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I. DM

A. Drugs which are used to increase release of insulin in a DM patient don’t work if there’s no insulin, so you have to give insulin directly

B. Normal type 1 DM is young

C. Normal type 2 DM is adult onset, obese patient, because of obesity not as sensitive to the insulin

D. Non insulin dependent DM (NIDDM):  diet is a good first treatment

II. Insulin

A. Structure

1. Made as a prohormone

2. Cleaved at two insulin bridges, enzyme insulinas cleaves these two bridges, destroys affinity for the insulin receptors

3. Pig, cow, human have small differences, just like 3 aa differences

4. Giving insulin from animal source, what’s the problem with insulin or any hormone from an animal, get an immune response

5. now get purified recombinant, gene into bacteria, pumps out lots of protein, then purified, in this case, its human insulin, but made by a bacteria

B. Secretion

1. Glucose transporters, pump in glucose

2. Metabolized by kreb’s cycle, generate ATP, potassium channels are sensitive to ATP, close potassiums, depolarizes, there are both independent calcium channels, not to unlike regular synaptic transmissions, calcium comes in, then you get exocytotic release of insulin, so one way of modulating release, is by modulating the potassium channels, so if have something to block the potassium channels, can increase release of insulin

3. dizoxide, hypertensive release, causes dilation of smooth muscle to lower the blood pressure, opens the potassium channels, give that drug it opens the potassium channels, it keeps opens the potassium channels, so the muscle doesn’t contract, the blood vessels don’t vasoconstrict

4. Sulfonylurea drugs interact this mechanism by inhibiting the potassium channel, so insulin secreted

C. Insulin metabolism

1. All is free unbound

2. Endogenous insulin not metabolized quite the same as exogenous

3. How does insulin signal and cause its changes, prolactin receptors, growth hormone receptors, get dimerization of two insulin receptors, get autophosphorylation, then phosphorylation of various substrates, it has tyrosine kinase, that’s its signal, that’s important

4. So when get cascade of signaling molecules, what is one of the effects, what’s insulin going to do to glucose, how will decrease glucose levels, think about how glucose gets into the cells, through the GLUT channels, it increases insertion of more of these GLUT channels into the cell membrane, in order for the cell to uptake more glucose

5. GLUT4 is insulin mediated, in fat and muscle, the other tissues do not have insulin mediated uptake of glucose, such as brain and RBC and kidney

D. Overall effect:  Trying to store energy, anabolic, increases glycogen synthesis, storing glucose, also in the muscle, increases protein synthesis, so its building up the store of protein, of triglycerides, of glycogen, at the same time, its inhibiting the processes of breakdown of glycogen like glycogenolysis, ketogenesis, these processes are inhibited, so at the other time, you are getting storage of protein or energy

E. Deficiency

1. Mild

a. Polyurea:  glucose osmotic effect in urine

b. Polydipsia:  thirsty because volume depleted from urine

c. Polyphagic: hungry because no glucose in tissues

2. Moderate

3. Severe:  ketoacidosis: if body can’t burn glucose and glycogen, it turns to the next source, fat breaking down into ketone bodies, getting acidosis, cure for this is give insulin

F. Insulin Preparation

1. Some from animal sources, particularly pork

2. Differences:  source, purity (most are pure), concentration, time of onset and duration of onset (biggest difference)

3. Why might they need different types of insulin, because insulin levels are not flat all throughout the day, after a meal they are really high, then in between meals there is some basal level of insulin, so with a meal you will have something with a rapid onset, often these are given a half hour before meals, and then between meals you need something long acting, that’s why they come out with insulin boluses, with sort of sustained low level activity during the fasting state

4. Insulin lispro:  ultrashort acting, modify some amino acids, so that with regular insulin, you purify and get dimerization of molecules, absorbed as monomer form, mutated some aa so less likely to stick together and absorbed very quickly, stays as a monomer, so absorbed very quickly

5. Regular insulin: rapid onset

6. NPH or lente insulin: various molecules combined with them to decrease absorption, neutral protamine hagedorn (NPH), which is just a protein that the insulin binds to, in order to get release of insulin, must breakdown this protamine, from rainbow trout sperm

