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LEARNINGIOUNCOMIES:

Classify the antidiabetic agents illustrating their mechanisms of
action.

Numerate the antidiabetic agent clinical indications, side
effects, precautions, contraindications and important
interactions with concomitantly employed drugs.

lllustrate the pharmacokinetic parameters of these antidiabetic
agents.

Highlight certain pharmacodynamic considerations related to
these agents, such as the benefits of metformin as a
medication in polycystic ovary syndrome.
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X The endocrine pancreas in the adult human consists of
approximately 1 million islets of Langerhans interspersed throughout
the pancreatic gland.

x Within the islets, at least five hormone producing cells are present.

X Their hormone products include insulin, the storage and anabolic
hormone of the body; islet amyloid polypeptide (IAPP, or amylin),
which modulates appetite, gastric emptying, and glucagon and
Insulin secretion; glucagon, the hyperglycemic factor that mobilizes
glycogen stores; somatostatin, a universal inhibitor of secretory cells;
pancreatic peptide, a small protein that facilitates digestive
processes by a mechanism not yet clarified; and ghrelin, a peptide
Known to increase pituitary growth hormone release.
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TABLE 41-1 Pancreatic islet cells and their secretory

products.

Approximate

Percent of Islet
Cell Types Mass Secretory Products
Alpha (A} cell 20 Glucagon, proglucagon
Beta (B) cell 75 Insulin, C-peptide, proinsu-

lin, amylin

Delta (D) cell 3-5 Somatostatin
G cell 1 Gastrin
F cell (PP cell)' 1 Pancreatic polypeptide (PP)

"Within pancreatic polypeptide-rich lobules of adult islets, located only in the poste-
rior portion of the head of the human pancreas, glucagon cells are scarce (< 0.5%)
and F cells make up as much as 80% of the cells.

Insulin is a small protein that contains 51 amino acids arranged in two
chains (A and B) linked by disulfide bridges; there are species
differences in the amino acids of both chains.

Proinsulin, a long single-chain protein molecule is hydrolyzed into
iInsulin and a residual connecting segment called C-peptide.
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x Insulin and C-peptide are secreted in equimolar amounts
In response to all insulin secretagogues.

X C-peptide has no physiologic effect, thus, it is a marker for
Insulin.

X Because insulin undergoes significant hepatic extraction,
circulating insulin levels may not reflect insulin production.
Thus, measurement of circulating C-peptide provides a better
Index of insulin levels.
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C-peptide
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Spource: Bertram G. Katzung:
Basic & Clinical Pharmacology, Fourteenth Edition
Copyright © McGraw-Hill Education. All rights reserved.

» Structure of human proinsulin (C-peptide plus A and B chains)
and insulin. Insulin is shown as the shaded (orange color)
peptide chains, A and B. Differences in the A and B chains and
amino acid modifications for the rapid-acting insulin analogs
(aspart, lispro, and glulisine) and long-acting insulin analogs
(glargine and detemir).
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Insulin secretion:

Insulin secretion is stimulated as a result of a variety of stimuli:
1. Glucose.

2. Other sugars, such as mannose.

3. Amino acids (especially, gluconeogenic ones, leucine and
arginine).

4. Hormones, such as glucagon-like polypeptide 1 (GLP-1),
glucose-dependent insulinotropic polypeptide (GIP) and
glucagon.

5. High concentrations of fatty acids.
6. . -adrenergic sympathetic activity.

/. Stimulatory drugs, such as sulfonylureas, meglitinide and
nateglinide, isoproterenol, and acetylcholine.
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X Inhibitory signals include:

1. Hormones including insulin itself, somatostatin, leptin {a
hormone predominantly made by adipose cells and
enterocytes in the small intestine that helps to
regulate energy balance by inhibiting hunger, which in
turn diminishes fat storage in adipocytes 1.

2. Alpha-adrenergic sympathetic activity.
3. Low concentrations of fatty acids.

Inhibitory drugs such diazoxide {a medication used to treat low
blood sugar} , vinblastine and colchicine.
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x Hyperglycemia results in increased intracellular
ATP levels, which close ATP-dependent potassium
channels.

X+ Decreased outward potassium efflux results in
depolarization of the beta cell and opening of
voltage-gated calcium channels.

X The resulting increased intracellular calcium
triggers secretion of the hormone.

U The insulin secretagogue drug group (sulfonylureas,
meglitinides, and d-phenylalanine) exploits parts of
this mechanism.
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U The full insulin receptor consists of two covalently linked
heterodimers, each containing an_ subunit, which is entirely
extracellular and constitutes the recognition site, and a
subunit that spans the membrane.

