Doctor 021

3}

PHARMACOLOGY

#1?

WRITER:
CORRECTOR:”:& Jaa
DOCTOR:Alia al-shatanawi



Nonsteroidal Anti-inflammatory Drugs (NSAIDs)
and Analgesics

Dr. Alia Shatanawi



Antipyretic action:

Fever occurs when the set-point of the anterior
hypothalamic thermoregulatory center is elevated

> impeding PGE2 synthesis and release > resets the
hypothalamus toward normal

it rapidly lowers the body temperature of febrile
patients by increasing heat dissipation as a result of
peripheral vasodilation and sweating.

Aspirin has no effect on normal body temperature.



How Infection/Inflammation Causes Fever
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Central Mechanisms Involved in Fever
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Aspirin

Its chemical name is salicylic acid

4+ It can cause irreversible inactivation of COX-1 and COX-2.

. Aspirin is the prototype of traditional NSAIDs and was
officially approved by the FDA in 1939.



Mechanism of action

 Aspirinis a weak organic acid that is unique among the
NSAIDs in that it irreversibly inactivates cyclooxygenase
It binds to the enzyme until the body synthesize another one

e The other NSAIDs are all reversible

 Aspirinis rapidly deacetylated by esterases in the body
producing salicylate, which has anti-inflammatory, antipyretic,
and analgesic effects.

. antiplatelet effect, since it’s a selective inhibitor of Cox-1 that
prevents the production of TXA which is responsible for platelet
aggregation.
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Respiratory actions:

Aspirin can cause bronchoconstrictionin some asthmatic patients
through increased production of proinflammatory mediators,
particularly leukotrienes.

~ So why NSAIDs are not recommended for asthmatic patients?
inhibition of COX pathway of AA metabolism > shift to LOX
pathway > increased production of leukotienes

> increased asthmatic manifestations.




Clinical Uses

Aspirin decreases the incidence of transient
Ischemic attacks, unstable angina, coronary
artery thrombosis with myocardial infarction, and
thrombosis after coronary artery bypass grafting

Epidemiologic studies suggest that long-term
use of aspirin at low dosage is associated with a
lower incidence of colon cancer, possibly related
to its COX-inhibiting effects.



Gastrointestinal effects:(Side effects)

. PGE2 stimulate synthesis of protective mucus in both the
stomach and small intestine.

. In the presence of aspirin, these prostanoids are not
formed, resulting in increased gastric acid secretion and
diminished mucus protection. GI 1irritation peptic ulcers

given in combination with aspirin‘
. Agents used for the prevention of gastric and/or
duodenal ulcers include proton-pump inhibitors (PPIs);

esomeprazole, lansoprazole, omeprazol " "
P . P | . P | This pump mediates

Prototype gastric acid secretion




(they are not real cells, they don’t have a nucleus)

The plasma half-life of aspirin is
only 20 minutes; however, because
platelets cannot generate new COX,
Effect on platelets: the effects of aspirin last for the
duration of the life of the platelet

Aspirin irreversibly inhibits platelet COX so that
aspirin’s anti platelet effect lasts 8-10 days (the
life of the platelet).

In other tissues, synthesis of nhew COX replaces the
inactivated enzyme so that ordinary doses have a
duration of action of 6-12 hours.

low dose of aspirin is needed for the antiplatelet effect, because
it's highly selective for COX-1

(Recently, there are cautions on the use of high doses of NSAIDs
because they might cause thrombosis)




Actions on the kidney: (Side effects)

can cause permenant kidney damage if taken chronically or if taken by susceptible patients

. Cyclooxygenase inhibitors prevent the synthesis of PGE2 and
PGI2 that are responsible for maintaining renal blood flow.

. Decreased synthesis of prostaglandins can result in retention
of sodium and water and may cause edema and
hyperkalemia in some patients.



Common Adverse Effects

Platelet Dysfunction

Gastritis and peptic ulceration with bleeding
(inhibition of PG + other effects)

Acute Renal Failure in susceptible
Sodium+ water retention and edema
Analgesic nephropathy

Prolongation of gestation and inhibition of labor.
GIT bleeding and perforation



Adverse effects

Gastrointestinal:

e The most common Gl effects of the salicylates are epigastric
distress, nausea, and vomiting.

