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#23-24 - NSAIDs: 
Non-Steroidal Anti-Inflammatory drugs

Neil A. Clipstone, Ph.D.
Department of Pharmacology

Background
• NSAIDs: Overview and clincial use

• Targets of NSAIDs: The Cyclooxygenase (COX) enzymes

• The role of prostaglandins in inflammation, pain & fever

• The role of prostaglandins in housekeeping functions

The Pharmacology of NSAIDs
• Aspirin and the Salicylates

• Traditional non-selective NSAIDs e.g. Ibuprofen

• Coxibs: Selective COX-2 inhibitors e.g. Celecoxib

• Related Non-NSAID Analgesic - Acetaminophen

Lecture Overview

NSAIDs: Overview and General Uses
Treatment of: Inflammation (Anti-Inflammatory)

Fever (Anti-Pyretic) 
Pain (Analgesia)

NSAID Facts:
• NSAIDs are amongst the most widely prescribed and used drugs in the US 

• 1 in 7 Americans treated with NSAIDs for a  chronic Rheumatologic disorder

• >80 million NSAID prescriptions written/year - ~4.5% of all prescriptions

• >30 billion OTC sales of NSAIDs/year

• >1% of Americans use NSAIDs on a daily basis

However, there are significant risks of adverse effects with NSAID use:
• NSAIDs-induced adverse effects result in >100,000 hospitalizations, 
~16,500 deaths and ~45% of drug-related emergency room visits per year

• ~33% of Hospitalizations for GI bleeds are caused by NSAIDs

• 20-30% of hospitalizations of patients over the age of 60 are due to 
complications from NSAID use

Therapeutic Applications of NSAIDs
1. Mild to moderate pain associated with inflammation

2. Chronic inflammatory diseases: a) Rheumatoid Arthritis
b) Osteoarthritis 
c) Acute gout

3. Localized muscoskeletal syndrome: sprains, strains and lower back pain

4. Pain relief - headache and migraine
- metastatic bone cancer pain 
- post-operative pain/dental procedures

5. Fever reduction - e.g. common cold/influenza

6. Dysmenorrhoea/menstrual cramps

7. Prophylactic treatment of Colon cancer 

8. Aspirin-Specific Use: Prophylactic treatment to reduce the risk of
myocardial infarction and stroke by inhibiting platelet aggregation
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Inflammation: A brief review
• Non-specific response to tissue damage and/or infection

• Caused by the release of local inflammatory mediators
- e.g. cytokines, Prostaglandins and other mediators

• Characterized by pain, heat , swelling and redness of the tissues
- Blood vessel dilation results in increased blood flow
- Recruitment of inflammatory cells e.g. neutrophils, monocytes, T cells
- Augmentation of local and systemic pain receptors
- Generation of local heat 
- Potentially leading to induction of a systemic fever response

• Intended to attenuate infection and/or local tissue damage in preparation 
for subsequent tissue repair and healing.

• However, chronic inflammation (e.g. autoimmunity) can result in significant 
tissue damage and can have a profound effect on general health and lifestyle

e.g. rheumatoid arthritis

Central role of prostaglandins in the 
inflammatory response

Inflammatory cell
e.g. macrophage

Inflammatory Mediators
e.g. Cytokines & Prostaglandins

Inflammatory
Stimuli

InflammationPain Fever

N.A.C

Prostaglandin synthesis is dependent upon 
Cyclooxygenase (COX) enzymes

N.A.C

Arachidonic Acid

Cyclooxygenase
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PGG2
b) Peroxidase

Biological Response

RATE-LIMITING
STEP

COX enzymes catalyze both
Cyclooxygenase and Peroxidase

reactions 

Arachidonic Acid

Phospholipase A2

Plasma
Membrane

Phospholipids

N.A.C
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NSAIDs

NSAIDs block
PG synthesis
By inhibiting

COX enzymes

NSAIDs act by inhibiting COX-dependent 
Prostaglandin synthesis

PG

↓ Inflammation
↓ Pain
↓ Fever

Cyclooxygenase
Enzymes

(PGH2 synthase)