UThe binding of an 1T nsulin mol
outside surface of the cell activates the receptor and through a
conformational change brings the catalytic loops of the
opposing cytopl asmic Subuni
facilitates mutual phosphorylation of tyrosine residueson t h
subunits and tyrosine kinase activity directed at cytoplasmic
proteins.

U Further phosphorylations occur followed by several events
resulting in the translocation of glucose transporters that carry
out glucose uptake into the cells.
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Endocrine effects of insulin.
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Effect on liver:
Reversal of catabolic features of insulin deficiency
Inhibit< glycogennlysis
Inhibits conversion of fatty acids and amino acids to keto acids
Inhibits conversion of amino acids to glucose
Anabolic action

Promotes glucose storage as glycogen (induces glucokinase and
glycogen synthase, inhibits phosphorylase)

Increases triglyceride synthesis and very-low-density lipoprotein
formation

Effect on muscle:
Increased protein synthesis
Increases amino acid transport
Increases ribosomal protein synthesis
Increased glycogen synthesis
Increases glucose transport

Induces glycogen synthase and inhibits phosphorylase
Effect on adipose tissue:

Increased triglyceride storage

Lipoprotein lipase is induced and activated by insulin to hydro-
lyze triglycerides from lipoproteins

Glucose transport into cell provides glycerol phosphate to permit
esterification of fatty acids supplied by lipoprotein transport

Intracellular lipase is inhibited by insulin
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Type 1

Usually during
childhood or

puberty

Commonly
undernourished

Prevalence Sto10percent  90to 95 percent
of diagnosed of diagnosed
diabetics diabetics

Genetic Moderate Very strong

predisposition

Defect or b cells are Inability of [ cells

defidency destroyed, to produce
eliminating the  appropriate
production of quantities of
insulin insuling insulin

resistance; other
defects
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Various hormonal agents (e.g. glucocorticoids) lower the
affinity of insulin receptors for insulin.

Growth hormone in excess increases this affinity slightly.

Aberrant (irregular) serine and threonine phosphorylation of the

l nsul i n receptor _ inssilmkesistencet and n
functional receptor down-regulation {including decrease in
receptor number}.

The first six amino acids at the amino terminal of the glucagon
molecule bind to specific Gs protein coupled receptors on

liver cells. This leads to an increase in cAMP, which facilitates
catabolism of stored glycogen and increases gluconeogenesis

and ketogenesis. The result ,thus, is rise in blood glucose.
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x There is no effect on the skeletal muscle glycogen, presumagﬁj,
due to the lack of the receptors there.

x Glycogen has positive inotropic and chronotropic effects on the
cardiac muscles.

Clinical uses:

1. Severe hypoglycemia: for emergency treatment of severe
hypoglycemic reactions in patients with type 1 diabetes when
unconsciousness precludes oral feedings and intravenous
glucose treatment is not possible.

Endocrine diagnosis: In patients with type 1 diabetes mellitus.

3. Beta-Adrenoceptor Blocker Overdose: Glucagon is sometimes
useful forreversingt he car di ac effect s
blocking agents. However, it is not clinically useful in the
treatment of heart failure.
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4. Radiology of the bowel: as it relaxes the intestine.

» It shouldnetbe used in patients witpheochienosyiomas.
Gestational Diabetes Mellitus:

x Gestational diabetes (GDM) is defined as any abnormality in
glucose levels noted for the first time during pregnancy.

x During pregnancy, the placenta and placental hormones create
an insulin resistance that is most pronounced in the last
trimester.

Hemoglobin A 1c (HbA 1c¢):
A Hemoglobin linked to glucose.(normal: 4-6 %).

A The HbALlc fraction is abnormally elevated in people with
diabetes with chronic hyperglycemia. Since red cells have a
lifespan of up to 120 days, the HbAlc value reflects plasma
glucose levels over the preceding 8 12 weeks.
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Medications for hyperglycemia:
Insulin preparations:

A. Short -acting (rapidly  -acting):

x The short-acting preparations include regular human insulin
and the three rapidly acting insulin analogs.

x All are clear solutions at neutral pH.

x The insulin molecules exist as dimers that assemble into
hexamers in the presence of two zinc ions.

x The hexamers are further stabilized by phenolic compounds
such as phenol and meta-Cresol (3-methylphenaol).

x The mutations engineered into the rapidly acting insulin analogs
are designed to disrupt the stabilizing intermolecular
Interactions of the dimers and hexamers, leading to more rapid
absorption into the circulation after subcutaneous injection.
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1) Regular insulin:

A A short-acting, soluble, crystalline zinc insulin whose
hypoglycemic effect appears within 30 minutes after s.c.
Injection, peaks at about 2 hours.

