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Nonsteroidal Anti-Inflammatory Drugs
(NSAID)

Immune system

約翰，費博士是國際知名
研究抗發炎藥物的鼻祖，並獲
英國皇室頒封爵位殊榮，他於
1971年提出Aspirin類藥物的作
用乃藉由抑制環氧化酵素
（COX），阻斷前列腺素
（PGE2）的生成，達到抗發
炎、止痛的目的，也就是非類 Wellcome 研究實
固醇抗發炎止痛藥（NSAID）， 驗室 Beckenham
因此在1982年獲得諾貝爾醫學 ，英國b. 1927年
D. 2004年
獎。

Terminology
Analgesics: medication that relieves pain without causing a
loss of conciousness.
Pain: whatever the patient says it is.
Pain threshold: level of stimulus that results in the
perception of pain.
Pain tolerance: the amount of pain an individual can endure
without interfering with normal functionning.

Neural mechanisms of pain

Mechanisms of Pain and Nociception
 Nociception is the mechanism whereby noxious peripheral
stimuli are transmitted to the central nervous system.
 Pain is a subjective experience, not always associated with
nociception.
 Polymodal nociceptors (PMN) are the main type of
peripheral sensory neuron that responds to noxious stimuli.
 The majority are non-myelinated C-fibres whose endings
respond to thermal, mechanical and chemical stimuli.

1

2012/12/21

The Major Classes of Somatic Sensory Receptors
Anatomical Associated
characterist axonsa (and
diameters)
ics
Minimally
Free nerve specialized
C, Aδ
endings
nerve
endings
Encapsulate
Meissner's d; between
Aβ 6–12
corpuscles dermal
μm
papillae
Receptor
type

Pacinian
corpuscles

Encapsulate
d; onionlike
covering

Aβ 6–12
μm

Merkel's
disks

Encapsulate
d;
associated
with
peptidereleasing
cells

Aβ

Axonal
conduction Location
velocities

Function

Rate of
adaptation

Pain,
temperatur
e, crude
touch

Slow

Principally
glabrous
skin

Touch,
pressure
(dynamic)

Rapid

Subcutaneo
us tissue,
interosseou
s
membranes
, viscera

Deep
pressure,
vibration
(dynamic)

2–20 m/s All skin

Touch,
All skin,
pressure
hair follicles
(static)

The Major Classes of Somatic Sensory Receptors
Threshold
of
activation

Receptor
type

Anatomical Associated Axonal
characteristi axonsa (and conduction Location
diameters) velocities
cs

Function

Rate of
adaptation

Threshold of
activation

High
All skin

Stretching
of skin

Low

Encapsulate
Ruffini's d; oriented
Aβ 6–12 μm
corpuscles along
stretch lines

Rapid

Low

Muscle
spindles

Highly
specialized

Ia and II

Muscles

Low

Golgi
tendon
organs

Highly
specialized

Ib

Slow

Minimally
Joint
receptors specialized

—

Fine
myelinated
fibers, conduct
rapidly

Slow

Low

Muscle
length

Both slow
and rapid

Low

Tendons

Muscle
tension

Slow

Low

Joints

Joint
position

Rapid

Low

Mechanisms of Pain and Nociception
Chemical stimuli acting on PMN to cause pain

Non-myelinated fibers
with low conductive
velocity (1 m/s),
polymodal nociceptors
(PMN)

include bradykinin, 5-HT, and capsaicin.
PMN are sensitised by prostaglandins, which explains
the analgesic effect of aspirin-like drugs, particularly
in the presence of inflammation.
Nociceptive fibres terminate in the superficial layers of
the dorsal horn, forming synaptic connections with
transmission neurons running to the thalamus.

Mechanisms of Pain and Nociception
 PMN neurons release glutamate (fast transmitter) and various
peptides (especially substance P) which act as slow
transmitters.
 Peptides are also released peripherally and contribute to
neurogenic inflammation.
 Neuropathic pain, associated with damage to neurons of the
nociceptive pathway rather than an excessive peripheral
stimulus, is frequently a component of chronic pain states, and
may respond poorly to opioid analgesics.
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Chemical signalling in the nociceptive pathway
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Nonsteroidal
antiinflammatory drugs
(NSAIDs)

Figure 41.2 (still)

