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 THE ENDOCRINE PANCREAS & DIABETES MELLITUS: “Starvation in the midst of Plenty”

An exocrine gland secretes its product into a gland that then dumps its contents into another organ. Remember an endocrine gland is one that secretes its hormones into the bloodstream.  That hormone then acts at receptors in target organs.

98% of the pancreas is exocrine; the exocrine pancreas is the part that makes bicarbonate and digestive enzymes that squirt into a duct and into the duodenum.

2% is made of the “Islets of Langerhans” which are the endocrine part of the pancreas and essential for regulation of blood glucose levels.

These islets produce:

1. insulin: Hormone of energy storage

2. glucagon: Hormone of energy release

3. somatostatin: Inhibitory to the two above, released in nutrient overload.  



Also made in hypothalamus, remember? 

4. Pancreatic polypeptide & amylin (these also regulate appetite and digestion)

Realize that throughout an entire 24-hour period, even if you have a feast of candy bars and Pepsi, or eat nothing at all, your blood glucose level normally remains relatively constant between 80-100 mg/dl.  All.  The.  Time.  This takes a tremendous amount of coordination between the many systems regulating blood sugar levels in your body. Main Hormones that have some effect on your blood sugar include:

Increase Blood Glucose: 
Glucagon







Epinephrine





Thyroxine (T3/T4)





Cortisol





Growth hormone (GH)

Decrease Blood Glucose: 
Insulin

Only one hormone reduces blood sugar because your brain and body must have glucose or you pass out (and are eaten by a lion).  Lots of hormones work to increase blood sugar so you avoid being lion breakfast. 

The way insulin and glucagons are regulated is fairly complex, but it is easiest to talk about them and their relationship with blood glucose levels.  

When your blood sugar is LOW, glucagon promotes 1) the breakdown of fats, 2) the conversion of proteins into glucose (via gluconeogenesis) and 3) the breakdown of glycogen stored in the liver into glucose (glycogenolysis) to bring your blood sugar level back up.

When your blood sugar is HIGH, insulin is released and brings the level down by facilitating 1) sugar uptake by cells, 2) storage of sugar into glycogen (glycogenesis), and 3) storage of fat and protein.  Thus, insulin makes you gain weight.  

Now for the most important part:   Most tissues in the body cannot use glucose without the help of insulin.  Special insulin receptors in skeletal muscle, fat and the heart allow glucose entry into cells. 

So realize that you ALWAYS have to have SOME insulin level in your body.  Even when you are not eating, and glucagon is helping your body make sugar, you still need some insulin so that the glucose being made can get into your heart and muscle cells.

In fact, it turns out the ratio of Insulin and Glucagon are really what is important, not the actual amounts of each hormone.

Diabetes Mellitus (DM). 26 million patients in the US, 1/3 of whom are undiagnosed. The words actually mean “Sweet Urine”. This is a symptom of the disease, caused by the loss of glucose into the urine and therefore “sweet-tasting” urine.

There are four main types of DM, of which you need to know two for the purposes of this class:

1) Type 1/Juvenile Type Diabetes (5-10%) aka IDDM (insulin dependent diabetes): Destruction or loss of the cells that make insulin.  Usually starts before age 30.  Must treat with insulin. 

2) Type 2/Adult-Type Diabetes (90-95%) aka NIDDM (non-insulin dependent diabetes):: Usually related to obesity,  the cells of the body have lost their responsiveness to insulin (fewer receptors), and there is a relative deficiency in insulin.

3) Gestational Diabetes (2-5% pregnant women): Any abnormality in glucose levels first diagnosed in pregnancy.  Usually goes away after pregnancy but increased risk of Type 2 DM later in life.  Treatment is controversial: start with diet and weight lcontrol, then insulin and then oral drugs .

4) Drug-Induced Diabetes:  Increased glucose levels related to drugs such as prednisone or more rarely high dose thiazides or beta-blockers.  This is usually cured by discontinuing the drug.

Type 1 vs Type 2 Diabetes

	Variable
	Type 1 IDDM
	Type 2 NIDDM

	Age at Onset 
	usually <30 years
	usually >30 (although more children now with higher obesity rates)

	Insulin Production
	None
	Present, but inadequate and goes down with time.