A Intravenous infusions of regular insulin are particularly useful in
the treatment of diabetic ketoacidosis.

Insulin aspart, insulin lispro, insulin glulisine
Regular insulin

Yoy o
NPH insulin

; Insulin detemir

Insulin glargine Insulin degludec

¢ (>24h)
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. Rapidly  acting insulin analogs:

Lispro, aspart and glulisine.

Through genetic engineering of DNA, the amino acid sequence of
Insulin can be changed to alter its ADME (absorption, distribution,
metabolism, and excretion) characteristics.

When injected subcutaneously, these three analogs quickly
dissociate into monomers and are absorbed very rapidly, reaching
peak serum values in as little as 1 hour.

Recombinant DNA: is a technology where a human gene is inserted
Into a the genetic material of a common bacterium.

plasmid (loop of bacterial DNA) recombinant
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A The amino acid changes in these analogs do not interfere with
their binding to the insulin receptor, with the circulating half-life,
or with their immunogenicity, which are all identical to those of
human regular insulin.

A Clinical trials have demonstrated that the optimal times of
preprandial subcutaneous injection of comparable doses of the
rapid-acting insulin analogs and of regular human insulin are 15
minutes and 45 minutes before the meal, respectively.

A The patients must be taught to ingest adequate absorbable
carbohydrate early in the meal to avoid hypoglycemia during
the meal.

A The analogs also have lowest variability of absorption:
approximately 5%. This compares with 25% for regular insulin.

Pharmacology -2/ Dr. Y. Abusamra
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Analogs have also another advantage; they have a duration of action
of about 4 hours for most commonly used dosages, where, regular
Insulin duration of action is only prolonged with larger doses.

The rapidly acting analogs are commonly used in insulin pumps.

In a double-blind crossover study comparing insulin lispro with
regular insulin in insulin pumps, persons using insulin lispro had
lower HbA1lc values and improved postprandial glucose control with
the same frequency of hypoglycemia.

While insulin aspart has been approved for intravenous use (e.g. in
hyperglycemic emergencies), there is In using insulin
aspart over regular insulin by this route.
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B. Long -acting insulin preparations
1. NPH (neutral protamine Hagendorn , or Isophane):

x An intermediate-acting insulin whose absorption and onset of
action are delayed by combining appropriate amounts of insulin
and protamine {an antidote for heparin overdose}.

x It Is a suspension of crystalline zinc insulin combined at neutral
pH with the positively polypeptide protamine.

x After subcutaneous injection, proteolytic tissue enzymes
degrade the protamine to permit absorption of insulin.

x NPH insulin has an onset of approximately 2 5 hours and
duration of 4 12 hours.

x 1t Is usually mixed with regular, lispro, aspart, or glulisine insulin
and given two to four times daily for insulin replacement.

x This has an advantage accelerating onset of action with
prolongation of the duration.

Pharmacology -2/ Dr. Y. Abusamra
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. Insulin glargine:

Is a soluble, peakless (having a broad plasma concentration
plateau), long-acting insulin analog.

Amino acid modification resulted in an analog that is soluble in
an acidic solution but precipitates in the more neutral body pH
after subcutaneous injection.

Individual insulin molecules slowly dissolve away from the
crystalline depot and provide a low, continuous level of
circulating insulin.

Slow onset of action: 1-1.5 hr./ max. effect after 4-6 hours that
lasts for 11-24 hours.

It Is given once daily. Some patients with insulin resistance may
need the administration twice.

It should not be mixed with other insulin (use separate
syringes).

Pharmacology -2/ Dr. Y. Abusamra
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3. Insulin detemir:

A Amino acid modifications prolong the availability of the injected
analog by increasing both self-aggregation in subcutaneous
tissue and reversible alobumin binding.

A The duration of action for insulin detemir is about 17 hours at
therapeutically relevant doses.

A It is recommended that the insulin be injected once or twice a
day to achieve a stable basal coverage.

A This insulin has been reported to have lower within-subject
pharmacodynamic variability compared with NPH insulin and
Insulin glargine {reproducibility}.
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4 . Insulin degludec:

U Itis an ultralong-acting basal insulin analogue recently developed.

U In the vial, in the presence of phenol and zinc, the insulin is in the
form of dihexamers but, when injected subcutaneously, it self-
associates into large multihexameric chains consisting of thousands
of dihexamers.