Figure 41.3 (still)
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Overview
1. The inflammatory response is complex, involving the immune system
and the influence of various endogenous agents, including
prostaglandins, bradykinin, histamine, chemotactic factors, and
superoxide free radicals formed by the action of lysosomal enzymes.
2. Aspirin, other salicylates, and newer drugs with diverse structures are
referred to as NSAIDs to distinguish them from the anti-inflammatory
glucocorticoids.
3. NSAIDs are used to suppress the symptoms of inflammation associated
with rheumatic disease. Some are also used to relieve pain (analgesic
action) and fever (antipyretic action).
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Mechanism of action--Anti-inflammatory effect
A. The anti-inflammatory effect of NSAIDs is due to the inhibition of the enzymes
that produce prostaglandin H synthase (cyclooxygenase, or COX), which
converts arachidonic acid to prostaglandins, and to TXA2 and prostacyclin.

Analgesic effect
1.

PGE2 and PGI2 are the most important prostaglandins involved in pain.
Inhibition of their synthesis is a primary mechanism of NSAID-mediated
analgesia.

B. Aspirin irreversibly inactivates COX-1 and COX-2 by acetylation of a specific
serine residue.
–

1) Prostaglandins sensitize pain receptors and processing; peripheral input via
C and Aδ fibers and TRPV-1 Ca2+ channels------- primary hyperalgesia

This distinguishes it from other NSAIDs, which reversibly inhibit COX-1
and COX-2.

2) Afferent input processed in dorsal horn (prostaglandins inhibit GABA and

C. NSAIDs have no effect on lipoxygenase and therefore do not inhibit the
production of leukotrienes.
D. Additional anti-inflammatory mechanisms may include interference with the
potentiative action of other mediators of inflammation (bradykinin, histamine,
serotonin), modulation of T-cell function, stabilization of lysosomal membranes,
and inhibition of chemotaxis.

glycine inhibitory interneurons) ----secondary hyperalgesia
3) Prostaglandins produce changes in central pain processing that leads to
allodynia: painful sensation cause by normally innocuous stimuli.
2.

NSAIDs prevent the potentiating action of prostaglandins on endogenous
mediators of peripheral nerve stimulation (e.g., bradykinin).

Antipyretic effect
The antipyretic effect of NSAIDs is believed to be
related to inhibition of production of
prostaglandins induced by interleukin-1 (IL-1)
and interleukin-6 (IL-6) in the hypothalamus and
the "resetting" of the thermoregulatory system,
leading to vasodilatation and increased heat loss.

Therapeutic uses—Inflammation
1. NSAIDs are first-line drugs used to arrest
inflammation and the accompanying pain of
rheumatic and nonrheumatic diseases, including
rheumatoid arthritis, juvenile arthritis,
osteoarthritis, psoriatic arthritis, Reiter syndrome,
and dysmenorrhea. Pain and inflammation of
bursitis and tendonitis also respond to NSAIDs.

Therapeutic uses—Inflammation
2. NSAIDs do not significantly reverse the
progress of rheumatic disease.
3. Treatment of chronic inflammation requires use of
these agents at doses well above those used for
analgesia and antipyresis; consequently, the
incidence of adverse drug effects is increased.
Drug selection is generally dictated by the patient's
ability to tolerate the adverse effects, and the cost
of the drugs.

Analgesia
NSAIDs alleviate mild-to-moderate pain by
decreasing PGE- and PGF I2 ie PGI2-mediated
increases in pain receptor sensitivity.
They are less effective than opioids, and they are
more effective against pain associated with
integumental structures (pain of muscular and
vascular origin, arthritis, and bursitis) than
with pain associated with the viscera.
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Antipyresis. NSAIDs reduce elevated body

Adverse effects of NSAIDs

temperature with little effect on normal body
temperature.
Miscellaneous uses. Aspirin reduces the
formation of thrombi and is used
prophylactically to reduce recurrent transient
ischemia, unstable angina, and the incidence of
thrombosis after coronary artery bypass grafts.

Adverse effects of the NSAIDs
1. Central nervous system: Headaches, tinnitus, and dizziness.
2. Cardiovascular: Fluid retention hypertension, edema, and rarely,
congestive heart failure.
3. Gastrointestinal: Abdominal pain, dysplasia, nausea, vomiting, and
rarely, ulcers or bleeding.
4. Hematologic: Rare thrombocytopenia, neutropenia, or even aplastic
anemia.
5. Hepatic: Abnormal liver function tests and rare liver failure.
6. Pulmonary: Asthma.
7. Rashes: All types, pruritus.
8. Renal: Renal insufficiency, renal failure, hyperkalemia, and
proteinuria.