But also ↑ Adverse Effects
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NSAIDs: Mechanism of Action
1. All NSAIDs work by inhibiting the activity of  cyclooxygenase enzymes 

2. There are two distinct cyclooxygenase (COX) enzymes: COX-1 & COX-2. 
Both enzymes catalyze the conversion of membrane-derived 
Arachidonic Acid into Prostaglandins and Thromboxane

3. Prostaglandins and Thromboxane are a diverse set of potent lipid 
mediators that act in either a paracrine or autocrine fashion to regulate 
numerous homeostatic and inflammatory processes.

4. COX-1 is associated with regulating homeostatic functions, whereas 
COX-2 is primarily associated with the regulation of inflammatory 
responses.

5. NSAIDs inhibit the production of Prostaglandins and Thromboxanes
by preventing the binding of the arachidonic acid substrate to the 
active site of either COX-1 or COX-2.

6. Different NSAIDs exhibit specificity towards either COX-1 or COX-2
i.e aspirin inhibits COX-1 & COX-2, but celecoxib is selective for COX-2

Cyclooxygenase Enzymes: Expression and Function

N.A.C

Subcellular location

COX-1 COX-2

Expression Constitutive Inducible in many cell types

Tissue Location Ubiquitous

Induced by inflammatory stimuli in
macrophages, monocytes, synoviocytes
chondrocytes, fibroblasts, osteoblasts

and endothelial cells 
-also expressed constitutively at 

low levels in kidney, endothelium, 
brain, ovaries, uterus & small intestines

Endoplasmic Reticulum Endoplasmic Reticulum

Functional Role
General housekeeping:

Protection and maintenance
of different tissues

Pro-inflammatory responses, 
Signaling & mitogenesis

Induction Generally no induction
Induced by many pro-inflammatory
and other stimuli e.g. LPS, TNF-α, 

IL-1, IFN-γ, EGF, PDGF, FGF, TGFβ

Inhibitors Aspirin & NSAIDs
Aspirin, NSAIDs and

selective COX-2 inhibitors

Distinct physiological roles of COX-1 and COX-2

Arachidonic
Acid

COX-1 COX-2

Constitutive

Inflammatory
Stimuli

Housekeeping Functions
Platelet regulation (blood clotting)

Kidney Function
Regulation stomach acid/mucous production

Inflammation

Pain Heat Swelling
N.A.C

Inducible

Constant
Low level

PG production

Acute
High level

PG production

Pathophysiological functions of COX-2

Increased COX-2 activity promotes:

A) Inflammation

B) Pain

C) Fever

Mediated by
the actions of
COX-2-derived
Prostaglandins
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(A) Physiological functions of Prostaglandins:Inflammation

Inflammatory cell

NSAIDs
↑COX-2

Inflammatory
Stimuli

Profound 
Prostaglandin

production
↑Blood dilation

↑ Blood flow

Redness

PGE2/PGI2

Inflammation

↑ Migration of
phagocytes

PGE2 ↑ Vascular Permeability

↑ edema

PGE2

Swelling

N.A.C

(B) Physiological functions of Prostaglandins: Pain

PGs do not generate pain responses themselves but increase responses 
to painful stimuli

PG affect pain response in 3 main ways:

1. PG production caused by COX-2 upregulation in inflammatory cells 
affects peripheral sensitization of primary afferent neurons by 
lowering their activation threshold to pain stimuli 
i.e. mechanical, chemical, thermal

2. Inflammatory cytokines induce expression of COX-2 in the dorsal horn 
neurons resulting in the production PG that act as pain-producing 
neuromodulators in the spinal cord where they act to enhance the 
depolarization of secondary sensory neurons.

3. PGs increase recruitment of leukocytes to site of inflammation resulting 
in the release of additional inflammatory mediators.