U The chains slowly dissolve in the subcutaneous tissue, and insulin
monomers are steadily released into the systemic circulation.

U The half-life of the insulin is 25 hours.

U Its onset of action is in 30 90 minutes, and its duration of action is
more than 42 hours.

U Adminsteredl-2 times to achieve a stable basal coverage.
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Advantages and properties of basal insulin therapy:

x Mimics normal pancreatic basal insulin secretion.

x Long duration of action.

x Smooth peakless profile ----- flexibility in meal time.
x Flexible dosing.

x Reproducible and predictable effect.

x Reduction in the risk of nocturnal hypoglycemia.
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Because intermediate-acting NPH insulins require several hours to
reach adequate therapeutic levels, their use in patients with diabetes
usually requires supplements of rapid- or short-acting insulin before
meals.

For convenience, these are often mixed together in the same syringe
before injection.

The reqgular insulin or rapidly acting insulin analog is withdrawn first,
then the NPH insulin and then injected immediately.

Stable premixed preparations are available (70% NPH-30% regular).

Premixed preparations of rapidly acting insulin analogs
(lispro, aspart) and NPH are not stable (This problem was solved)
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¥» The main advantages of these new mixtures are:

1. They can be given within 15 minutes of starting a meal.

2. They are superior in controlling the postprandial glucose rise
after a carbohydrate-rich meal.

x Insulin glargine or insulin detemir cannot be acutely mixed with
either regular insulin or the rapid-acting insulin analogs.

x Insulin degludec, however, can be mixed and is available as
70% insulin degludec/ 30% insulin aspart.

X |t is Iinjected once or twice a day.

Pharmaco logy -2/Dr.Y.Abusamra
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Insulin Delivery Systems:
A. Insulin  Syringes and Needles:

X

X

Disposable plastic syringes with needles attached.

The “low-dose” 0.3-mL syringes are popular because many
patients with diabetes do not take more than 30 units of insulin
In a single injection except in rare instances of extreme insulin
resistance.

Three lengths of needles are available; longer needles are
preferable in obese patients to reduce variability of insulin
absorption.

If the skin is clean it is not necessary to use alcohol.

Rotation of sites is recommended to avoid problems with
absorption due to lipohypertrophy from overuse of injection
sites.

Pharmacology  -2/Dr. Y. Abusamra
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A Cartridges of insulin lispro, 3
Insulin aspart, and insulin S
glargine are available for 2
reusable pens. @

Dose adjustment dial
ad “'_ Injection button
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x A dry powder formulation of recombinant regular insulin is now
approved for use in adults with diabetes.

x |t consists of 2- to 2.5-unncrystals of the excipient, fumaryl
diketopiperazine, that provide a large surface area for
adsorption of proteins like insulin.

xAfter inhalation, peak levels are reached in 12-15 minutes and
decline to baseline in 3 hours, significantly faster in onset and
shorter in duration than subcutaneous insulin.

x The inhaler is about the size of a referee s whistle.

x The most common adverse effect of inhaled insulin was cough,
affecting 27% of trial patients.

x Inhaled insulin Is contraindicated in smokers and patients with
chronic lung disease, such as asthma and chronic obstructive
pulmonary disease.

Pharmacology -2/ Dr. Y. Abusamra
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U Spirometry should be performed to identify potential lung
disease prior to initiating therapy.

U Spirometry is a common test used to assess how well lungs
work by measuring how much air is inhaled, how much is
exhaled and how quickly exhaling is.

U Spirometry is used to diagnose asthma, chronic obstructive
pulmonary disease (COPD) and other conditions that affect

breathing.

white

top of
inhaler

bottom of
inhaler
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Immunopathology of Insulin Therapy:

At least five molecular classes of insulin antibodies may be
produced in diabetics during the course of insulin therapy: IgA,
IgD, IgE, 1gG, and IgM. There are two major types of iImmune
disorders in these patients:

1.Insulin allergy: an immediate type hypersensitivity, is a rare
condition in which local or systemic urticarial results from
histamine release from tissue mast cells sensitized by anti-insulin
IgE antibodies.

X |n severe cases, anaphylaxis results.

X Because sensitivity is often to non-insulin protein contaminants,
the human and analog insulins have markedly reduced the

Incidence of insulin allergy, especially local reactions.
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2. Ihnnmnome insuin resgbaaee:

A Low titer of circulating IgG anti-insulin antibodies that neutralize
the action of insulin to a negligible extent develops in most
Insulin-treated patients.

A Rarely, the titer of insulin antibodies leads to insulin resistance
and may be associated with other systemic autoimmune
processes such as lupus erythematosus.

