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“acid, meclofenamate [me-kloe-fen-AM-ate]), and the selective COX-2
inhibitor (celecoxib [sel-e-KOX-ib)). They act primarily by inhibiting the
cyclooxygenase enzymes that catalyze the first step in prostanoid bio-
synthesis. This leads to decreased prostaglandin synthesis with both
beneficial and unwanted effects. [Note: Ditferences in safety and effi-
cacy of the NSAIDs may be explained by relative selectivity for the
COX-1 or COX-2 enzyme. Inhibition of COX-2 is thought to lead to the
anti-inflammatory and analgesic actions of NSAIDs, while inhibition of

COX-1 is responsible for prevention of cardiovascular events and most
adverse events.]

A. Aspirin and other NSAIDs

Aspirin can be thought of as a traditional NSAID, but it exhibits anti-
inflammatory activity only at relatively high doses that are rarely used.
It has gained much more usage at lower doses for the prevention of
cardiovascular events such as stroke and myocardial infarction (Ml).
Aspirin is often differentiated from other NSAIDs, since it is an irre-
versible inhibitor of cyclooxygenase activity.

1. Mechanism of action: Aspirin is a weak organic acid that irrevers-
ibly acetylates (and, thus, inactivates) cyclooxygenase (Figure 36.7).
The other NSAIDs are all reversible inhibitors of cyclooxygenase.
The NSAIDs, including aspirin, have three major therapeutic actions:
they reduce inflammation (anti-inflammatory), pain (analgesic effect),
and fever (antipyretic effect; Figure 36.8). However, as outlined below,
not all NSAIDs are equally effective in each of these actions.

a. Anti-inflammatory actions: Cyclooxygenase inhibition dimin-
ishes the formation of prostaglandins and, thus, modulates
aspects of inflammation in which prostaglandins act as media-
tors. NSAIDs inhibit inflammation in arthritis, but they neither
arrest the progression of the disease nor induce remission.

b. Analgesic action: PGE, is thought to sensitize nerve end-
ings to the action of bradykinin, histamine, and other chemi-
cal mediators released locally by the inflammatory process.
Thus, by decreasing PGE, synthesis, the sensation of pain can
be decreased. As COX-2 is expressed during times of inflam-
mation and injury, it is thought that inhibition of this enzyme
is responsible for the analgesic activity of NSAIDs. No single
NSAID has demonstrated superior efficacy over another, and
all agents are generally considered to have equivalent effi-
cacy. The NSAIDs are used mainly for the management of mild
to moderate pain arising from musculoskeletal disorders. One
exception is ketorolac, which can be used for more severe pain
but for only a short duration.

C. Antipyretic action: Fever occurs when the set-point of the ante-
rior hypothalamic thermoregulatory center is elevated. This can
be caused by PGE, synthesis, which is stimulated when endoge-
nous fever-producing agents (pyrogens), such as cytokines, are
released from WBCs that are activated by infection, hypersen-
sitivity, malignancy, or inflammation. The NSAIDs lower body
temperature in patients with fever by impeding PGE, synthesis
and release. These agents essentially reset the “thermostat’
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Figure 36.7

Metabelism of aspirin and acstylation
of cyclooxygenase by aspirin.

toward normal. This rapidly lowers the body temperature of febrie
patients by increasing heat dissipation as a result of periphery
vasodilation and sweating. NSAIDs have no effect on nomg
body temperature.

2. Therapeutic uses:

a. Anti-inflammatory and analgesic uses: NSAIDs are usedin

the treatment of osteoarthritis, gout, and RA. These agents are
also used to treat common conditions (for example, headache,
arthralgia. myalgia, and dysmenorrhea) requiring analgesia,
Combinations of opicids and NSAIDs may be effective in treat-
ing pain caused by malignancy. Furthermore, the addition of
NSAIDs may lead to an opioid-sparing effect, allowing for lower
doses of opioids to be utilized. The salicylates exhibit analgesic
activity at lower doses. Only at higher doses do these drugs
show anti-inflammatory activity (Figure 36.9). For example, two
325-mg aspirin tablets administered four times daily produce
analgesia, whereas 12 to 20 tablets per day produce both anal-
gesic and anti-inflammatory activity.

