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Endocrine and

Metabolic Agents
L
[ ] [ [ |
Diabetic Lipid-Lowering Anti-Androgenic Other Metabolic
Hormones
Agents Agents Agents Agents
— Sult‘onyurea_s — Pravastatin Flutamide +— Leuprolide ~ — Alendronate
(e.g. Glyburide)
— Metformin — Cholestyramine Finasteride — Octreotide  +— Propylthiouracil
) . Gout Agents
— Gemfibrozil —

— Rosiglitazone — Vasopressin

(e.g. Colchicine)

L— Prednisone

| a-Glucosidase Inhibitors
(e.g. Acarbose)

- B R

Actions of insulin

Decreases blood glucose levels by decreasing
hepatic gluconeogenesis, inducing glycogen
synthesis, and increasing glucose uptake into

» Synthesis .
» Proinsulin is broken down into insulin and >
C-peptide in the pancreatic 3-cell.

* Secretion of insulin

» Glucose binds to a receptor on the pancreatic cells.
B-cell and is taken up into the cell. » Inhibits lipolysis.
» In the B-cell, glucose is oxidized and ATP is » Stimulates amino acid uptake into cells.
formed. » Decreases serum K* levels by increasing K*
» ATP binds a K* channel and inhibits the flow of uptake into cells.
K* into the cell, leading to cell depolarization. * Synthetic insulin preparations
» Cell depolarization leads to the release of intra- » Insulin lispro: Rapid onset of action (peak 1 hr);

cellular Ca**, which stimulates insulin release very short-acting (3—4 hrs).

into the blood.

Insulin then travels to the liver, muscle, and
adipose tissue, where it binds an insulin recep-
tor in order to exert its effects.

Regular insulin: Rapid onset of action (peak
2-3 hrs); short-acting (5-7 hrs).

Semilente insulin: Quick onset of action (peak
6 hrs); intermediate-acting (1012 hrs).

Lente insulin/NPH insulin: Intermediate onset
of action (peak 10 hrs); intermediate-acting
(18 hrs).

Ultralente insulin: Slow onset of action (peak
12 hrs); long-acting (24 hrs).
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A 48-year-old male presents to his primary care physician’s office for an annual check-up. He

reports that over the past few months, he has noticed that he has been thirstier and has been urinat-

ing more frequently. His family history is significant for type 2 diabetes in both of his parents. A

random glucose level is 282 mg/dL. All other laboratory studies are normal. You tell the patient that

he has type 2 diabetes and you decide to begin him on a medication that will lower his blood sugar

by stimulating increased insulin release from the B-cells of his pancreas.

Sulfonyureas

Similar Drugs Ist Generation: Chlorpropamide, tolbutamide.
2nd Generation: Glyburide, glipizide, glimeperide.

Mechanism The sulfonyureas have three mechanisms of action. They (1) stimulate insulin release from

of Action the pancreas through inhibition of a potassium channel on B-cells, (2) increase insulin action
on target tissues by prolonging binding of insulin to target tissue receptors, and (3) reduce
serum glucagon levels through indirect inhibition (increased insulin level inhibits glucagon
secretion).

Clinical Uses Treatment of non-insulin-dependent type 2 diabetes.

Side Effects Hypoglycemia; skin rash; allergic reaction; disulfiram reaction with alcohol (chlorpro-
pramide).

Other Sulfonyureas are contraindicated in pregnancy, since they can cross the placenta and cause

insulin depletion in the fetal pancreas.

Sulfonyureas are also contraindicated in patients with renal or hepatic insufficiency, since
the liver and kidney are responsible for excretion of the drug.
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A 59-year-old woman presents to your endocrinology office for follow-up of her type 2 diabetes

mellitus. She tells you that she has had difficulty achieving optimal control of her blood sugar. She

currently takes a sulfonyurea. Her hemoglobin A, . level is 8.7, indicating that her glycemic control

over the past 3 months was not ideal. You decide to add another medication to the sulfonyurea that

she takes currently. You explain to her that this new drug will help control her blood sugar by inhibit-

ing glucose production by the liver.

- Metformin

Similar Drugs

Metformin belongs to a class of drugs known as the biguanides.

Mechanism
of Action

Although the exact mechanism of metformin is not known, it is believed to reduce serum
glucose levels by inhibiting hepatic gluconeogenesis.