. Microscopic Gl bleeding is almost universal in patients
treated with salicylates.

. At stomach pH, aspirin is uncharged; consequently, it readily
crosses into mucosal cells, where it ionizes (becomes
negatively charged) and becomes trapped, thus potentially
causing direct damage to the cells.



Hypersensitivity: Approximately 15 percent of patients taking aspirin
experience hypersensitivity reactions.

« Symptoms of true allergy include urticaria, bronchoconstriction, or
angioedema. Fatal anaphylactic shock is rare.

Reye's syndrome:

 Aspirin and other salicylates given during viral infections has been
associated with an increased incidence of Reye's syndrome, which is an
often fatal, fulminating hepatitis with cerebral edema.

 Thisis especially encountered in children, who therefore should be
given acetaminophen instead of aspirin



Reye's syndrome

 Reye's syndrome is a potentially fatal disease that
has numerous detrimental effects to many organs,
especially the brain and liver, as well as causing a
lower than usual level of blood sugar (hypoglycemia)
The classic features are a rash, vomiting, and liver
damage. The exact cause is unknown and, while it
has been associated with aspirin consumption by

—children with viral illness, it also occurs in the

absence of aspirin use. [specifically with salicylate ingestion

That's why we usually give children with viral illness
paracetamol rather than aspirin or salicylate-containing drugs




Drug interactions:

Salicylate is 90 to 95 percent protein bound and can be

displaced from its protein-binding sites, resulting in increased
concentration of free salicylate

alternatively, aspirin could displace other highly protein-
bound drugs, such as warfarin, phenytoin, or valproic acid,
resulting in higher free concentrations of the other agent.

Concomitant use of ketorolac and aspirin is contraindicated
because of increased risk of Gl bleeding and platelet
aggregation inhibition.



Toxicity:

The mild form is called salicylism

*  nausea, vomiting, marked hyperventilation, headache, mental
confusion, dizziness, and tinnitus (ringing or roaring in the ears).

Aspirin has a direct effect on the respiratory center in the brain leading
to hyperventilation. The body responds to hyperventilation by having
the kidneys produce more bicarbonate and excrete more potassium
which leads to an elevated anion gap metabolic acidosis.

In serious cases, mandatory measures include the intravenous
administration of fluid, dialysis correction of acid-base and
electrolyte balances.



Propionic acid derivatives

Ibuprofen, naproxen, fenoprofe, ketoprofen, flurbiprofen

All these drugs possess anti-inflammatory, analgesic, and antipyretic
activity

their Gl effects are generally less intense than those of aspirin.
These drugs are reversible inhibitors of the cyclooxygenases

All are well absorbed on oral administration and are almost totally bound
to serum albumin.

They undergo hepatic metabolism and are excreted by the kidney.

The most common adverse effects are Gl, ranging from dyspepsia to
bleeding.

Side effects involving the central nervous system (CNS), such as headache,
tinnitus, and dizziness, have also been reported.



Naproxen and Ibuprofen

Pregnancy : category C, category D 3rd trimester *Category C: risk of this drug

- - can’t be ruled out because
during 1st and 2nd trimester there’s no satisfactory

(so it's better to use paracetamol)
Increase the risk of cardiovascular thrombotic event, M| and

St ro ke . *Category D: positive
evidence of human fetal
risk

Increase risk of Gl bleeding.

Ibuprofen not exceed 3200mg/day., and take with food or with
water to avoid Gl effect.



Acetic acid derivatives

indomethacin , sulindac , Etodolac

 Despite its potency as an anti-inflammatory agent, the toxicity of
indomethacin limits its use to the treatment of acute gouty
arthritis, ankylosing spondylitis .

* The adverse reactions caused by sulindac are similar to, but less
severe than, those of the other NSAIDs, including indomethacin.

. Etodolac has effects similar to those of the other NSAIDs

NOT REQUIRED




Oxicam derivatives

Piroxicam and meloxicam

are used to treat RA, ankylosing spondylitis, and
osteoarthritis.