Inflammatory cell
↑COX-2

Inflammatory
Stimuli

NSAIDs
Prostaglandin

Production

Primary Afferent 
Neurons

↓Activation threshold
for pain stimuli

(e.g. chemical, mechanical & thermal)

Peripheral Pain Sensitization

PGE2

Bradykinin production/
Cytokine Secretion

(e.g. TNF-α/IL-1)

Dorsal Horn Neurons
↑COX-2

Prostaglandin
Production

PGE2 receptors
Dorsal Horn Neurons

Enhanced depolarization
Secondary sensory neurons

Central Pain sensitization

PGE2

N.A.C

(C) Physiological functions of Prostaglandins: Fever

COX-2

PGE
synthase

Fever

Systemically produced
Inflammatory mediators

in the blood
e.g. IL-1

Endothelial cells lining 
blood vessels of the 

hypothalamus

Blood
Brain Barrier

In response to systemically produced inflammatory mediators (e.g. IL-1/TNF), 
endothelial cells lining the hypothalamus produce PGE2, which then acts on 
the thermoregulatory center of the hypothalamus to cause fever.

N.A.C

NSAIDs

PGE2

Thermoregulatory 
Center of 

Hypothalamus
Median Prepotic

Nucleus/
OrganumVasculosom

LaminaTerminalis
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Housekeeping functions of COX-1

A) The GI Tract

B) The Cardiovascular system

C) The Kidney

D) Female Reproduction

E) The Ductus Arteriosus

Important for understanding Adverse effects of NSAIDs!!!

COX-1 COX-2
Non-selective

NSAIDs
Therapeutic

Effects
Adverse
Effects

Housekeeping functions of Prostaglandins
A. The GI Tract

1. COX-1 is the predominant isoform expressed in the stomach and produces 
PG constitutively 

2. PGE2/PGI2 are cytoprotective for the stomach and limit damage to the stomach 
lining caused by gastric acid and digestive enzymes

3. Inhibition of COX-1 in the stomach is the cause of significant adverse effects
of NSAIDs

N.A.C

COX-1

PGE2/PGI2

↑Gastric mucous
production

Gastric acid
secretion

↑Vasodilation

↑Gastric blood
flow

↑Gastric bicarbonate
production

The role of PGs in 
Gastric Cytoprotection

Housekeeping functions of Prostaglandins (II)
B. The Cardiovascular system
1. PG are very important in the regulation of the cardiovascular system.

2. Platelets express only COX-1 and produce principally TXA2 (thromboxane)
TXA2 - vasoconstrictor

- promotes platelet aggregation and activation

3. Endothelial cells express COX-1 and COX-2, but lack TXA2 synthase
- they primarily produce PGI2 (prostacyclin)

PGI2 - vasodilator
- inhibits platelet aggregation

N.A.C

TXA2/PGI2 balance regulates systemic blood pressure and thrombogenesis

TXA2/PGI2 
Imbalance

↑ Hypertension
↑ Ischemia
↑ Thrombosis
↑ MI & stroke

TXA2 PGI2
Pro-thrombotic/
vasocontrictor

Anti-thrombotic/
vasodilator

↑ Vasoconstriction
↑ Platelet aggregation

C. Kidney
- both COX-1 and COX-2 are constitutively expressed in the kidney

- PGs increase - glomerular filtration rate
- water and sodium excretion

- PGs promote vasodilation in the kidney, thereby increasing 
renal blood flow and preventing renal ischemia 

- especially important in disease states (e.g. HF and renal disease) 
to counteract the  presence of vasoconstrictors

Housekeeping functions of Prostaglandins (III)

Increased
Vasoconstrictors

e.g. Angiotensin II
Catecholamines

Vasopressin •Vasodilatory activity of PGs antagonize 
the actions of disease-induced vasoconstrictors 

and help maintain normal renal blood flow

↑PG synthesis
Renal 

Disease

Heart
Failure

Adapted from Lippincott’s Illustrated Reviews: Pharmacology, 3rd Edition, Fig 41.6, pp500
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D. Female Reproduction
• Overproduction of PGE2/PGF2α during menstruation can lead to dysmenorrhea

• PGE2/PGF2α production stimulates uterine contraction and plays a role in birth 
- hence NSAIDs use may delay labor

E. Fetal opening of the Ductus Arteriosus
• Fetal structure that allows blood to shunt from the pulmonary artery to the aorta 

thereby bypassing circulation to the lungs
N.B. fetus receives oxygen from the placenta not the lungs

Housekeeping functions of Prostaglandins (IV)

• The ductus is kept open during fetal life 
via the actions of prostaglandins.