Clinical Uses

Treatment of non-insulin-dependent type 2 diabetes.

Side Effects

GI upset; lactic acidosis; impaired absorption of vitamin B, .

Other

Metformin has also been shown to improve lipid profiles (decreases LDL and VLDL cholesterol
and increases HDL cholesterol).

Metformin is contraindicated in patients with renal insufficiency, since the kidney is respon-
sible for excretion of the drug.
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A 61-year-old female presents to your primary care clinic for a follow up visit. She has recently
been diagnosed with mild type 2 diabetes mellitus, and she has been trying to control her blood
sugar with diet and exercise. At this office visit, a random serum glucose is 254. You tell her that
she should seriously consider beginning pharmacologic treatment of her diabetes. She becomes
concerned and she tells you that her cousin was on a “diabetes drug” and had extensive liver dam-
age several years ago. You reassure her that the “diabetes drug” she is speaking of is not prescribed
anymore, and that the other drugs in the class have not been shown to cause liver failure.

Rosiglitazone

Similar Drugs Other thiazolidinediones include pioglitazone and troglitazone.

Mechanism Although the exact mechanism of the thiazolidinediones is not known, they are believed to

of Action reduce serum glucose levels by decreasing insulin resistance by increasing glucose uptake
by muscle and fat cells. This class of drugs may also be involved in inhibiting hepatic gluco-
neogenesis.

Clinical Uses Treatment of non-insulin-dependent type 2 diabetes.

Side Effects Hypoglycemia; edema; anemia; liver damage (mostly associated with troglitazone, which has

been withdrawn from the market for this reason).

Other Since troglitazone was shown to be hepatotoxic, this class of drugs is contraindicated in patients
with hepatic insufficiency. The FDA also recommends that the patient have liver function tests
while using this medication.
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A 48-year-old male presents to your endocrinology clinic for management of his type 2 diabetes
mellitus. He has been trying to control his blood sugar with diet and exercise, but he has not been
able to achieve optimal glycemic control. You tell him that you feel that he ought to consider phar-
macologic treatment of his disease. Since he is a factory worker at a nuclear plant, who operates
heavy machinery everyday, you decide to start him on a medication that does not have the side effect

of hypoglycemia.

a-Glucosidase Inhibitors

Similar Drugs Acarbose, miglitol.

Mechanism These drugs act to inhibit a-glucosidase, an enzyme present in the brush border of the small

of Action intestine that is responsible for breaking oligosaccharides and disaccharides into monosaccha-
rides. By inhibiting this enzyme, absorption of postprandial carbohydrates is decreased
and thus postprandial glucose levels are lowered.

Clinical Uses Treatment of non-insulin-dependent type 2 diabetes. Also can be used in combination with
insulin for patients with insulin-dependent diabetes.

Side Effects GI upset (flatulence, diarrhea). Note that the a-glucosidase inhibitors do NOT cause hypo-
glycemia.

Other
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A 52-year-old man presents to your primary care office for a routine visit. He has not seen a physi-

cian in 5 years, but he states that he has been feeling well. You note that he is mildly overweight;

however, his physical exam is otherwise unremarkable. Laboratory tests reveal an elevated total

cholesterol level of 307 with an LDL of 187. His HDL and triglycerides levels are within normal

limits. You explain to him that his cholesterol is elevated, and you recommend that he begin a med-

ication that lowers cholesterol by inhibiting the body’s production of cholesterol. You also suggest

that he improve his diet and exercise regimen.

- Pravastatin

Similar Drugs

Other HMG-CoA reductase inhibitors include atorvastatin, simvastatin, and fluvastatin.

Mechanism
of Action

This class of drugs acts by inhibiting HMG-CoA reductase, which is the enzyme that catalyzes
the first step in cholesterol biosynthesis in the liver. They also cause an increase in the con-
centration of LDL receptors on hepatocytes, thereby increasing the liver’s ability to extract
LDL and VLDL from the serum.

Clinical Uses

Used in treatment of elevated cholesterol levels. This class of drugs acts to decrease total
cholesterol and LDL levels. Levels of triglycerides are also mildly decreased and HDL levels
are mildly increased.