b. Antipyretic uses: Aspirin, ibuprofen, and naproxenmay be used

lo treat fever. [Note: Aspirin should be avoided in patients less
than 20 years old with viral infections, such as varicella (chicken-
pox) or influenza, to prevent Reye syndrome (a syndrome that

can cause fulminating hepatitis with cerebral edema, often lead-
ing to death).]

c. Cardiovascular applications: Aspirin is used to inhibit plate-

let aggregation. Low-dose aspirin inhibits COX-1-mediated
production of TXA_, thereby reducing TXA,-mediated vasocon-
striction and platelet aggregation and the subsequent risk of car-
diovascular events. Low doses (doses less than 325 mg; many
classify it as doses of 75 to 162 mg—commonly 81 mg) of aspi-
rin are used prophylactically to 1) reduce the risk of recurrent
cardiovascular events and/or death in patients with previous MI
or unstable angina pectoris. 2) reduce the risk of recurring tran-
sient ischemic attacks (T1As) and stroke or death in those who
have had a prior TIA or stroke, and 3) reduce the risk of cardio-
vascular events or death in high-risk patients such as those with
chronic stable angina or diabetes. As aspirin irreversibly inhibits
COX-1 (Figure 36.10) the antiplatelet effects persist for the life
of the platelet. Chronic use of low doses allows for continued
inhibition as new platelets are generated. Aspirin is also used
acutely to reduce the risk of death in acute Ml and in patients
undergoing certain revascularization procedures.

d. External applications: Salicylic acid is used topically to treat

acne, corns, calluses. and warts. Methy! salicylate ("ol of
wintergreen”) is used externally as a cutaneous counterirritant
in liniments, such as arthritis creams and sports rubs.

- 3. Pharmacokinetics:

a. Aspirin: After oral administration, aspirinis rapidly deacetylated

by esterases in the body, thereby producing salicylate. Unionized
salicylates are passively absorbed mostly from the upper small
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intestine (dissolution of the tablets is favored at the higher pH of

the gut). Salicylates (except for diffunisal) cross both the blood- V“;"T"”‘G'l‘“"“”‘”
brain barrier and the placenta and are absorbed through intact S‘;’.?;’d,.,m N

skin (especially methyl salicylate). Salicylate is converted by the
liver to water-soluble conjugates that are rapidly cleared by the
kidney, resulting in first-order elimination and a serum half-life of
3.5 hours. At anti-inflammatory dosages (more than 4 g/day), the
hepatic metabolic pathway becomes saturated, and zero-order
kinetics are observed, leading to a half-life of 15 hours or more
(Figure 36.11). Being an organic acid, salicylate is secreted
into the urine and can affect uric acid excretion. At low doses
of aspirin (less than 2 g/day), uric acid secretion is decreased,
whereas at high doses, uric acid secretion may be unchanged
or increased. Therefore, aspirin is avoided in gout or in patients

taking probenecid.
, i Tinnltus
b. Other NSAIDs: Most NSAIDs are well absorbed after oral | Sanalyper:
administration and circulate highly bound to plasma proteins. : nR

The maj.ority are metabolized by the liver, mostly to inactivate
metabolites. Few (for example, nabumetone and sulindac) have

active metabolites. Elimination of active drug and metabolites is
primarily via the urine.

4. Adverse events: Because of the associated adverse events
below, it is preferable to use NSAIDs at the lowest effective dose
for the shortest duration possible.

] Analges
’ ."An'_tipruu

a. Gastrointestinal: The most common adverse effects of

J Antiplatelet
NSAIDs are Gl related, ranging from dyspepsia to bleeding. . { Gastric bleeding
Normally, production of prostacyclin (PGl,) inhibits gastric acid ::npﬂlred blltt;oi(:l clotll:\lg f_
secretion, and PGE, and PGF,, stimulate synthesis of protec- | = VRRLESHBEVR ROl

tive mucus in both the stomach and small intestine. Agents that
inhibit COX-1 reduce beneficial levels of these prostaglandins,
resulting in increased gastric acid secretion, diminished mucus Figure 36.9

protection, and increased risk for Gl bleeding and ulceration. Dose-dapendent effacts of salicylate,
Agents with a higher relative selectivity for COX-1 may have

a higher risk for Gl events compared to those with a Iowgr _reI-

ative selectivity for COX-1 (that is, higher COX-2 selectivity).