	Onset
	Rapid
	Slow, insidious

	Symptoms
	polydipsia/polyuria

weight loss, blurred vision
	often no symptoms 

otherwise similar symptoms 

	Weight
	usually thin
	usually obese

	Ketoacidosis
	common
	rarely

	Genetics
	No overwhelming predisposition
	Strong predisposition

	Cause
	virus?  autoimmune?
	Obesity

	Meal planning and exercise
	Imperative
	Imperative

	Medication
	Insulin.  Always.
	See table 2.  possibly none (diet and weight loss), oral meds or injectible incretins, or insulin…


Diagnosis of diabetes: fasting blood glucose > 126 mg/dL (normal is 70-100 mg/dL)




random  or 2-hours after glucose challenge: blood >200 mg/dL




Glycosylated hemoglobin (HbA1c) >6.5% (normal is <6%)

(with time, sugars get stuck to hemoglobin and the amount of sugar tells you how high the sugars have been over the preceding month or two)

Every 1% drop in HbA1c in a patient = 35% drop in risk of blindness/kidney failure/amputation

HOW YOU DIE FROM DIABETES MELLITUS:
The fast way: Diabetic ketoacidosis (DKA).  Blood glucose levels get higher and higher and glucose spills into the urine, and acts like an osmotic diuretic, pulling fluid from the body.  The patient starts urinating constantly (polyuria) and to make up for it they drink water constantly (polydipsia).  Since fat, muscle and heart cannot get glucose without insulin, they start breaking down fats and proteins to get glucose, and a byproduct of fat breakdown is acetone, which decreases blood pH causing “ketosis”.  [Note:  this is a great example of a metabolic acidosis; that is, a drop in the pH of the blood that is not due to altered breathing.] The patient continues to get dehydrated, and their electrolytes (potassium, right?) get unbalanced, leading to cardiovascular depression, shock coma and death.   These patients are admitted to the ICU for intensive monitoring, because insulin will cause a huge drop in potassium which can be life threatening.

The slow way: chronic complications mostly due to changes in small capillaries in the eyes (blindness), kidneys (kidney failure and go on dialysis), peripheral nerves like in the toes and feet (leading to amputations), heart (leading to MI), skin (leading to non-healing ulcers), etc.  The decreased ability to heal (due to poor vascularity) increases susceptibility to infections.

Type 2 diabetes usually lasts for years before diagnosis, hidden by hyperinsulinemia. 

How we treat DM: diet, exercise, sugar monitoring 

For Type 1 Diabetics: you HAVE to give them insulin.  Also, patients must stick to a constant schedule of eating and administration of insulin in order to avoid ketosis or hypoglycemia.
For Type 2 Diabetics: diet, exercise, and try to keep glucose 100-140 mg/dL

1. Increase the secretion of insulin from residual islets (sulfonylureas and similar secretagogues)

2. Inhibit the absorption of glucose (alpha-glucosidase inhibitor)
3. Inhibit extra glucose production in the liver (biguanides)

4. Insulin-sensitizers (thiazolidinediones)

5. Inhibit the production of glucagon (DPP-IV and GLP-1) 

[image: image2.emf]6. And in bad cases, give extra insulin to blast their body with the hormone.

Avoid hypoglycemia (dangerously low blood sugar, <70mg/dL).  

Hypoglycemia especially occurs with insulin and the secretagogues.  

Hypoglycemia can cause MI in susceptible patients, and a loss of consciousness can be complicated with injury or death.  

Treat hypoglycemia with glucose pills, sugary foods/drinks, glucagon injection or I.V. Dextrose.   Recovery takes only a few minutes.

INSULIN

Insulin promotes glucose transport into tissues, potassium (K+) uptake into muscles, incorporation of amino acids into proteins and suppresses the release of fatty acids from fat. Insulin is a protein, so it has to be injected either IV, IM, SQ or inhaled.  The most common form of administration is subcutaneous (SQ).  The different formulations vary the most by their duration of action

[image: image3.emf]Usually patients take some combination of a long-acting insulin and a short-acting form.  The short-acting form takes care of the peaks in blood glucose after meals, and the long-acting form takes care of the baseline levels.  This mimics what happens in your body naturally.

Patient survival and morbidity after hospitalization (and just generally in life) appears to be directly related to tight glucose control, so careful blood glucose monitoring and insulin dosing is becoming more and more important. 