7. Lente

a. Semilente:  semisoluble amorphous precipitate, of insulin and zinc, it looks cloudy, can only give subcutaneous

b. ultralente:  crystal of zinc, slower to dissolve, longer acting

8. Long acting

a. Ultralente

b. Glargine:  peakless, no peaks, just nice long steady state, so will decrease its absorption when becomes an insoluble precipitate in solution, increasing its length of action

9. IV:  has to be clear, a solution, such as ultra short (lispro) and regular, but the other ones are all turbid suspensions, must be injected subcutaneous, in ketoacidosis need to get insulin in quick and would inject

G. Mixtures

1. Regular and NPH: regular for meals, NPH for between meals

2. regular insulin is not mixed with lente, because zinc will bind to regular and precipitate it, decreasing its absorption

3. Insulin lispro can be mixed with lente without precipitation like with regular, because lispro has modified aa

4. NPL (neutral protamine lispro) + insulin lispro:  because insulin lispro and lente mixtures unstable when stored, so the lispro and lente can be used together, but not stored unless the lispro is modified into NPL

H. Administration

1. All subQ, except regular and the lispro, because they are suspension, not pure solutions

2. In clinical trials for nasal and oral, but not on the market yet

3. Syringes:  most common, syringe is size of tuberculin injection syringe, seen very small bore size, but who wants to everyday inject themselves or someone else, several times a day, poor compliance, not as good control as with pumps

4. CSII pumps:  keeps continuous flow, before the meal, get finer control of glucose levels

5. Portable pen injectors, for immediate situations

6. Air injection

I. Physiological relationship between glucose and insulin concentrations

1. when eat, get increase in glucose, to compensate, body increases insulin afterwards, notice that the insulin never goes back to zero, always a basal level of insulin

2. During fasting states, most difficult to control insulin levels, when snacks, or if have lifestyles hectic, eat here and there, not very regular, makes it very difficult

3. Give insulin 30 hour before meal, then peak or onset of action of insulin is when physiologically would be needed

J. Variation in daily effects of insulin

1. vary sites of injection because inject too often in one site, need to change sites because may have local atrophy (lipodystrophy), but this may vary its absorption at new site

2. Host factors may affect insulin action: infection, fever, puberty, pregnancy, may alter needs of insulin

K. Adverse effects of hypoglycemia

1. always fine balance between too much glucose, not enough glucose, if get too little insulin, get ketoacidosis

2. if too much insulin, go hypoglycemic and get too little glucose and get sweating, pupils dilate, dizziness, tachycardia 

3. adjust insulin levels to match requirements, suddenly join gym working out a lot, require more insulin

4. new patient: sensitive to insulin, hypoglycemia, have upregulated insulin receptors, then they suddenly start injecting insulin, so particularly new patients, have to watch for hypoglycemia

5. old patient: autonomic neurophaty causing decreased hypoglycemia awareness, not as much tachy or sweatiness, don’t realize hypoglycemic until progresses further

6. symptoms:  if severe such as coma can give glucagons to increase glucose synthesis

L. complications

1. before all these complications of diabetes such as retinopathy, neuropathy, and nephropathy, but wondered if were caused by treatment of by DM

2. did study, showed 50-70% decrease in complications with treatment, so not due to treatment, but to disease, therefore, tight glucose control very important for preventing these long term effects

M. phenomenons

1. not only is there glucagons and insulin regulating glucose levels, also other hormones controlling glucose levels, whenever give insulin, will have counterregulations

2. dawn phenom: hormones fluctuate during the day, and cortisol and GH increase just before awakening, and when these hormones increase, they increase glucose production, they find they have a fasting hyperglycemia, and may think didn’t have enough insulin, it’s a normal effect though of cortisol and GH, need to give insulin in the dawn

3. Somogyi effect: if inject too much insulin the night before, in wake up and have hypoglycemia, in this case need to give less insulin, because body compensated and got rebound hyperglycemic

