Nonsteroidal Antinflammatory Drugs (NSAIDs
and Analgesics
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A Universa] Complex, Subjectivexperience
A No. 1 Reason people take medications

A Generallyis related to some type of tissue damage
and serves as a warninggnal



Analgesics

-Pain killers
-Derived from Greelkn- "without" & -algia"pain."

Ananalgesic¢ or painkiller, is any member of the grougf drugs used
to achieve analgesia-relief frompain.

-Act in various ways on the peripheral and central nervous systems



Analgesics

|  The nonsteroidal antiinflammatory drugs (NSAIL
|  Paracetamol = acetaminophen

|  Opioid drugs



Comparison of Analgesics

Feature Narcotic (Opioids  ( Nonnarcotic (nonopioid (
Efficacy Strong Weak

Prototype Morphine Aspirin

Pain Relieved Any Type Musculoskeletal

Site of Action Central Peripheral and Central

Mechanism Specific Receptors PG Synthesis

Danger Tolerance & G.l irritation
Dependence

Anti -inflammatory No Yes

Antipyretic No Yes

Antiplatelets No Yes




Inflammatory pathways

Cyclooxygenase (COX) pathway of arachidonate
metabolism produces prostaglandins

Effects on blood vessels, on nerve endings, and on cells
Involved Iin inflammation

The lipoxygenase pathway of arachidonate metabolism
yields leukotrienes

have a powerful chemotactic effect on eosinopnhils,
neutrophils, and macrophages and promote
bronchoconstriction and alterations in vascular
permeability
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Do Io I Do I

Cycleoxygenase (COX

EXxists In the tissue as constitutive isoform (€QAX

At site of inflammation, cytokines stimulates the
induction of the2"d isoform (COX)2

Inhibition of CO is thought to be due to the anti
Inflammatory actions of NSAIDs

Inhibition of COA is responsible for their GIT
toxicity.
Most currently used NSAIDs are somewhat selective

for COX1, but selective COXinhibitors are
available



NSAIDs

A The NSAIDs are a group of chemically dissimilar
agents that differ in theiantipyretic, analgesic
andanti-inflammatory activities

A inhibiting the cyclooxygenasenzymes that
catalyze the first step in prostanoid biosynthesis

>>>>decreased prostaglandin synthesis with both
beneficialand unwanted effects



TABLE 36-1

Properties of aspirin and some other
nonstercidal anti-inflammatory drugs.

Urinary
Excretion of Recommended
Half-Life Unchanged Anti-inflammatory

Drug (hours) Drug Dosage
Aspirin 0.25 <2% 1200-1500 mg tid
Salicylate’ 2-19 2-30% See footnote 2
Celecoxib 11 7% 100-200 mg bid
Diclofanac 1.1 < 1% 50-75 mg qgid
Diflunisal 13 3-9% 500 mg bid
Etodolac [ <1% 200-300 mg qid
Fenoprofen 25 30 600 mg qid
Hurbiprofen 38 <1% 300 mqg tid
Ibuprofen 2 < 1% &00 mg qid
Indomethadn 4-5 16% 5070 mg tid
Eetoprofen 18 1% 70 mg tid
Ketorolac 4-10 58% 10 mg gid"
Meloxicam 20 Data not 7.5-15 mg qd

found
Nabumetone® 26 1% 1000-2000 mg qd”
Naproxen 14 < 1% 375 mag bid
Oxaprozin 58 1-4% 1200-1800 mg qd”
Piroxicam 57 4-10% 20 mg qd”
Sulindac 8 7% 200 mg bid
Tolmetin 1 7% 400 mg gid
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Non-steroidal anttinflammatory drugs (NSAIDs

pain
fever
Inflammation

By inhibition of cycleoxygenase enzymes COX
& COXe



NSAIDs

An antrinflammatory actionY

(1) decrease Vasodilator PBGE, PGJ) leads to less
vasodilatation and, indirectly, less edema

(2) The inhibition of activity of adhesion molecule

(3) Accumulation of inflammatory cells is also
reduced



NSAIDs

An analgesic effedf

—\

Decreased prostaglandin generation means decreas
sensitivty ofnociceptivenerve endings to inflammaton
mediators

—

Relief ofheadacheis due to decreased prostaglanein
mediated vasodilatation



Analgesic action

A Prostaglandin E(PGR) is thought tosensitizenerve endings
to the action of bradykinin, histamine, and other chemical
mediators released locally by the inflammatory process.

A management of pain of low to moderate intensity arising from

musculoskeletal disorders rather than that arising from the
viscera.