[image: image1.jpg]Nommal Theee or four
i
@
it
i
o mo R AR g
T tw fo s =
Omcn
per day
Isuln Insulin
e by REG  REG  REG
Tom  tw to = =
e Insiin pump
perday
BOLUS
L T —
i
o oo | e mea





To most closely mimic the normal functioning of insulin, use a long-acting insulin to mimic basal insulin secretion, and a short-acting agent to cover meals.

SOME COMMON INSULIN FORMULATIONS

	Insulin

Form
	Timing of Action
	Onset 
	Peak effect
	Duration
	Looks
	Notes

	afrezza
	Short duration, Rapid-acting
	15-30 min
	1h 
	3h
	N/A
	Inhaled (DPI) – can worsen COPD

	
	
	
	
	
	
	

	aspart
(others include lispro and glulisine)
	Short duration, Rapid-acting
	15-30 min
	1-3h
	3-6h
	clear
	SQ IV

	regular 
	moderate duration, Slower-acting
	30-60 min
	1-5h
	6-10h
	clear
	IM IV SQ Mixes with other forms

	NPH
	Intermediate
	1-2 h
	6-14h
	16-24
	cloudy
	SQ

	glargine (Lantus) 
	Long
	1-2 h
	none
	18-24
	clear
	SQ Cannot mix with other forms  of  insulin!  Supposedly gives constant level lasting 24 hours
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Figure 41-5. Extent and duration of action of various types of insulin as indicated by the glucose

infusion rates (mg/kg/min) required to maintain a constant glucose concentration. The durations

of action shown are typical of an average dose of 0.2-0.3 U/kg; with the exception of insulin lispro,
aspart, and glulisine, duration increases considerably when dosage is increased.



Dosing: Most insulins come as 100 units/cc:  “U-100” 

Cloudy (NPH) preparations are gently rolled before dispensing.

Mixes (like 70% NPH/30% regular) makes dosing easier for patients

Actual dose depends on patient.  Usually ranges 0.5-1.0 unit/kg/day, and doses can be spread out over the day.

Most commonly administer subcutaneously via syringe, insulin pens or pumps.  Never inject over infection. 
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Figure 2. Suggested Goals for Glycemic Treatment in Patients with Type 2
Diabetes.




Speed of absorption: 

  abdomen>arm>thigh>buttock

Patients monitor their own blood glucose levels several times a day.  

Somogyi  Effect (due to hypoglycemia in the middle of the night causing glucose release from the liver) & the Dawn Effect (due to normal pre-dawn cortisol release):  Can give deceptively high glucose readings first thing in the morning.

Side effects of insulin:

1. Hypoglycemia: a blood glucose level that is too low (<50-60mg/dl), from overdose of insulin or too little food intake. Symptoms: nausea, headache, hunger, sweats, tremor.  Some diabetics have a blunted response to hypoglycemia and may just faint.

Patients must be educated about what insulin does and how it is related to what the patient eats.  When hypoglycemic they can take sugar tablets or drink fruit juice or ginger ale to increase their blood sugar quickly.  In emergency room they can have injection of glucagon.

2. Lipodystrophy: A loss of subcutaneous fat at the site where they inject their insulin (usually stomach, leg or arm.  Teach patients to rotate the site where they inject. 

Side Effects cont’d:

3. Hypokalemia: Insulin also drives potassium into cells and out of the bloodstream.  Usually this is a manageable problem, but in a very sick patient, insulin can drive their potassium over the edge and into dangerous levels. 

4.  Others:  Weight gain, fluid retention

What about allergy? All insulins in the US are available in recombinant human form so insulin allergy is uncommon these days (it used to come from pigs).  The different preparations vary by only a few amino acids, and so allergy is usually due to some other molecule in the solution, like a preservative.

SOME ORAL DRUGS FOR TYPE 2 DIABETES

1. SECRETAGOGUES Secretagogues increase insulin production by the patient’s pancreas.  They do not work for type 1 diabetics because those patients have no insulin to increase.

	Secretagogues

	
	Sulfonylurea Secretagogues
	Nonsulfonylurea Secretagogues

(meglitinides)       (phenylalanine

                                derivatives)

	
	1st Generation
	2nd Generation
	

	Example drugs
	tolbutamide

tolazamide

chlorpropamide 
	glyburide

glipazide

glimepiride
	repaglinide (Prandin)
	nateglinide

(Starlix)

	PO Dosing Frequency 
	1-3/day
	1-2/day
	2-4/day
	2-4/day

	How they work
	Not fully understood: Acts on K+ channels to stimulate insulin secretion by pancreas cells.