4. avoid by taking 3 AM blood glucose monitoring

a. in somogyi glucose will be low

b. in dawn phenom, glucose will probably be normal

III. Oral Antidiabetic agents

A. General

1. Insulin was for type 1

2. Oral types are for type 2 after tried dieting

3. Secretagogues

a. sulfonylureas, meglitinides

b. both originally called oral hypoglycemics, because produce hypoglycemia, whereas the other ones do not, because work with altering insulin levels, while others do not biguanide, thiazolidinediones, alpha glucosidase inhibitors

4. Biguanides

5. Thiazolidinediones

6. Alpha glucosidase inhibitors

B. Oral Sulfonylureas (OSU)

1. L type calcium channel blockers, thought there would be lots of reactions, but not the same type of channel that’s sensitive to drugs for L type calcium channels, at high abnormal doses can be sensitive to nifedipine, but at normal doses no effect

2. need functioning beta cells, can’t release insulin if no insulin being produced in cell

3. diazoxide

4. first gen: acetohexamide

5. second gen:  longer acting, less side effects

a. Glyburide

b. Glipizide

6. adverse effects

a. hypoglycemia

b. weight gain, put glucose into fat cells, increase TAG synthesis, important because other drugs don’t have weight gain or hypoglycemia, problem particularly if trying to treat someone who is already obsess, don’t want them to gain any other weight

c. flushing (disulfiram-like) reaction, with alcohol, especially with chlorpropamide

d. chlorpropamide:  flushing, SIADH, hepatotoxicity, leukopenia or thrombocytopenia

C. Meglitinides

1. MOA:  act like OSU, inhibit K channels

2. Structure:  different from OSU which contains sulfur

3. Rapid onset peaks in 1 hour, take right before meals to decrease postprandial glucose increases, short duration of action 4-5 hours

4. adverse effects:  same as OSU

D. biguanides

1. Not insulin dependent, independent of the beta cells, no direct effects on insulin, so no adverse effect of hypoglycemia, but stimulates glycolysis

2. Metformin

3. Uses: obsess patients refractory to insulin

4. adverse effects

a. Diarrhea

b. Lactic acidosis:  blocks lactic acid uptake in liver causing lactic acidosis, there was original compound came out before metformin, because it had such high incidence of lactic acidosis, causing deaths

c. Does not cause hypoglycemia or weight gain

5. Contraindications:  renal disease, alcoholism, hepatic disease, conditions predisposed to metabolic acidosis

E. Thiazolidinediones

1. Rosiglitazone

2. MOA: post receptor insulin mimetic activity:  increase glu uptake, and metabolism in muscle and adipose tissues

3. p450 inducers can increase metabolism of drug (such as rifampin, seizure drugs)

4. adverse effects: mild anemia, hepatic damage, no hypoglycemia or weight gain, so in obese patients, metformin and this drug are advantageous

F. Alpha glucosidase inhibitors

1. Arcarbose

2. MOA: inhibits intestinal alpha glucosidases and delays absorption for carbohydrates

3. rather than big peaks, absorption delayed, longer peak

4. adverse effects: flatulence, steatorrhea

IV. summary type II

A. Diet, exercise increases uptake in muscle

B. OSU: used if diet and exercise don’t work increase secretion insulin, but cause hypoglycemia and weight gain

C. Metformin and Rosiglitazone: increase insulin sensitivity, work like insulin, but not insulin, don’t increase insulin, don’t cause hypoglycemia

V. Glucagon

A. Secreated by pancreatic A cells

B. There is enteral glucagons, but not same effect as glucagons, not converted to glucagons because enzymes not there

C. MOA:  increases cAMP, important because uses, increases intropic and chronotropic in the heart such as by taking too many beta blockers, so can counter act the effect of beta blockers by giving glucagons, because it increases cAMP

D. Uses

1. Severe hypoglycemia

2. Beta blocker poisoning: counteract by increasing cAMP in the heart

3. endocrine diagnosis

4. bowel xrays: relaxes gut

