, unlikely 

required

Dulaglutide 
(Trulicity®)

0.75 mg once 
weekly

1.5 mg once 
weekly

1.5 mg once 
weekly

Renal impairment: use caution when 

initiating or escalating doses

Hepatic impairment: use with caution



DPP IV- I

� Sitagliptin (Januvia健諾胰) – daily
� Alogliptin - daily

� Vildagliptin (Galvus佳維樂) - bd
� Saxagliptin (Onglyza) - daily

� Linagliptin (Tradjenta) – daily
� not renal excreted, safe in renal failure patient
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� Incretin mimetic (exenatide / liraglutide)

◦ Reduces HbA1c: 1-2%

� Incretin enhancers (sitagliptin/ vildagliptin)

◦ Reduces HbA1c: 0.5-1% (mono-or combination 
therapy)
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� Price
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Breakthrough in DM Drug Development



SGLT2 

� sodium/glucose cotransporter 2

◦ Reduce glucose reabsorption

◦ Increase glucose excretion

� 糖尿
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SGLT2

� Dapagliflozin (Forxiga) 

� Canagliflozin

� Ipragliflozin

� Tofogliflozin - japan

� Empagliflozin (Jardiance)
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Side effect

� UTI

� Candida vulvovaginitis

� Hypoglycemia

� Euglycemic DKA

� Fournier gangrene

� Lower limb amputation 
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Why DKA?
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SGLT2 inhibitors
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My choice 
� Metformin

� Pioglitazone

� GLP1 receptor agonist
◦ e.g. Victoza

� SGLT2 inhibitor 
◦ e.g. Empagliflozin

� DPPIVI
◦ e.g. Sitagliptin

� SU 
◦ e.g. Diamicron

� Insulin 
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Conclusion 

There is no such thing 
as ‘The BEST DRUG’, 
but only ‘The 
SUITABLE  DRUG’