NSAIDs should be taken with food or fluids to diminish Gl upset.

If NSAIDs are used in patients with a high risk for Gl events,

proton pump inhibitors of misoprostol should be used concomi-

tantly to prevent NSAID-induced ulcers (see Chapter 31).

b. Increased risk of bleeding (antiplatelet etfect): TXA, enhances
platelet aggregation, whereas PGl, decreases it. Asplrin irrevers-
ibly inhibits COX-1 —mediated TXA, formation, while other NSAIDs
reversibly inhibit the production of TXA,. Because plate]qts lack
nuclei, they cannot synthesize new enzyme when Inhlbnted by
aspirin, and the fack of thromboxane persists for the lifetime of
the platelet (3 to 7 days). Because of the decrease In TXA, pro-
duction, platelet aggregation (the first step in thrombus forma- o 2:/‘M§ ‘»
tion) is reduced, producing an antiplatelet effect with a protopgcd b b haspholipids
bleeding time. For this reason, aspirin is often held, or not given,
“at least 1 week prior to surgery. NSAIDs other than aspirin are Figure 36.10

" not utilized for their antiplatelet effect but can still prolong bleeding Aspirin Irroversibly Inhibits platelot
time. [Note: As agents become more COX-2 selective, they are cyclooxygenase-1.,

yeclooxygenase-1

" (cox-1) 4‘ (Aspirin ]
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IV. ACETAMINOPHEN

. }fwm{"{('fwi! :

Acedarrophen [a-SEE Fa-MIN-oh-fen] (N aeetytanunopheil oF ABAR)
inhibite prostaglandin synthesls in the ONS, This explaing 1 antpyieie
and analgesic propetties. Adetaniopdien hag lfess efiacl 00 ey
oxygenase i petipheral tssges (due o peripherl inacivation), which
aecoUnts for s weak anti-nflammatorny activity, Acekarioiie does bt
affect platelet function or increase bleeding time. It i ot congiderad ko

b an NSAID,

A, Therapeutio uses

Acetaminephen ls a sultable substitute for the analgesic and ant

pyretic effects of NSAIDs for those patients with gastiie complaints’

tike, 0 those whom a prolongation of bleeding time is 1ot desirabie,

ag woll ag those who do not requite the anti-intiammatony aetiva of
QAN Acetaminophen s the analgesic/antipyretic of choice Ror chik

dren with viral infectiong or chickenpox (due to the ek of Reye syt

drome with agpirin).,

Pharmacoklnetios

Acetaminophen ta tapldly abzotbed from the Gl tact, A signiiicant
flrat-pass metabolism occurs i the luminal cells of the intestine aed
In the hepatocytes. Under normal clicimstances, AOBRTERRY!
It conjugated In the liver to form Inactive ghicuronidated o sutted
motaboliter, A pottlon of acetaminopden e hydronylated to R
N-acetyl-p-benzogquinonalining, or NAPQL, a highly reactive metata-
e that can react with sulthydiyl groups and cauge liver damage. At
notmal doses of aeetantinophen, NAPQI reacts with the suliydi
group of glutathlone, which le produced by the liver, Rieming & bone
toxlo substance (Figure B6,16), Acetamnophen and ite metabolites
are excratad In uilne, The drug le alwo avallable in intravenous and

reotal formulationg,

2]

Adverse offects

At normal therapeutic doges, acetaminophen s virtually tree of siguiti:
cant adverse elfects, WIh large doses of acefaminophen, the avalb
able glatathione In the liver becomes depleted, and NAPQL reacts
with the sulthydiyl groups of hepatic protelng, forming covalent bonde
(Flgure 26.16), Hepatle necrosls, & very sarous and potentially tite:
threatenling conditlon, can result, Patienta with hepatic disease, viat
hepatile, or a hintory of aleoholiatm ate at higher ek of goetma gt
intuced hepatotoxiclly, [Note: N-acetvieysteine, which containg gl
hydryl groups to which the toxle metabolite can bind, 1s an antiloR
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