A Lupus erythematosus; the body's immune system mistakenly
attacks healthy tissue in many parts of the body.

Pharmaco logy -2/Dr.Y.Abusamra
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Injection of animal insulin preparations sometimes led to
atrophy of subcutaneous fatty tissue at the site of injection.

Since the development of human and analog insulin
preparations of neutral pH, this type of immune complication is
almost never seen.

Hypertrophy of subcutaneous fatty tissue remains a problem if
Injected repeatedly at the same site.

However, this may be corrected by avoiding the specific
Injection site.

Pharmacology -2/ Dr. Y. Abusamra
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ADVERSE RACTIONS TO INSULINS:

1. Symptoms of hypoglycemia are the most serious and common
adverse reactions to an excessive dose of insulin.

2. Weight gain.

3. Lipodystrophy (less common with human insulin; abnormal or
degenerative conditions of the body's adipose tissue = atrophy
or dystrophy of subcutaneous fatty tissues at the site of
injection).

4. Allergic reactions.

C Diabetics with renal insufficiency may require insulin dose
adjustment.
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Drug class Example of drugs Adverse effects
Insulin and Regular Insulin Hypoglycemia, Weight gain, Insulin
analogues allergy, Lipodystrophy at injection sites
Sulphonylureas Glibenclamide Hypoglycaemia, Weight gain, |
Cardiovascular risk, rash, Cholestatic
jaundice, Bone marrow damage,
Photosensitivity
Meglitinides Repaglinide Hypoglycemia, Sensitivity reactions
Biguanides Metformin Gastrointestinal effects, Lactic acidosis
GLP-1 agonists Exenatide Gastrointestinal effects, Pancreatitis,
risks for cancer and cardiovascular
events
DPP-4 inhibitors Saxagliptin Pancreatitis, risk for cancer, acute
hepatitis and kidney impairment
Thiazolidinedions  Pioglitazone Hepatitis, Cardiovascular risk, Bladder
cancer, Water retention and weight gain
8 Dual PPAR Saroglitazar Gastritis, asthenia and pyrexia
agonists peroxisome  proliferator  -activated receptors
19 Alpha- Acarbose Gastrointestinal effects, Hepatitis,
glucosidase
inhibitors
10 Amylin analogues Pramlintide Hypoglycemia, Allergy
11 SGLT 2 inhibitors Canagliﬂnzin Glzcnsuria, Cardiovascular concern
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DRUGS THAT PRIMARILYTSTUMUEATE INSUINN
RELEEXSE BY BINDING TO TFHE SULFONYLGREA
RECEPTOR

Sulfonylureasas:

Mechanism of action: {Figure on slide 11}

A They bind to a high-affinity sulfonylurea receptor that is
associated with a beta-cell-ATP-sensitive potassium channel.

A Binding of a sulfonylurea inhibits the efflux of potassium ions
through the channel and results in depolarization.

A Depolarization opens a voltage-gated calcium channel and
results in calcium influx and the release of insulin.

Pharmacology -2/ Dr. Y. Abusamra



Anti -diabetic drugs (’nﬁ

Pharmacokinetics:

x Sulfonylureas are metabolized by the liver and, with the
exception of acetohexamide, the metabolites are either weakly
active or inactive.

x  Acetohexamide (15t G agent) is thus metabolized to its active
metabolite hydroxyhexamide.

x Acetohexamide Is the only sulfonylurea possessing uricosuric
activity and therefore it has particular value in diabetics with
gout.

x The metabolites are excreted by the kidney and, in the case
of the second-generation sulfonylureas, partly excreted in the
bile.

xUsed with caution in patients with hepatic or renal insufficiency,
accumulation.

Pharmacology -2/ Dr. Y. Abusamra
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A Glyburide (glibenclamide; 2" G): minimal transfer across the
placenta- a reasonable safe alternative to insulin for diabetes In
pregnancy.

A 2n G agents have higher affinity to the receptor compared to
the 15t G-ones. Thus, 2" G agents are more potent lower risk
of drug-drug interactions.

Adverse effects:
U Weight gain, hyperinsulinemia, hypoglycemia.

U Idiosyncratic reactions are rare; skin rashes hematologic
(leukopnea, thrombocytopnea, 0.1%).

Pharmacology -2/ Dr. Y. Abusamra
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First - generation sulfonylureas:
x Tolbutamide, chlorpropamide, tolazamide and acetohexamide.

X+ Tolbutamide Is with a short ti2 and is inactivated by the liver,
thus, it is safe in elderly and patients with renal impairment.