Side Effects

Myopathy; abnormal liver function tests.

Other

HMG-CoA reductase inhibitors are contraindicated in pregnancy as they have been shown
to be teratogenic.

Since the effects of this class of drugs are mediated in part by the increase of the number of
LDL receptors, this drug is not nearly as efficacious in individuals who lack LDL receptors
(e.g., patients who are homozygous for familial hypercholesterolemia).
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A 49-year-old woman presents to your office for a routine visit to follow up her abnormal lipid levels.

Three months ago, initial assessment of her cholesterol levels had demonstrated elevated LDL levels,

although her HDL and triglyceride levels were within normal limits. At that time, you started her

on a lipid-lowering medication. Current laboratory studies demonstrate a marked decrease in her

LDL levels. You tell her the good news and, although she is pleased with the results, she does com-

plain that the medication gives her diarrhea and tastes really terrible.

- Cholestyramine

Similar Drugs

Other bile acid resins include colestipol and colesevelam.

Mechanism
of Action

This class of drugs acts to inhibit the reabsorption of bile acids in the jejunum and ileum.
Lower levels of bile acids result in the increased conversion of cholesterol to bile acids, thereby
leading to lower levels of intracellular cholesterol. The cell responds to lower levels of intra-
cellular cholesterol by increasing the concentration of LDL receptors on the cellular surface,
thereby resulting in increased uptake of serum LDL into the cell with a resulting decrease in
serum LDL.

Clinical Uses

Used in treatment of elevated cholesterol levels. This class of drugs acts to decrease LDL
levels. There is generally no significant effect on HDL levels.

Side Effects

GI upset; bad taste of medication; decreased absorption of fat-soluble vitamins (A, D, E, K)
and folic acid; impaired absorption of a variety of other drugs (e.g., warfarin, digoxin, tetra-
cycline, thiazide diuretics).

Since the effects of this class of drugs are mediated in part by the increase of the number of
LDL receptors, this drug is not nearly as efficacious in individuals who lack LDL receptors
(e.g., patients who are homozygous for familial hypercholesterolemia).
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A 44-year-old woman presents to the emergency room, complaining of severe epigastric pain. She

tells you that the pain is associated with nausea and vomiting. Laboratory studies reveal elevated

amylase and lipase levels, leading to a diagnosis of acute pancreatitis. She denies any history of

alcohol use or gallstone disease, leading you to consider other factors that may have led to her

episode of pancreatitis. When a lipid profile reveals a triglyceride level of 1500, you immediately

decide to begin her on a triglyceride-lowering agent, and you explain to her that her elevated triglyc-

eride level was likely responsible for the development of her pancreatitis.

Gemfibrozil

Similar Drugs

Other fibrates include clofibrate and fenofibrate.

Mechanism
of Action

This class of drugs acts to stimulate lipoprotein lipase. Lipoprotein lipase is the enzyme respon-
sible for breaking down triglycerides into VLDL and chylomicrons, which are then removed
from circulation. The fibrates have also been implicated in decreasing hepatic cholesterol
biosynthesis.

Clinical Uses

Used in treatment of elevated cholesterol levels. This class of drugs acts to decrease
triglyceride levels. They also mildly decrease LDL levels and mildly increase HDL levels.

Side Effects

GI upset; increased incidence of gallstone formation; myositis; abnormal liver function tests.
Clofibrate has been associated with an increased incidence of malignancy and is not used
clinically anymore.

The fibrates circulate in the bloodstream, bound to plasma proteins. They compete with war-
farin for binding sites to these plasma proteins. Thus, the effects of warfarin may be increased
in patients taking fibrates and warfarin simultaneously.

Niacin is another lipid-lowering agent that is primarily used to increase HDL levels and to
decrease LDL levels. Niacin acts by decreasing lipolysis in adipose tissue, thereby decreas-
ing the concentration of precursors for VLDL and LDL production. The most common side
effect of niacin is flushing.
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A 69-year-old woman presents to your primary care office, complaining of a 2-week history of back
pain. She admits that the pain began after she had been lifting some heavy boxes while cleaning out
her husband’s study. She denies any neurologic symptoms. On physical exam, she has no pain with the
straight-leg maneuver, thereby suggesting that she has not herniated her disk; however she does have
point tenderness around the T12-L1 region. You send her for imaging studies, which reveal a vertebral
compression fracture at L1. A bone scan reveals the presence of significant osteoporosis. You decide
to treat her osteoporosis with a medication that acts by decreasing osteoclastic bone reabsorption.