The risk of GI complications with various NSAIDs.

Chemical structures of some NSAIDs.

Figure 41.1 (still)
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Aspirin (acetylsalicylic acid) and
nonacetylated salicylates
sodium salicylate,
magnesium salicylate,
choline salicylate,
sodium thiosalicylate,
sulfasalazine (Azulfidine),
mesalamine (Asacol),
salsalate.
Figure 41.7 (still)
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Pharmacologic properties
1. Salicylates are weak organic acids; aspirin has a pKa of 3.5.
2. These agents are rapidly absorbed from the intestine as well as
from the stomach, where the low pH favors absorption. The rate
of absorption is increased with rapidly dissolving (buffered) or
predissolved (effervescent) dosage forms.
3. Salicylates are hydrolyzed rapidly by plasma and tissue
esterases to acetic acid and the active metabolite salicylic acid.
Salicylic acid is more slowly oxidized to gentisic acid and
conjugated with glycine to salicylic uric acid and to ether and
ester glucuronides.

Pharmacologic properties
4. Salicylates have a t1/2 of 3-6 hours after short-term
administration. Long-term administration of high doses
(to treat arthritis) or toxic overdose increases the 11/2 to
15-30 hours because the enzymes for glycine and
glucuronide conjugation become saturated.
5. Unmetabolized salicylates are excreted by the kidney. If
the urine pH increases to above 8, clearance is increased
approximately fourfold as a result of decreased
reabsorption of the ionized salicylate from the tubules.

Figure 41.12 (still)
Chapter 41 MENU >
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Therapeutic uses
1. Salicylates are used to treat rheumatoid arthritis, juvenile
arthritis, and osteoarthritis, as well as other inflammatory
disorders.
2. Salicylic acid is used topically to treat plantar warts,
fungal infections, and corns; use is based on the
destruction of keratinocytes and dermal epithelia by the
free acid.
3. Aspirin has significantly greater antithrombotic
activity than other NSAIDs and is useful in preventing
or reducing the risk of myocardial infarction in
patients with a history of myocardial infarction, angina,
cardiac surgery, and cerebral or peripheral vascular
disease.

Adverse effects

Adverse effects
1. GI effects
1) are the most common adverse effects of high-dose aspirin use
(70% of patients); these effects may include nausea, vomiting,
diarrhea, constipation, dyspepsia, epigastric pain, bleeding,
and ulceration (primarily gastric).
2) are thought to be due to a direct chemical effect on gastric
cells and a decrease in the production and cytoprotective
activity of prostaglandins, which leads to gastric tissue
susceptibility to damage by hydrochloric acid.

Adverse effects
 Hypersensitivity (intolerance)

1. GI effects
3) may contraindicate aspirin use in patients with an
active ulcer. Aspirin may be taken with prostaglandins
to reduce gastric damage.
4) Substitution of enteric-coated or timed-release
preparations, or the use of nonacetylated salicylates,
may decrease gastric irritation. Gastric irritation is not
prevented by using buffered tablets.

Adverse effects
Miscellaneous adverse effects and contraindications

1) is relatively uncommon with the use of aspirin (0.3% of patients);
hypersensitivity results in rash, bronchospasm, rhinitis, edema, or an
anaphylactic reaction with shock, which may be life threatening. The
incidence of intolerance is highest in patients with asthma, nasal
polyps, recurrent rhinitis, or urticaria. Aspirin should be avoided in
such patients.
2) Cross-hypersensitivity may exist to other NSAIDs and to the yellow
dye tartrazine, which is used in many pharmaceutical preparations.
3) is not associated with sodium salicylate or magnesium salicylate.
4) The use of aspirin and other salicylates to control fever during viral
infections (influenza and chickenpox) in children and adolescents is
associated with an increased incidence of Reye syndrome, an illness
characterized by vomiting, hepatic disturbances, and encephalopathy
that has a 35% mortality rate. Acetaminophen is recommended as a
substitute for children with fever of unknown etiology.