X+ Tolbutamide: Prolonged hypoglycemia has been reported
rarely, mostly in patients receiving certain antibacterial
sulfonamides (sulfisoxazole), phenylbutazone for arthralgias, or
the oral azole antifungal medications to treat candidiasis
these agents inhibit tolbutamide hepatic metabolism.

X+ Chlorpropamide: longer ti2, prolonged hypoglycemia, so it is
contraindicated in elderly.

X+ Chlorpropamide: an additional side effect is hyponatremia due
to its effect on vasopressin (ADH).
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U Tolazamide: iIs comparable to chlorpropamide but with shorter
half-life.

U Tolazamide is no longer available in the United States.

U Acetohexamide: its half-life is only about 1 hour but its more
active metabolite, hydroxyhexamide, has a half-life of 4 6
hours; thus the drug duration of action is 8 24 hours.

U Chlorpropamide, tolazamide, and acetohexamide are now
rarely used in clinical practice.

Pharmacology -2/ Dr. Y. Abusamra
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X+ Glyburide, glipizide, gliclazide, and glimepiride are 100 200
times more potent than tolbutamide.

x They should be used with caution in patients with
cardiovascular disease or in elderly patients, in whom
hypoglycemia would be especially dangerous.

X+ Glyburide (glibenclamide) other adverse effects other than its
potential for causing hypoglycemia: flushing has rarely been
reported after ethanol ingestion, and the compound slightly
enhances free water clearance {rendering urine less
concentrated, more dilute, than plasma}.

X+ Glyburide is contraindicated in the presence of hepatic
Impairment and in patients with renal insufficiency.
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A Glipizide has the shortest half-life (2 4 hours) of the more
potent agents.

A For maximum effect in reducing postprandial hyperglycemia,
this agent should be ingested 30 minutes before breakfast

because absorption is delayed when the drug is taken with
food.

A At least 90% of glipizide is metabolized in the liver to inactive
products, and the remainder is excreted unchanged in the
urine.

A Glipizide therapy is therefore contraindicated in patients with
significant hepatic impairment.

A Glipizide: preferred in elderly renal impairment (short t1/2).

Pharmaco logy -2/Dr.Y. Abusamra



=

Anti -diabetic drugs |

Drug Interactions with Sulphonylureas

Drugs that may reduce the effects of
sulfonylureas, leading to loss of
glucose control:

b Atypical antipsychotics Hypoglycemic action is increased by: Hypoglycemic action is decreased by:
® Corticosteroids = - - - - - - - - - -4 = TRl = = = = = = = — — — — - - = » Corticosteroids®
® Diuretics - - - - _ _ _ ________ _ _JAlcohol* Hormonal contraceptives®
e Niacin Suifonamides®” ~ = "~ == - - - > Loop and thiazide diuretics®
~

Probenecid Rifampin®

e PhenotRiazines _
Chloramphenicol ®

~
e Sympathominietics
S o * Intricsic hypoglycemicaction
S ® Inhibition of hepatic metabolism of sulfonylureas
~
S Inhibition of urinary secretion of sulfonylureas
~

Drugs that may potentiate the s
effects of sulfonylureas, leading

2 Intrinsic hyperglycemicaction
~ _| ¥ Stimulation of hepatic metabolism of sulfonylureas

to hypoglycemia: & Niacin opposes their actidf?); increases
® Azole antifungals insulin resistance (hyperglycemia).
® Beta-blockers A Phenothiazinesiot known (?).
® Chloramphenicol ) o _
® Clarithromycin A Sympathomimeticwia the adrenergic effecit
@ Monoamine oxidase inhibitors - - : d : :
S onoamin: A Atypical antipsychotic2*’ G antipsychotics
esalicylates that are less likely to cause the known side
® Sulfonamides J effects such as extrapyramidal reftexas
intrinsic effect.
Drugs interac‘ting with 5u|f0ny|ureas_ A MAO inhibitorS dISp|aC9ment fromS
Source : Lippincott lllustrated Reviews, Pharmacology Pharmacology -2/ Dr. Y. Abusamra
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x Glimepiride (Amaryl®) is approved for once-daily use as monothe apy
or in combination with insulin.

x  Glimepiride achieves blood glucose lowering with the lowest dosage
of any sulfonylurea compound.

+++++++++++H+H AR AR AR AR
Meglitinidede analogss:

1. Repaglyiidede:

Mechanism of action:

U These drugs modulate beta-cell insulin release by regulating
potassium efflux through the potassium channels previously
discussed.