7 Alendronate

Similar Drugs Other bisphosphonates include etidronate, pamidronate, and risedronate.

Mechanism This class of drugs acts to decrease osteoclastic bone reabsorption by inhibiting osteoclastic

of Action activity and increasing osteoclastic cellular death.

Clinical Uses Treatment of osteoporosis, Paget’s disease of the bone, and hypercalcemia associated with
‘ malignancies.

Side Effects GI upset.

Other
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A 39-year-old woman presents to the emergency room, complaining of a “racing heart.” She tells
you that she has experienced these sorts of palpitations several times over the past 6 months. Upon
further questioning, you discover that she has lost 20 pounds over the last 6 months, that she has
two or three episodes of diarrhea a day, and that she has been having difficulty sleeping. Her phys-
ical examination is remarkable for the presence of exophthalmos and a mildly enlarged thyroid
gland. You begin to suspect that this woman would benefit from a medication that inhibits thyroid

hormone synthesis.

Propylthiouracil

Similar Drug Methimazole.

Mechanism This drug inhibits thyroid hormone synthesis in the thyroid gland as well as inhibiting periph-

of Action eral conversion of T, to T.. Propylthiouracil inhibits thyroid hormone synthesis by inhibiting
thyroid peroxidase, the enzyme involved in iodine organification, and by inhibiting the
coupling of iodotyrosines.

Clinical Uses Treatment of hyperthyroidism.

Side Effects Maculopapular skin rash; agranulocytosis; arthralgias.

Other
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A 72-year-old male presents to the emergency room, complaining of severe pain in the big toe on
his right foot. He denies any trauma to the toe, and he states that he has had an episode of symp-
toms similar to this 1 month ago. His past medical history is significant for non-Hodgkin’s lym-
phoma, for which he is currently receiving treatment. On physical examination, you note that the
first MCT joint of his right foot is swollen and tender to touch. Laboratory studies reveal signifi-
cantly elevated uric acid levels. You begin treatment with a medication that will decrease the migra-
tion of inflammatory cells to the affected area, and you tell him that he may need future treatment

with a medication that will prevent similar attacks by inhibiting xanthine oxidase.

v 4 Gout Agents

Similar Drugs Colchicine, probenecid, allopurinol.

Mechanism Colchicine: Induces microtubular depolymerization by binding tubulin, thereby leading to
of Action decreased migration of leukocytes to the affected site. Colchicine also blocks the formation
of leukotriene B,.

Probenecid: Decreases reabsorption of uric acid in the proximal tubule of the kidney by
blocking active transport of uric acid.

Allopurinol: Inhibits xanthine oxidase, an enzyme in the purine degradation pathway that
is responsible for converting xanthine to uric acid.

Clinical Uses Colchicine: Treatment of acute gouty attack.

Probenecid and allopurinol: Prevention of further gouty attacks; treatment of uric acid
levels that are so high that patients are at risk for tissue or renal damage.

Side Effects Colchicine: GI upset; bone marrow suppression; alopecia.
Probenecid: GI upset; inhibition of renal excretion of penicillin and NSAIDs.

Allopurinol: GI upset; hypersensitivity reactions; decreased metabolism of 6-mercapto-
purine and azathioprine.

Other When therapy with allopurinol is begun, colchicines or an NSAID should be given simulta-
neously because acute gouty attacks often occur during the first few weeks of allopurinol
administration.
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A 42-year-old woman presents to your clinic complaining of weakness and fatigue over the past
month. Physical examination reveals areas of hyperpigmentation over her knuckles, knees, and
elbows. Initial laboratory studies demonstrate hypoglycemia, hyperkalemia, and hyponatremia. You
decide to order several other laboratory tests, as you begin to suspect that her condition may be due
to an autoimmune process and that she will likely need replacement therapy of specific hormones

to treat her symptoms.

- Prednisone

Similar Drugs Other synthetic corticosteroids include hydrocortisone, cortisone, prednisolone, methylpred-
nisolone, betamethasone, and dexamethasone.