• NSAID treatment during pregnancy may 
therefore prematurely close the ductus
and adversely affect fetal circulation

• At birth the ductus normally closes 
spontaneously

• NSAIDs can be used in the newborn to 
promote closure of a patent ductusOriginal Image can be found at: 

http://health.yahoo.com/topic/heart/overview/article/mayoclinic
/5312A58D-2A5D-9994-EB64986135463DFA

Right lung

LV
RV

RA

LA

Aorta Patent
Ductus

arteriosus

Pulmonary
Artery

Left lung

Pharmacology of the NSAIDs

1. Aspirin and Salicylates

2. Traditional non-selective NSAIDs

3. Coxibs: Selective COX-2 inhibitors

Inhibit both
COX-1 and COX-2
to varying degrees

Selectively inhibit 
only COX-2

Types of NSAIDs

1. Aspirin and Salicylic Acids
Aspirin (Bayer®)
Diflusinal (Dolobid®)
Salsalate (Disalcid®)

2. Non-selective and Traditional NSAIDs
Ibuprofen (Advil®/Motrin®/Nuprin®)
Naproxen (Aleve®/Anaprox®/Naprosyn®)
Oxaprozin (Daypro®)
Ketoprofen (Actron®)
Indomethacin (Indocin®) 
Diclofenac (Cataflam®)
Sulindac (Clinoril®) 
Ketorolac (Toradol®)
Tolmetin (Tolectin®)
Meloxicam (Mobic®)
Piroxicam(Feldene®/Fexicam®)
Meclofenamate (Meclomen®)
Mefenamic acid (Ponstel®)
Nabumetone (Relafen®)
Etodalac (Lodine®)

3. COX-2 Inhibitors
Celecoxib (Celebrex®)
Rofecoxib (Vioxx®) - withdrawn Dec 2004
Valdecoxib (Bextra®) - withdrawn April 2005

Commonly Used NSAIDs

• All have essentially the same mechanism of action

• Most have similar adverse effects

• Only subtle differences between drugs

• More important that you appreciate the differences 
between the three  distinct types of NSAIDs
rather than the specific features of each individual drug!

Aspirin-The Prototypical NSAID
• Aspirin- Acetylsalicylic Acid is a weak acid with pKa = 3.5

• The acidic environment of the stomach maintains Aspirin in its protonated, 
neutral form that can readily cross the plasma membrane

• Rapidly absorbed in stomach and upper small intestine

• Short serum half life - ~15-20 mins

• Metabolized by serum esterases to Salicylic acid + acetic acid

• Both Aspirin and Salicylic acid exhibit anti-inflammatory activity

COOH

OCOCH3

Acetylsalicylic Acid
Aspirin

Salicylic
Acid

COOH

OH

+ Acetic Acid

Rapidly
Metabolized 

in serum

N.A.C
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Aspirin-Mechanism of Action
• Aspirin is a non-selective inhibitor of COX activity inhibiting both COX-1 and COX-2

• Unique mechanism of action compared to all other NSAIDs

• Aspirin irreversibly inhibits COX-1 by acetylating Ser 530 close to Tyr 350 in the 
active site of COX-1 and thereby inhibits the binding of the arachidonic acid substrate

• Aspirin also acetylates COX-2, although is a much less potent inhibitor because 
the COX-2 active site is larger and more flexible than the corresponding site in COX-1
and can still accommodate the arachidonic acid substrate.