Antipyretic Effects

A The antipyretic due primarily to the blockade of
prostaglandinsynthesis at the thermoregulatory centers
In the hypothalamus and at peripheral target sites



Antipyretic actionY

A Fever occurs when the sgbint of the anterior
hypothalamic thermoregulatory center is elevated

A >impeding PGEsynthesis and release > resets the
hypothalamus toward normal

A Aspirinhas no effect on normal body temperature



How Infection/Inflammation Causes Fever
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Aspirin

| It can causérreversibleinactivation of COX and COX2

A Aspirin is the prototype dfaditional NSAIDs and was
officially approved by the FDA @939



Mechanism of action

A Aspirin is a weak organic acid that is unique among the
NSAIDs in that itreversibly inactivates cyclooxygenase

A  The other NSAIDs are all reversible

A Aspirin is rapidly deacetylated by esterases in the body
producing salicylate, which has afrtflammatory, antipyretic,
and analgesic effects



C—OH C—O0—Na
O—(II:—cHa OH
Aspirin 0 Sodium salicylate
Vi
o |
Il C—0O
HO—C—CHg OH
Acetic acia
Conjugation with Conjugation o l
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FIGURE 36-3 structure and metabolism of the salicylates. (Modified and reproduced, with permission, from Meyers FH, Jawetz E, Goldfien A: Review of

Medical Pharmacology, 7th ed. McGraw-Hill, 1980.)
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Respiratory actions:

Aspirin can cause bronchoconstriction in some asthmatic patient
through increased production of proinflammatory mediators,
particularly leukotrienes.



Clinical Uses

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

Epidemiologic studies suggest that leiegm use of
aspirin at low dosage Is associated with a lower
Incidence of colon cancer, possibly related to its
COXinhibiting effects



Gastrointestinal effecty

A

A

PGR stimulate synthesis of protectivaucusin both the
stomach and small intestine

In the presence of aspirin, thepeostanoidsare not
formed, resulting in increased gastric acid secretion and
diminished mucus protection

Agents used for the prevention of gastric and/or
duodenal ulcers include protgoump inhibitors PPIS;
esomeprazole, lansoprazolemeprazol



Effect on platelety

Aspirin irreversibly inhibits platelet COX so that
aspirindéds ant i Bil@Gdays (thet e
life of the platelet .(

In other tissues, synthesis of new COX replaces the
Inactivated enzyme so that ordinary doses have a
duration of action of 6dl2 hours.



Actions on the kidney:

A Cyclooxygenase inhibitors prevent the synthesis ofR(BH
PG2 that are responsible for maintainimgnal blood flow.

A Decreased synthesis of prostaglandins can resultention
of sodium and waterand may causedemaand
hyperkalemiain some patients.
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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:

A The most common Gl effects of the salicylateseggastric
distress nausea, and vomiting

A MicroscopidGl bleedings almost universal in patients
treated with salicylates

A At stomach pH, aspirin is uncharged; consequently, it readil
crosses into mucosal cells, where it ionizes (becomes
negatively charged) and becomes trapped, thus potentially
causingdirect damage to the cel®



Hypersensitivity: Approximatelyl5 percent of patients takingaspirin
experience hypersensitivity reactiods

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

Reye's syndrom¥

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

A This is especially encountered in children, who therefore should be
given acetaminophen instead of aspirin



Reye's syndrome

A 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 iliness, it also occurs in the
absence of aspirin use



Drug InteractionsyY

Salicylate 190to 95 percent protein bound and can be
displaced from its proteubinding sites, resulting in increased
concentration of free salicylate

alternatively,aspirin could displace other highly protein
bound drugs, such agarfarin, phenytoin, or valproicacid,
resulting in higher free concentrations of the other agent

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



ToxicityY

The mild form is called salicylism

A nauseayvomiting, marked hyperventilation, headache, mental
confusion, dizziness, and tinnitus (ringing or roaring in the gars

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 offluid, dialysis correction ofacid-baseand
electrolyte balances



Toxic effects of aspirin on
respiratory center

A (1) stimulation of the respiratory center of the brain, leading
to hyperpneaand respiratoryalkalosis

A (2) uncoupling of oxidative phosphorylation, leading to
Increased oxygen utilization and glucose demand, increase
oxygen utilization and glucose demand, increased
glyconeogenesjsand increased heqdroduction

A (3) inhibition of Krebs cycle enzymes, leading to decreased
glucose avalilability and increased orgaaads

A (4) alterations in lipid metabolism and amino acid
metabolism, enhancing metabolacidosis

A (5) increased fluid and electrolyte losses, leading to
dehydration, sodium depletion, potassium depletion, and
loss of buffer capacity.



N
Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

Salicylate
» Aspirin

Propionate
* |buprofen
» Naproxen

Coxibs
» Celecoxib
» FEtoricoxib

Paracetamol

« Irreversibly inhibits Cyclooxygenase 1
(COX-1) and COX-2

Inhibition of COX-2 suppresses
prostanoid synthesis providing
analgesic, anti-pyretic and anti-
inflammatory effects

Aspirin is weakly selective to COX-1

Competitive inhibitors of COX-1 and
COX-2

Both ibuprofen and naproxen are
weakly selective to COX-1

Competitive inhibitor of COX-2 only at
therapeutic dose

Exact mechanism unknown but has
ability to inhibit COX pathways
Good analgesic and anti-pyretic but
poor anti-inflammatory effects

.