Mechanism This class of drugs mimics the actions of endogenous glucocorticoids. Such actions include
of Action vasoconstriction, the stimulation of hepatic gluconeogenesis and protein catabolism, the
decrease of circulating leukocytes, the inhibition of prostaglandin and leukotriene formation
through inhibition of phospholipase A, and the stimulation of gastric acid and pepsin production.

Clinical Uses Treatment of adrenocortical insufficiency, allergic reactions, collagen-vascular disorders
(e.g., SLE, RA, polymyositis), inflammatory bowel disease, ITP, arthritis, multiple sclero-
sis, asthma, nephrotic syndrome, leukemia, lymphoma (part of MOPP protocol used to treat
Hodgkin’s disease), and spinal cord compression.

Other uses include the diagnosis of Cushing’s syndrome, stimulation of fetal lung maturity,
and immunosuppression in organ transplants.

Side Effects Symptoms of Cushing’s syndrome: osteoporosis; hypertension; psychosis, and irritability;
increased susceptibility to infection; hyperglycemia; fat redistribution (“buffalo hump”fat
pad at back of neck; development of central obesity; “moon facies”—characteristic edematous
facial appearance); thinning of skin with development of striae; impaired wound healing;
peptic ulcer disease; peripheral muscle wasting; edema.

Other Beclomethasone is an inhaled glucocorticoid that is used to treat chronic asthma. Because
the drug is inhaled and not administered systemically, side effects are minimal.
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A 79-year-old male presents to your clinic complaining of difficulty urinating. On taking a com-
plete history, you learn that he has had trouble in starting and stopping the stream of urine for the
last 4 months, and that he has recently been suffering from severe back pain. Physical exam reveals
several points of tenderness along his thoracic and lumbar vertebrae. A digital rectal exam demon-
strates easily palpable nodules that are firm, enlarged, and irregularly shaped. When laboratory tests
demonstrate an elevated PSA level and an elevated serum alkaline phosphatase level, you begin to
believe that this patient will likely need a prostatectomy as well as treatment with a medication that

acts as a competitive antagonist at androgen receptors.

- Flutamide

Similar Drugs

Mechanism This drug acts as a competitive antagonist at the androgen receptor, thereby decreasing the

of Action growth effects of testosterone on the prostate. By blocking the androgen receptor, flutamide also
results in the relief of testosterone’s inhibition of gonadotropin secretion. With lower levels of
testosterone detected, the body responds by increasing serum LH release. In order to counter-
act the increased levels of LH, flutamide is always administered with leuprolide.

Clinical Uses Treatment of prostate cancer.

Side Effects GI upset; gynecomastia; abnormal liver function tests.

Other Clomiphene acts as a partial agonist at the estrogen receptors in the pituitary, thereby

increasing the release of gonadotropins. It is used to induce ovulation and thus to treat infer-
tility. Common side effects include hot flashes and multiple pregnancies.

Danazol acts as a mild agonist at androgen and progesterone receptors, thereby resulting
in the decrease of LH and FSH secretion. It is used to treat endometriosis and fibrocystic
disease of the breast. Common side effects include weight gain, acne, and increased hair growth.
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A 69-year-old male presents to your primary care office for his annual visit. He states that he feels
healthy overall, except that he has begun to experience an increased frequency of urination. He
denies any pain or blood with urination. Upon further questioning, he admits he has also had diffi-
culty starting and stopping the stream of urine. A digital rectal examination reveals a diffusely
enlarged prostate gland. Laboratory results demonstrate an increased total PSA with a proportion-
ate increase in the fraction of free PSA. You reassure the patient that his symptoms are not caused
by a malignancy, and you start him on a medication that will decrease the production of dihydrotestos-

terone and thus decrease the size of his prostate.

- Finasteride

Similar Drugs

Mechanism This drug inhibits Sa-reductase, the enzyme responsible for the conversion of testosterone to
of Action dihydrotestosterone.

Clinical Uses Treatment of benign prostatic hyperplasia and early male-pattern baldness.

Side Effects Decreased libido; erectile dysfunction.