Adverse effects
 Miscellaneous adverse effects and contraindications
3) These agents prolong bleeding time. Aspirin irreversibly inhibits

1) Salicylates occasionally decrease the glomerular
filtration rate, particularly in patients with renal
insufficiency.

platelet COX-1 and COX-2 and, thereby, TXA2 production,
suppressing platelet adhesion and aggregation. The use of salicylates is
contraindicated in patients with bleeding disorders, such as
hypothrombinemia, hemophilia, hepatic disease, and vitamin K

2) Salicylates occasionally produce mild hepatitis,
usually asymptomatic, particularly in patients with
systemic lupus erythematosus, juvenile or adult
rheumatoid arthritis, or rheumatic fever.

deficiency, and use should be avoided in patients receiving
anticoagulants such as coumarin and heparin.
4) Salicylates are not recommended during pregnancy; they may induce
postpartum hemorrhage and lead to premature closure of the fetal
ductus arteriosus.
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Drug interactions

Drug interactions
3. Usual analgesic doses of aspirin (<2 g/day) decrease renal

1. The action of anticoagulants may be enhanced by their

excretion of sodium urate and antagonize the uricosuric effect

displacement by aspirin from binding sites on serum

of sulfinpyrazone and probenecid; aspirin is contraindicated in

albumin. Aspirin also displaces tolbutamide, phenytoin,

patients with gout who are taking uricosuric agents.

and other drugs from their plasma protein-binding sites.
2. The hypoglycemic action of sulfonylureas may be
enhanced by displacement from their binding sites on
serum albumin or by inhibition of their renal tubular

4. Antacids may alter the absorption of aspirin.
5. Aspirin competes for tubular secretion with penicillin G and
prolongs its half-life.
6. Corticosteroids increase renal clearance of salicylates.

secretion by aspirin.
7. Alcohol may increase GI bleeding when taken with aspirin.

Toxicity
1. In adults, salicylism (tinnitus, hearing loss, vertigo) occurs as
initial sign of toxicity after as pirin or salicylate overdose or
poisoning.
2. In children, the common signs of toxicity include hyperventilation
and acidosis, with accompanying lethargy and hyperpnea.

Figure 41.13 (still)

3. Disturbance of acid-base balance results in metabolic acidosis in
infants and young children and in compensated respiratory
alkalosis in older children and adults. Salicylate toxicity initially
increases the medullary response to carbon dioxide, with resulting
hyperventilation and respiratory alkalosis. In infants and young
children, increases in lactic acid and ketone body production
result in metabolic acidosis. With increased severity of toxicity,
respiratory depression occurs, with accompanying respiratory
acidosis.

Chapter 41 MENU >

Toxicity
4. The uncoupling of oxidative phosphorylation by aspirin
results in hyperthermia and hypoglycemia, particularly
in infants and young children.
5. Treatment includes correction of acid-base disturbances,
replacement of electrolytes and fluids, cooling,
alkalinization of urine with bicarbonate to reduce
salicylate reabsorption, forced diuresis, and gastric lavage
or emesis.

Figure 41.11 (still)
Chapter 41 MENU >
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Other nonsteroil anti-inflammatory drugs
1. are used for the treatment of inflammation associated with
rheumatic and nonrheumatic diseases.
2. NSAIDs are absorbed rapidly after oral administration. These
agents are extensively bound to plasma proteins, especially
albumin. They cause drug interactions due to the displacement
of other agents, particularly anticoagulants, from serum
albumin; these interactions are similar to those seen with
aspirin.
3. NSAIDs are metabolized in the liver and excreted by the
kidney; the half-lives of these agents vary greatly (from 1 to 45
h, with most between 10 and 20 h). The required frequency of
administration may influence drug choice because of possible
problems with compliance.

Ibuprofen, naproxen (Naprosyn, Aleve),
fenoprofen (Nalfon), and ketoprofen (Orudis)
1. These agents are propionic acid derivatives.
2. There is no reported interaction of ibuprofen or
ketoprofen with anticoagulants. Fenoprofen has
been reported to induce nephrotoxic syndrome.
3. Long-term use of ibuprofen is associated with
an increased incidence of hypertension in
women.

Other nonsteroil anti-inflammatory drugs
4. These agents commonly produce GI disturbances; they
demonstrate cross-sensitivity with aspirin and with each
other. Other adverse effects, such as hypersensitivity, are
generally the same as for aspirin; the cautions and
contraindications are also similar to those for aspirin.
5. NSAIDs are associated with non-dose-related instances of
acute renal failure and nephrotic syndrome, and they may
lead to renal toxicity in combination with angiotensinconverting enzyme (ACE) inhibitors. Indomethacin,
meclofenamate, tolmetin, and phenvbutazone are generally
more toxic than other NSAIDs.