Increase sensitivity of body to insulin. 
	Same, but more potent than 1st generation (lower dose needed)
	Acts like sulfonyl urea but faster-acting
	Stimulates very early insulin release

	Onset &Duration of action
	Varies 1-4 h

Lasts 12-24 h

Except chlorpropamide, lasts 3-5 days!!
	Varies 1-4 h

Lasts 12-24 h
	Faster onset (20 min) so use before meals
	Take ten minutes before each meal

	Other notes
	Chlorpropamide: active metabolite excretion, don’t use in kidney failure
	Don’t use Glyburide in kidney failure patients
	
	

	Side Effects
	Hypoglycemia, weight gain



2-4. OTHER COMMON ORAL DRUG CLASSES for TYPE 2 DIABETES

	CLASS
	1. BIGUANIDES
	2. ALPHA-GLUCOSIDASE INHIBITORS
	3.Thiazolinediones

(TZDs)

	Example
	Metformin (Glucophage)
First-line treatment for a new T2DM patient 
(2015 guidelines)
	acarbose  (Precose)
miglitol  (Glyset)
	pioglitazone

(Actos)
rosiglitazone (Avandia)


	How they work
	Inhibits glucose production by the liver and stimulates glucose uptake by tissues;  increases insulin sensitivity
	Slows carb. digestion, decrease blood glucose levels after eating; allows pancreas to “catch up”.


	Increase insulin receptor sensitivity in muscle, fat and liver. 

	Side Effects
	Mild GI complaints

Avoid in kidney patients

(4/2016: FDA announced okay if only mild kidney failure)

May prevent T2DM in younger or very obese patients

Rarely: lactic acidosis, more common in patients with kidney failure, often fatal.
	Diarrhea, flatulence

Watch liver enzymes (LFTs) with Acarbose


	Can precipitate CHF due to fluid retention in kidney
Have to watch LFTs
Can cause ovulation in patients who were anovulatory or on birth control!

	Notes
	Usually does NOT cause hypoglycemia
	Good to use with other drugs, not great by itself
	Takes a few months to reach maximal effect


Newer drugs used for Type 2 Diabetes include drugs that increase glucose excretion like Invokana.  

There are also several drugs that mimic amylin and incretins.    These reduce appetite, reduce glucagon secretion and delay gastric emptying and cause you to “feel full”.
SGLT-2 Inhibitors like canagliflozin (Invokana) - PO

work by inhibiting a Sodium-GLucose Transporter in the kidney, thus causing loss of more sugar into the urine.  

Causes diuresis and higher urine concentration of sugar. Some reports of weight loss.

Risks: dehydration (why?), yeast infections (why?), bone fractures

AMYLINOMIMETICS - injectibles


amylin is a natural compound which reduces postprandial glucagon secretion.  


pramlintide (Symlin) is an amylin analog given SQ.  Cannot be mixed with insulin

INCRETINS – naturally secreted by bowel: slows stomach emptying, increases insulin, decreases glucagon and reduces appetite
        1. GLP-1 (Glucagon-Like Peptide-1) drugs
exenatide (Byetta): a injection pen with 60 doses given before meals



GLP-1-like molecule originally isolated in lizard spit. Ha!


approved for use as adjunct to other oral diabetic drugs.



associated with pancreatitis

liraglutide (Victoza): longer-acting form

        2. DPP-4 Inhibitors (Dipeptidyl Peptidase IV) drugs - PO

inhibitors of the enzyme that breaks down incretins (so increases incretins)

      which increases insulin release



sitagliptin (Januvia) 



2015 FDA warning: DPP-4Is cause joint pain.

Remember using any two drugs that affect the same body system can cause synergism.  So drugs that might not cause hypoglycemia on their own might do so when combined with other drugs.

OTHER DRUGS COMMONLY USED IN DIABETES:


ACE Inhibitors:  have a protective effect for the kidneys


(Black patients of African or Caribbean descent: add a CCB or HCTZ to the ACEI)


bile acid sequestrants:  reduce liver production of glucose and LDL

ALSO BE AWARE of drugs that should be used with caution in diabetics:


beta blockers (like propranolol) reduce the patient’s ability to detect hypoglycemia

drugs that increase blood glucose levels: thiazide diuretics, glucocorticoids
niacin: increases insulin resistance
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