• Salicylate cannot acetylate COX enzymes and is therefore a much less potent 
COX inhibitor -it acts as a simple competitive antagonist of arachidonic acid binding

COOH
OCOCH3

Salicylic
Acid

COOH
OH

COX
Active

COX
Inactive

OCOCH3

Acetylsalicylic Acid
Aspirin

N.A.C 2005

1. Treatment of mild to moderate pain 

2. Inflammatory diseases e.g. Rheumatoid Arthritis 

3. Fever reduction

4. Prophylactic prevention of cardiovascular events i.e. MI and stroke
- Unique Indication for Aspirin

5. Cancer chemoprevention: frequent use of aspirin associated with a 
50% decrease in the risk of colon cancer

Aspirin Indications

Aspirin Dosage
Anti-platelet activity: 81 mg/day 

Analgesic/Anti-pyretic: ~ 2, 400 mg/day

Anti-inflammatory: 4, 000-6,000 mg/day

Use of low dose Aspirin in treatment of CVD
Low dose Aspirin (81mg/day) is used:

a) as a prophylactic treatment for the primary prevention of stroke and 
myocardial infarction in individuals at moderate to high risk of CVD

b) as a treatment in acute occlusive stroke

c) as secondary prevention of CVD after:  (i) an myocardial infarction 
(ii) an occlusive stroke
(iii) a transient ischemic attack
(iv) stable angina 
(v) a coronary heart bypass

Extensive clinical studies have shown that this treatment has a significant 
effect on reducing future cardiovascular events, as well as decreasing
overall mortality

Mechanism of Action of low-dose Aspirin in the 
treatment of cardiovascular disease

• At low doses Aspirin acetylates COX-1 in platelets, permanently inhibiting its
activity and thereby preventing the production of the platelet-derived 
pro-thrombogenic agent TXA2

• Because platelets lack the ability to re-synthesize COX-1 this inhibition is very
long lasting and acts for the lifetime of the platelet (7-10 days).

• Since endothelial cells are able to re-synthesize COX-1, this low level of Aspirin 
does not significantly affect the production of endothelium-derived PGI2 
(an inhibitor of platelet aggregation), due to the continual synthesis of de novo COX-1.

• By inhibiting TXA2 production and sparing 
the synthesis of PGI2, aspirin promotes 
an anti-thrombogenic environment

• At high anti-inflammatory doses of Aspirin the anti-platelet effect of inhibiting 
TXA2 is offset by the increased inhibition of endothelium-derived PGI2.

• Other traditional NSAIDs also inhibit COX-1 in platelets, but because their inhibition 
is reversible their actions are not as effective or long lasting as those of Aspirin

TXA2

PGI2

Pro-thrombotic

Anti-thromboticLow-dose
Aspirin

N.A.C
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Other Salicylates
• Sodium thiosalicylate
• Choline salicylate
• Magnesium salicylate
• Methyl salicylate (Oil of Wintergreen: Muscle liniment)
• Salsalate
• Diflunisal

Note:
Unlike Aspirin, these salicylates are non-acetylated and 
Consequently do not irreversibly inhibit COX-1, hence these 
drugs may be preferable for use in patients with increased risk 
of GI complications or those that are at increased risk of  
bleeding (e.g. hemophiliacs).

Pharmacokinetics of the Salicylates (I)
• Non-ionized salicylates are rapidly absorbed from the stomach and upper 
small intestine

• Salicylates enter the serum in 5-30 mins and reach peak serum 
concentrations in 1-2 hrs

• All Salicylates (except for diflunisal) cross the blood brain barrier and 
the placenta

-hence diflunisal is ineffective as an anti-pyretic agent

• Salicylates are 50-90% protein bound
- i.e. can affect binding of other drugs e.g. warfarin

• Salicylates are metabolized in the liver to water soluble glycine- and 
phenolic-conjugates that are rapidly cleared by the kidney

• Excretion of free salicylate is extremely variable and depends on the dose
and the pH of the urine. 