Naproxen
Naproxen is effective for the usual rheumatologic
indications and is available in a slow-release
formulation, as an oral suspension, and over the counter.
A topical preparation and an ophthalmic solution are also
available.
The incidence of upper gastrointestinal bleeding in overthe-counter use is low but still double that of over-thecounter ibuprofen (perhaps due to a dose effect).
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Ketoprofen

Oxaprozin

Ketoprofen is a propionic acid derivative that inhibits

Oxaprozin is another propionic acid derivative

both COX (nonselectively) and lipoxygenase.

NSAID.

Concurrent administration of probenecid elevates
ketoprofen levels and prolongs its plasma half-life.

Its major difference from the other members of this
subgroup is a very long half-life (50–60 hours),
although oxaprozin does not undergo enterohepatic
circulation.

Sulindac (Clinoril), tolmetin (Tolectin), and
ketorolac (Toradol)

Sulindac

1. Sulindac and tolmetin are pyrrole acetic acid derivatives. Sulindac
is a prodrug that is oxidized to a sulfone and then to the active
sulfide, which has a relatively long t1/2 (16 h) because of
enterohepatic cycling.
2. Tolmetin has minimal effect on platelet aggregation; it is
associated with a higher incidence of anaphylaxis than other
NSAIDs. Tolmetin has a relatively short t1/2 (1 h).
3. Ketorolac is a potent analgesic with moderate antiinflammatory activity that can be administered IV or topically in
an ophthalmic solution.

Sulindac is a sulfoxide prodrug. It is reversibly
metabolized to the active sulfide metabolite, which is
excreted in bile and then reabsorbed from the intestine.
The enterohepatic cycling prolongs the duration of action
to 12–16 hours.

Indomethacin (Indocin)

Tolmetin
Tolmetin is a nonselective COX inhibitor with a short
half-life (1–2 hours) and is not often used.
Its efficacy and toxicity profiles are similar to those
of other NSAIDs with the following exceptions: it is
ineffective (for unknown reasons) in the treatment of
gout, and it may cause (rarely) thrombocytopenic
purpura.

1. is the drug of choice for treatment of ankylosing spondylitis and
Reiter syndrome; it is also used for acute gouty arthritis.
2. is also used to speed the closure of patent ductus arteriosus in
premature infants (otherwise, it is not used in children); it inhibits
the production of prostaglandins that prevent closure of the
ductus.
3. is not recommended as a simple analgesic or antipyretic because of
the potential for severe adverse effects.
4. Bleeding, ulceration, and other adverse effects are more likely
with Indomethacin than with most other NSAIDs. Headache is a
common adverse effect; tinnitus, dizziness, or confusion also
occasionally occurs.
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Acetic acids:
Indomethacin

Oxicam derivatives

Meloxicam
It is a potent nonselective COX inhibitor and may also
inhibit phospholipase A and C, reduce neutrophil
migration, and decrease T-cell and B-cell proliferation.
It differs somewhat from other NSAIDs in its indications
and toxicities.

is an enolcarboxamide related to piroxicam that
preferentially inhibits COX-2 over COX-1,
particularly at its lowest therapeutic dose of 7.5
mg/d.
It is not as selective as celecoxib and may be
considered "preferentially" selective rather than
"highly" selective.

Proxicam (Feldene)
1. Piroxicam is an oxicam derivative of
enolic acid.
2. Piroxicam has t1/2 of 45 hours.
3. Like aspirin and indomethacin,
bleeding and ulceration are more
likely with piroxicam than with other
NSAIDs.

Meclofenamate (Meclomen) and mefenamic acid
(Ponstel)

Nabumetone (Relafen)

1. Meclofenamate and mefenamic acid
have t1/2 of 2 hours.

1. is another chemical class of NSADs, but it has similar effects.
2. is associated with reduced inhibition of platelet function and

2. A relatively high incidence of GI

reduced incidence of GI bleeding.

disturbances is associated with these

3. inhibits COX-2 more than COX-1.

agents.

4. Other NSAIDs include flurbiprofen (Ansaid), diclofenac
(Voltaren), and etodolac (Lodine). Flurbiprofen is also available
for topical ophthalmic use.
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COX-2 selective agents
1.