U There is overlap with the sulfonylureas in their molecular sites
of action because the meglitinides have two binding sites In
common with the sulfonylureas and one unique binding site.

Pharmaco logy -2/Dr.Y. Abusamra
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Pharmacokinetics:

U Repaglinide has a fast onset of action, with a peak
concentration and peak effect within approximately 1 hour after
Ingestion.

U Itis cleared by hepatic CYP3A4 with a plasma half-life of 1
hour.

U Because of its rapid onset, repaglinide is indicated for use in
controlling postprandial glucose excursions.

U It can be used in patients with renal impairment or in elderly.

U Repaglinide is approved as monotherapy or in combination with
biguanides.

U There is no sulfur in its structure, so repaglinide may be used in
type 2 diabetics with sulfur or sulfonylurea allergy.

Pharmaco logy -2/Dr.Y.Abusamra
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2. Netegigiinade:

x Itis absorbed within 20 minutes after oral administration with a
time to peak concentration of less than 1 hour.

x |t is metabolized in the liver by CYP2C9 and CYP3AA4.
x The overall duration of action is about 4 hours.

x |t is taken before the meal and reduces the postprandial rise In
blood glucose levels.

x The dose is used in patients with mild elevations in
HbAlc.

x Nateglinide Is efficacious when given alone or in combination
with non-secretagogue oral agents (such as metformin).

x |t can be used in patients with renal impairment and in the
elderly.

Pharmacology -2/ Dr. Y. Abusamra
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Adverse effects:

A Hypoglycemia: incidence is lower than that with sulfonylureas.
A Weight gain: incidence is lower than that with sulfonylureas.
Drug interactions:

x Nateglinide and repaglinide X CYT3A4 inhibitors = its effect is
Increased; e.qg. {azoles (antifungal) erythromycin and
clarithromyecin.

x Nateglinide and repaglinide X CYT3A4 inducers = its effect is
decreased; e.g. {carbamazepine barbiturates rifampin}.

x Repaglinide X gemfibrozil (lipid-lowering) = severe
hypoglycemia; slowing its hepatic metabolism by CYT2CS.

Pharmaco logy -2/Dr.Y.Abusamra
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5, &
Cetpeppnt

DRUGEGS THATPRRIMARILY LOWERCGLUOOSE LEVHLSEBY
THERRAACTIONS ON TFHE_ MAER|UMUSCLE, &/ADIPESE

TESSEE:
Biguinicabes:

X+ Phenformin (an older biguanide) was discontinued in the US
because of its association with lactic acidosis.

x Metformin is the only biguanide currently available in the United
States.

x |t1s an insulin sensitizer.

X |t does not promote insulin secretion, so hyperinsulinemia is not
a problem.

X+ Hyperglycemia is less than with sulfonylureas, and can occur in
case of iInadequate caloric intake or over-exercising or efforts
that are not calorically compensated.

Pharmaco logy -2/Dr.Y.Abusamra
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Mechanism of action:

A Inhibition of hepatic gluconeogenesis, thus, reduction in hepatic
glucose output {excess glucose produced by the livemsajar
source of high blood glucose in D\2}.

A Slows intestinal absorption of sugars.
A Improves peripheral glucose uptake and utilization.

A An important merit of the drug; it modestly reduces
hyperlipidemia {LDL and VLDL cholesterol, meanwhile, HDL
rises}. These effects may not be seen before 4 to 6 weeks of
use pass.

C The patient commonly loses weight because of loss of appetite;
metformin has been shown to induce weight loss in obese non-
diabetic populations; therefore, can help in this respect.

Pharmacology -2/ Dr. Y. Abusamra
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A It is recommended to use metformin as the drug of choice in the
newly diagnosed DM-T2.

A Maybe used alone or in combination with insulin, {insulin dose
may require adjustment}.

Pharmacokinetics:

x|t is not bound to plasma proteins, is not metabolized, and Is
excreted by the kidneys as the active compound.

x As a consequence of metformin s blockade of gluconeogenesis,
the drug may impair the hepatic metabolism of lactic acid.

xIn patients with renal insufficiency, the biguanide accumulates
and thereby increases the risk of lactic acidosis, which appears
to be a dose-related complication.

x |tis contraindicated if the eGFR (estimated) is less than 30
mL/min per 1.73 m2.

Pharmacology -2/ Dr. Y. Abusamra
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| Biguanides are recommended as first-line therapy for type 2
diabetes.

| Because metformin is an insulin-sparing agent and does not
Increase body weight or provoke hypoglycemia, it offers
obvious advantages over insulin or sulfonylureas in treating
hyperglycemia in such persons.