Gastrointestinal: Inhibition of COX-
1 causes dyspepsia and if severe
gastric bleeding and ulceration
Rashes: Morbiliform rash, urticaria,
toxic epidermal necrolysis (TEN)
Acute renal failure

Increase blood pressure

Reduce effect of anti-
hypertensives (except CCB)

+ Salicylate poisoning in aspirin

overdose (hyperventilation, tinnitus,
deafness, vasodilatation)

Similar to other NSAIDs
Less gastrointestinal side-effects

» Paracetamol overdose can cause

liver damage

Presents with nausea and vomiting,
associated with right subcostal
pain and tenderness

+ Contraindicated in active peptic
ulceration, bleeding disorders,
children under 16 years (risk of
Reye’s syndrome), severe cardiac
failure

» Contraindicated in Gl bleed,
ulceration, heart failure

» Contraindicated in active Gl bleed,
ulceration, cerebrovascular disease,
inflammatory bowel disease,
ischemic heart disease, heart
failure, peripheral arterial disease

* Monitor blood pressure

GRAM{ZL{1A])



Naproxen and Ibuprofen

A Pregnancy : category C, categor@rd trimester

A Increase the risk of cardiovascular thrombotic event, Ml and
stroke

A Increase risk of Gl bleeding

A Ibuprofen not excee®200ng/day., and take with food or with
water to avoid Gl effect



Acetic acid derivatives

Indomethacin

A Despite its potency as an aftiflammatory agent, theoxicity of
iIndomethacinlimits its use to the treatment of acute gouty
arthritis, ankylosing spondylitis

Inside a \/-—I {/

Heart with
Patent
Ductus
Arteriosus

Connection
(Patent
Ductus
Arteriosus)



Oxicam derivatives

Piroxicamand meloxicam

A

A

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

They havdong haltlives, which permit oncedaily |
administration, and the parent drug as well as its metabolite:
arerenallyexcreted in the urine

Meloxicaminhibits both COA and CO, with preferential
binding for COR, and at low to moderate doses shows less
Gl irritation thanpiroxicam®



Diclofenac sodium
A UsedPO50mgafter food, I.M. inj 75mg

A Diclofenacpotassiumis prompt release and has quicker onset
whereasthe Diclofenacsodiumis delayedrelease

A Toxicitysimilarto others



Acetaminophen

Acetaminophen Inhibits prostaglandin synthesis ir
the CNS

This explains its antipyretic and analgesic
properties.

Acetaminophen has less effect on cyclooxygenase
In peripheral tissues, which accounts forweak
anti-inflammatory activity.

Acetaminophen does not affeplatelet function
or increase blood clotting time



Therapeutic uses

A

Acetaminophen is a suitab&ibstitute for the analgesic
and antipyretic effects of aspirin for those patients with
gastriccomplaints, those in whom prolongation of
bleedingtime would be a disadvantage, or those who do
not require the antinflammatory action of aspirin

Acetaminophen is the analgesic/antipyreticabfoicefor
childrenwith viral infections or chickenpox (recall that
aspirin increases the risk Bleye'ssyndrome.)



Adverse effects

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

A Renal tubular necrosis and hypoglycemic coma are rare
complications of prolonged, largwose therapy

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

A Renal tubular necrosis may also occur

A Periodic monitoring of liver enzymes tests is recommended for
those on highdose acetaminophen



NSAID vs ACEI/ARB on Kidneys

fferent arteriole
Exits the
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Paracetamol = Acetaminophen

Weak PG synthesis inhibitor

CNS actiondParacetamol also modulates the
endogenous cannabinoid system

A NotY

antiinflammatory
Platelets inhibitor
Ulcerogenic
Teratogenic

A
A



Pharmacokinetics

A Acetaminophen is rapidigbsorbedfrom the Gl tract. A
significant firstpass metabolism occurs in tih@éminal cells of
the intestine and in thdepatocytes

A Under normal circumstances, acetaminophen is conjugated
In theliver to form inactive metabolites

A A portion of acetaminophen is hydroxylated to foNn
acetylbenzoiminoguinon& highly reactive and potentially
dangerous metabolite



At normal doses of acetaminophen, the N
acetylbenzoiminoguinone reacts with the sulfhydry
group ofglutathione, forming a nontoxic substance

Acetaminophen and its metabolites are excreted Ir
the urine



Paracetamol

A Toxicity
I Severe hepatotoxicity with high doses

I 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
acti ve nhous elksezymelfourgl o
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
assoclated 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 inhibitoro about 1071 20 times
more selective for COX-2 than for COX-.1

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