They have long half-lives, which permit once-daily
administration, and the parent drug as well as its metabolites
are renally excreted in the urine.

Meloxicam inhibits both COX-1 and COX-2, with preferential
binding for COX-2, and at low to moderate doses shows less
Gl irritation than piroxicam.



Fenamates

Mefenamic

. have no advantages over other NSAIDs as anti-
inflammatory agents.

. Their side effects, such as diarrhea, can be
severe, and they are associated with
inflammation of the bowel.

. Cases of hemolytic anemia have been reported



Heteroaryl acetic acids

Diclofenac and tolmetin , ketorlac

are approved for long-term use in the treatment of RA,
osteoarthritis.

Diclofenac is more potent than indomethacin or naproxen.
An ophthalmic preparation is also available.

Diclofenac accumulates in synovial fluid, and the primary route of
excretion for the drug and its metabolites is the kidney.



Diclofenac sodium
Used PO 50mg after food, I.M. inj 75mg

Diclofenac potassium is prompt release and has quicker onset
where as the Diclofenac sodium is delayed release.

Toxicity similar to others



Acetaminophen

Acetaminophen inhibits prostaglandin synthesis in
the CNS.

This explains its antipyretic and analgesic
properties.

Acetaminophen has less effect on cyclooxygenase
in peripheral tissues, which accounts for its weak
anti-inflammatory activity.

Acetaminophen does not affect platelet function
or increase blood clotting time.



Therapeutic uses

Acetaminophen is a suitable substitute for the analgesic
and antipyretic effects of aspirin for those patients with
gastric complaints, those in whom prolongation of
bleeding time would be a disadvantage, or those who do
not require the anti-inflammatory action of aspirin.

Acetaminophen is the analgesic/antipyretic of choice for
children with viral infections or chickenpox (recall that
aspirin increases the risk of Reye's syndrome).



Adverse effects

With normal therapeutic doses, acetaminophen is virtually free of
any significant adverse effects.

Renal tubular necrosis and hypoglycemic coma are rare
complications of prolonged, large-dose therapy.

. large doses Hepatic necrosis, a very serious and potentially life-
threatening condition can result.

 Renal tubular necrosis may also occur.

 Periodic monitoring of liver enzymes tests is recommended for
those on high-dose acetaminophen.



Paracetamol = Acetaminophen

Weak PG synthesis inhibitor

CNS actions: Paracetamol also modulates the
endogenous cannabinoid system

Not:

— antiinflammatory

— Platelets inhibitor

— Ulcerogenic

— Teratogenic



Pharmacokinetics

e Acetaminophenis rapidly absorbed from the Gl tract. A
significant first-pass metabolism occurs in the luminal cells of
the intestine and in the hepatocytes.

Under normal circumstances, acetaminophen is conjugated
in the liver to form inactive metabolites.

A portion of acetaminophen is hydroxylated to form N-
acetylbenzoiminoquinone a highly reactive and potentially
dangerous metabolite .



At normal doses of acetaminophen, the N-
acetylbenzoiminoquinone reacts with the sulthydryl
group of glutathione, forming a nontoxic substance

Acetaminophen and its metabolites are excreted in
the urine.



Paracetamol

Toxicity
Severe hepatotoxicity with high doses

N- acetylcysteine is the antidote when given
in the first 24hours.



Cyclooxygenase Il Inhibitors: Celocoxib

~ Inhibit prostaglandin synthesis by the COX-2
ISozyme induced at sites of inflammation
without affecting the action of the constitutively
active “housekeeping” COX-1 isozyme found
in the Gl tract, kidneys, and platelets.

COX-2 is constitutively active within the
kidney, recommended doses of COX-2
Inhibitors cause renal toxicities similar to those
associated with traditional NSAIDs



Clinical data have suggested a higher incidence
of cardiovascular thrombotic events associated
with COX-2 inhibitors such as rofecoxib and

valdecoxib,
resulting in their withdrawal from the market.



Celecoxib

a selective COX-2 inhibitor—about 10-20 times
more selective for COX-2 than for COX-1.

It interacts occasionally with wartarin—as would
be expected of a drug metabolized via CYP2C9