I Some reports consider that metformin therapy decreases the
risk of macrovascular {damage to large blood vessels} as well
as microvascular disease {damage to smaller blood vessels};
this is in contrast to the other therapies, which only modified
microvascular morbidity.

I Biguanides are also indicated for use in combination with
Insulin secretagogues or thiazolidinediones Iin type 2 diabetics
In whom oral monotherapy is inadequate.

Pharmacology -2/ Dr. Y. Abusamra
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Metformin is useful in the prevention of type 2 diabetes.

Reports: metformin is efficacious in preventing the new onset of
type 2 diabetes in middle-aged, obese persons with impaired
glucose tolerance and fasting hyperglycemia.

It is Interesting that metformin did not prevent diabetes in older,
leaner (slimmer) prediabetics.

Epidemiologic studies suggest that metformin use may reduce
the risk of some cancers.

Other studies suggest a reduction in cardiovascular deaths in
humans and an increase in longevity (length of life) in mice.

Pharmacology -2/ Dr. Y. Abusamra
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Toxicity:

A The most common toxic effects of metformin are GIT-related.

They are dose related, tend to occur at the onset of therapy,
and are often transient.

A Metformin interferes with the calcium-dependent absorption of
vitamin B12 in the terminal ileum, and vitamin B12 deficiency
can occur after many years of metformin use.

A Periodic screening for vitamin B12 deficiency should be

considered, especially in patients with peripheral neuropathy or
macrocytic anemia (large with low Hb).

A Increased intake of calcium may prevent the metformin-induced
B12 malabsorption.

Pharmacology -2/ Dr. Y. Abusamra
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X+ Lactic acidosis can sometimes occur with metformin therapy.

x |t is more likely to occur in conditions of tissue hypoxia when
there is increased production of lactic acid and in renal failure
when there is decreased clearance of metformin.

Contraindications:
A Kidney, liver, or cardiorespiratory insufficiency.
U It should be discontinued in:

U Acute myocardial infarction.
U Exacerbation of CHF.

U Severe infection.
U

1 It should be, temporarily discontinued on the day of
radiocontrast administration and restarted a day or two later
after confirmation that renal function has not deteriorated (acute
kidney failure).

Pharmaco logy -2/Dr.Y. Abusamra



| Anti -diabetic drugs | (nﬂ

Metformin should be used with caution patients in:
A Patients older than 80 years of age.

A Patients with a history of CHF.

A Patients with alcohol abuse.

C Renal function should be checked at least annually in patients
on metformin therapy.

X+ Lower doses should be used in the:
o Elderly .
0 Those with eGFR between 30 and 45 mL/min per 1.73 m2

Pharmacology -2/ Dr. Y. Abusamra
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THIAZOLIDINEDIONE S:
A Thiazolidinediones act to decrease insulin resistance.

A They are ligands of peroxisome proliferator-activated receptor
gamma (PPAR- ), part of the steroid and thyroid superfamily of
nuclear receptors.

A These PPAR receptors are found in muscle, fat, and liver.

A PPAR- receptors modulate (decrease)the expression of the
genes involved in lipid and glucose metabolism, insulin signal
transduction, and adipocyte and other tissue differentiation.

A Observed effects of the thiazolidinediones include=
mechanisms how these agents decrease resistance to insulin:

1. Increased glucose transporter expression (GLUT 1 and GLUT
4).{See the coming fig. increase glucose uptake by the cells}

2. Decreased free fatty acid levels.
3. Decreased hepatic glucose output.

Pharmaco logy -2/Dr.Y.Abusamra
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Increased adiponectin {a protein hormonewhich is involved in

| Anti -diabetic drugs | m

regulatingylucosdevels as well éatty acidoreakdow.
Decreased release of resistin from adipocytes {an adipocyte

released peptide. It is a uniqgue signaling molecule, is being proy
as a significant factor in the pathogenesis of elatsd insulin
resistance

Decrease levels of plasminogen activator inhibitor type 1
{promotes fibrinolysis by inhibiting enzymes {tPA} that catalyze
conversion of plasminogen to plasmin}, matrix
metalloproteinase 9 {degradation of the extracellular matrix},
C-reactive protein {A high level of CRP in the blood is a marker
of iInflammation}, and interleukin 6 {a pro-inflammatory
cytokine}.

x Two thiazolidinediones are currently available: pioglitazone and

rosiglitazone. Troglitazone was withdrawn (hepatotoxic)

Pharmacology  -2/Dr. Y. Abusamra



TUSOM
Pharmwiki

63

Pharmacology  -2/Dr. Y. Abusamra