Pharmacokinetics of the Salicylates (II)
• At normal low doses, salicylates are eliminated with 1st order kinetics and 
exhibit a serum half life of ~3.5 hrs

• At inflammatory doses (>4g/day), the hepatic metabolic enzymes become 
saturated and Salicylate is then eliminated with zero order kinetics and a 
serum half life of >15-30 hrs

• Alkalinization of the urine increases the rate of Salicylate excretion
-This is useful in the treatment of Salicylate overdose, as 
alkalanization of the urine will act to promote Salicylate excretion 
and decrease the serum Salicylate concentration

• The urinary excretion of Salicylate can affect uric acid clearance:
- At low doses (< 2 g/d) Aspirin decreases uric acid excretion by
inhibiting anion transporters in the renal tubules, thereby 
increasing the serum uric acid concentration leading to 
the potential precipitation of gout in pre-disposed individuals

- At high doses (> 4g/d) Aspirin blocks reabsorption of uric acid by
the proximal tubules, thereby promoting uric acid excretion in the urine 

Aspirin and the Salicylates: Adverse Effects (I)
1. GI toxicity:
• Most common adverse effect of all NSAIDs >100,000 patients hospitalized /yr

• Epigastric distress, nausea and vomiting

• GI bleeding (5-10% mortality rate)

• Aggravates and promotes development of Gastric and Duodenal Ulcers 

• Gastric damage caused by two effects: 
a) direct damage to gastric epithelial cells caused by ion-trapping of aspirin
b) the inhibition of PG synthesis which is cytoprotective for the stomach

• Effects can be ameliorated by co-administration of: Misprostol- a PGE1 analog
Omeprazole- proton pump blocker

COX-1

PGE2/PGI2

↑Gastric mucous
production

Gastric acid
secretion

↑Vasodilation

↑Gastric blood
flow

↑Gastric bicarbonate
production

The role of PGs in 
Gastric Cytoprotection

Aspirin

N.A.C
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Aspirin and the Salicylates: Adverse Effects (II)
2. Kidney
Hemodynamically-mediated acute renal failure
• Caused primarily in patients with underlying kidney disease or conditions 
of volume depletion such as heart failure or cirrhosis

- Especially problematic in the elderly

• Not typically seen in normal individuals because PG do not play a major 
role in renal hemodynamics under normal non-pathological conditions

• In the disease state the levels of vasodilatory PGs are increased to 
counteract the effects of disease-induced vasoconstrictors

• Aspirin treatment inhibits PG synthesis allowing the vasoconstrictors to 
act unopposed leading to decreased renal blood flow, renal ischemia
and ultimately acute renal failure

• Usually reversible following discontinuation of the drug

• Aspirin inhibits PG synthesis
• Allows vasoconstrictors to act

unopposed

VASOCONSTRICTION
Decreased Renal blood flow

Increased Renal ischemia
↑ Risk Acute Renal Failure

Patient
treated 

with Aspirin

Increased
Vasoconstrictors

e.g. Angiotensin II
Catecholamines

Vasopressin

Decreased Renal 
Blood Flow

Decreased
Blood Volume

Renal Disease
Cardiovascular

Disease

• Cirrhosis
• Nephrosis
• Heart Failure
• Diuretics

Disease State

Effect of Aspirin (and other NSAIDs) on Renal function

• Increased renal PG synthesis 
• Vasodilatory activity of PG

antagonizes the actions of 
vasoconstrictors and maintain
normal renal blood flow

Untreated

Effects on Renal Blood Flow

PG
PGPGPG

Adapted from Lippincott’s Illustrated Reviews: Pharmacology, 3rd Edition, Fig 41.6, pp500

NSAIDs ALSO
• ↓GFR
• ↓H20/Na+ excretion
• Exacerbate pre-existing

hypertension/HF

3. Increased Bleeding:
• By blocking platelet TXA2 production aspirin prolongs the bleeding time

• Contraindicated in hemophiliacs and patients about to undergo surgery

4. Exacerbation of hypertension and heart failure
• Not seen with low-dose Aspirin, only with high-dose Aspirin

• High-dose Aspirin promotes vasoconstriction, which can lead to increased 
blood pressure in patients with pre-existing hypertension