Celecoxib (Celebrex), rofecoxib (Vioxx), valdecoxib (Bextra), that inhibit COX-2
more than COX-1 have been developed and approved for use. The relative COX2/ COX-1 specificity of these agents is about 10, 35, and 30, respectively.

2.

The rationale behind development of these drugs was that inhibition of COX-2
would reduce the inflammatory response and pain but not inhibit the
cytoprotective action of prostaglandins in the stomach, which is largely
mediated by COX-1.

3.

Concern has arisen due to a doubling in the incidence of heart attack and stroke
in patients taking rofecoxib and valdecoxib. This appears to be classwide adverse
effect, but only rofecoxib and valdecoxib have been removed from the market.
Valdecoxib has also been associated with serious adverse skin reactions. One
possible explanation, as illustrated in Figure 6-3, is that inhibition of COX-2mediated production of the vasodilator PGI2 by endothelial cells, while not
affecting the prothrombotic actions of COX-1 in platelets, increases the chance
of blood clots.

COX-2 selective agents
4. While the incidence of GI adverse effects is reduced with
COX-2 selective inhibitors (especially the frequency of
endoscopically detected microerosions), there have still
been occur rences of serious GI adverse effects with
these agents.
5. Celecoxib remains on the market and is approved for
osteoarthritis and rheumatoid arthritis; pain including
bone pain, dental pain, and headache; and ankylosing
spondylitis.

Figure 41.14 (still)
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COX-2 Selective
Inhibitors
Celecoxib
Celecoxib is a selective COX-2
inhibitor
About 10-20 times more
selective for COX-2 than for
COX-1.
Figure 41.15 (still)
Chapter 41 MENU >
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FDA 認為Celebrex 對一些特殊病人有其幫助, 同意將
Celebrex 留在市場上, 但要求Pfizer 作以下建議:

1. 在標示上增加boxed warning, 警告其心血管副
作用。
2. 盡量使用最小有效劑量, 並減短使用時間
3. 要求在每次交付藥品時給予medication guide,
強調其心血管的副作用。

Valdecoxib
藥品可能增加心血管副作用的問題
美國藥物食品管理局要求 Pfizer 自動
將其COX-2 inhibitor; Bextra
(valdecoxib) 下架, Pfizer 已同意停止
Bextra 在美國境內的行銷活動。

4.要求完成長期試驗, 比較Celebrex 和其他
NSAIDs 的安全性, FDA將會一起和Pfizer 設
計這個長期試驗。

Nonopioid analgesics and antipyretics

Acetaminophen

1. Aspirin, NSAIDs, and acetaminophen are useful for the
treatment of mild-to-moderate pain associated with
integumental structures, including pain of muscles and
joints, postpartum pain, and headache.

1. does not displace other drugs from plasma proteins; it causes
minimal gastric irritation, has little effect on platelet adhesion and
aggregation, and does not block the effect of uricosuric drugs on uric
acid secretion.

2. These agents have antipyretic activity and, except for
acetaminophen, have anti-inflammatory activity at higher
doses.

2. has no significant anti-inflammatory or antiuricosuric activity.

3. These agents act by an unknown mechanism to reduce
pain and temperature. Their peripherally mediated
analgesic activity and centrally mediated antipyretic
activity are correlated with the inhibition of
prostaglandin synthesis.

4. is a substitute for aspirin to treat mild-to-moderate pain for selected
patients who are intolerant to aspirin, have a history of peptic ulcer
or hemophilia, are using anticoagulants or a uricosuric drug to
manage gout, or are at risk for Reye syndrome. Acetaminophen can
be administered in pregnancy with greater safety than aspirin.

3. is administered orally and is rapidly absorbed. It is metabolized by
hepatic microsomal enzymes to sulfate and glucuronide.

Acetaminophen
5. Overdose with acetaminophen results in accumulation of a minor
metabolite, N-acetyl-p- benzoquinone, which is responsible for
hepatotoxicity. When the enzymes for glucuronide and sulfate
conjugation of acetaminophen and the reactive metabolite become
saturated, an alternative glutathione conjugation pathway
(cytochrome P-450 dependent) becomes more important. If hepatic
glutathione is depleted, the reactive metabolite accumulates and
may cause hepatic damage by interaction with cellular
macromolecules, such as DNA and RNA. Overdose is treated by
emesis or gastric lavage and oral administration of Nacetylcysteine within 1 day to neutralize the metabolite.
Figure 41.16 (still)
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Thank you for your listening

Figure 41.8 (still)
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