Other Dihydrotestosterone acts on receptors in the prostate, seminal vesicles, and skin, as opposed

to testosterone, which acts on receptors in the muscle and liver. In the prostate, dihydrotestos-
terone acts to stimulate growth of the gland.
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A 85-year-old man presents to your oncology clinic for consultation regarding his metastatic
prostate carcinoma. He was initially diagnosed with cancer when his primary care physician
checked a PSA level after feeling a hard prostatic nodule on digital rectal exam. A subsequent bone
scan revealed several areas of bony metastases. During this initial visit, he asks you if he will need
chemotherapy. You explain to him that chemotherapeutic agents are not necessary in his case, and that
he can be treated with a regimen of medications that include a drug, which acts as a gonadotropin-

releasing hormone agonist.

Leuprolide

Similar Drugs Other GnRH agonists include naferelin and goserelin.

Mechanism This drug is a GnRH agonist. When leuprolide binds the GnRH receptors in the pituitary,

of Action there is an initial release of LH and FSH; however, continued administration of leuprolide
leads to the desensitization and down-regulation of the GnRH receptors, thereby eventually
resulting in decreased release of LH and FSH. Decreased levels of LH and FSH lead to
decreased levels of estrogens and testosterone.

Clinical Uses Treatment of metastatic prostate cancer, leiomyomas, and endometriosis when administered
in a continuous fashion.

Treatment of infertility when administered in an intermittent fashion.

Side Effects Impotence; hot flashes; GI upset.

Other
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A 45-year-old man presents to your gastroenterology clinic complaining of long-standing epigastric
pain and diarrhea. Upon further questioning, he tells you that the abdominal pain is generally
relieved with food and antacids. He has been treated with proton-pump inhibitors several times in
the past, but he has not found any relief with these medications. Laboratory testing reveals an ele-
vated serum gastrin level and imaging studies demonstrate the presence of a tumor in the small
intestine. You explain to the patient that options for treatment of his condition include surgical resec-
tion as well as pharmacologic treatment with a synthetic analog of a naturally occurring pancreatic

hormone.

- Octreotide

Similar Drug Somatostatin.

Mechanism Octreotide is a synthetic analog of the hormone somatostatin, which is a pancreatic hormone
of Action that acts to inhibit the release of secretin and gastrin.

Clinical Uses Treatment of a variety of endocrine disorders including treatment of diarrhea associated with VIP-

producing tumors, treatment of acromegaly, and treatment of Zollinger-Ellison syndrome.
Treatment of esophageal varices associated with cirrhosis-induced portal hypertension.

Side Effects GI upset.
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A 51-year-old female presents to the emergency room, complaining of recurrent headaches. She

denies any neurologic symptoms or a history of migraines; however, a thorough review of systems

reveals that she has been extremely thirsty lately and that she has been urinating frequently. Her

physical exam, including a thorough neurologic exam, is unremarkable. Laboratory tests reveal nor-

mal glucose levels, increased serum osmolality, and hypernatremia. You refer her to an endocrinol-

ogist in order to determine the etiology of her disorder, and in the meantime, you wonder if she

might benefit from treatment with a medication that causes an increase in water reabsorption

by the kidney.

Vasopressin

Similar Drug Desmopressin.

Mechanism Vasopressin is a naturally occurring hormone released by the posterior pituitary, and can

of Action interact with three different types of receptors: (1) V, receptors, which are present on vascular
smooth muscle, in order to produce vasoconstriction; (2) V, receptors, which are found on
renal tubule cells in the collecting ducts in the kidney; when vasopressin binds to V, receptors,
it acts to increase the water permeability and reabsorption of the collecting ducts, there-
by resulting in increased water retention; (3) V,-like receptors in order to increase factor VIII
activity.

Clinical Uses Treatment of central diabetes insipidus.
Treatment of gastrointestinal bleeding (e.g., bleeding esophageal varices, diverticular disease).
Desmopressin acetate is also given to patients with hemophilia A or von Willebrand's disease
before minor surgical procedures to decrease the risk of uncontrollable bleeding.

Side Effects Hyponatremia; hypersensitivity reactions; vasoconstriction (only associated with vaso-
pressin and not desmopressin); headache.

Other Oxytocin is another posterior pituitary hormone that causes uterine contraction as well as the

contraction of the myoepithelial cells in the breast. Oxytocin is used in obstetrics to induce
labor and to stimulate breast milk “let-down” in the new mother.