• Increased vasoconstriction can also increase cardiac afterload resulting 
in further decreased cardiac output in patients with pre-existing HF

5. Reye’s Syndrome- unique Aspirin side effect
• Reye’s Syndrome is a rare, often fatal, liver degenerative disease with 

associated encephalitis

• It is associated with aspirin given during a febrile viral infection
in young children and adolescents (e.g. chickenpox or influenza)

• Not seen with other NSAIDs, ONLY with Aspirin

Aspirin and the Salicylates: Adverse Effects (III)

6. Hypersensitivity:
• ~15% of patients taking Aspirin exhibit an airway hypersensitivity 
reaction (present in ~20% of asthmatics)

• Exposure leads to a rapid often severe asthma attack within 30-60 mins

Symptoms can include:  - Wheezing and Severe airway obstruction 
- Ocular and Nasal congestion
- Facial flushing
- Angioneurotic edema

• However, fatal anaphylatic shock is rare

• Aspirin-sensitive patients are also reactive to other NSAIDs
e.g. indomethacin, naproxen and ibuprofen

• Not caused by an immunological hypersensitivity reaction, but is thought
to result from increased production of leukotrienes due to build up of 
Arachidonic Acid

Aspirin and the Salicylates: Adverse Effects (IV)
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Aspirin and Salicylate Intoxication
1. Although widely used and relatively safe at normal doses, excessive 

consumption of Aspirin is very toxic and can result in death

2. Aspirin intoxication occurs with doses of >10-30 g (adult) or >3 g (child) 
e.g. 1 teaspoon of methylsalicylate contains 7g salicylate
Toxicity can also occur with topical application of salicylates

3. Mortality from Salicylate intoxication: Acute 2%; Chronic 25%

Symptoms:
Early: nausea and vomiting, abdominal pain, lethargy, tinnitus and vertigo

Later: hyperthermia, hyperventilation, respiratory alkalosis, 
metabolic acidosis, hypoglycemia, agitation, hallucinations & confusion,
tremors, seizure, cerebral edema, coma and death

Mechanism:
• Salicylates trigger increased respiration resulting in an initial respiratory 

alkalosis followed by a compensatory metabolic acidosis

• Acidified blood promotes transport of salicylate into the CNS resulting in 
direct toxicity, cerebral edema, coma, respiratory depression and death 

Treatment of salicylate toxicity

Mild
- symptomatic treatment

- administration of sodium bicarbonate counteracts the 
metabolic  acidosis and increases urinary pH 
enhancing the elimination of salicylate

Severe
- gastric lavage, 

- administration of IV fluids and dialysis

2. Traditional NSAIDs

• All Traditional NSAIDs are competitive inhibitors of COX activity 

• All traditional NSAIDs work by inhibiting prostaglandin synthesis

• They are mostly non-selective inhibitors of both COX-1 and COX-2

• All exhibit anti-inflammatory, anti-pyretic and analgesic effects

• Indications include:
- mild to moderate pain
- Fever
- Inflammation associated with Rheumatoid Arthritis, 
osteoarthritis and related diseases

Pharmacokinetics of traditional NSAIDs

1. Most traditional NSAIDs are weak acids and are well absorbed in the 
stomach and upper intestine following oral administration

2. Highly protein bound 90-95%- therefore can interact with other 
protein-binding drugs

e.g. warfarin

3. Specifically accumulate in the synovial fluid and at other sites of 
inflammation 

- i.e. ideally suited for the treatment of arthritis

4. Metabolized by the liver

5. Mostly excreted by the kidney
- drugs can accumulate in patients with renal disease
resulting in an increased risk of adverse effects
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Key Features of Selected Traditional NSAIDs
Ibuprofen - Equipotent with Aspirin and better tolerated 

- potent analgesic and anti-inflammatory properties
- Rapid onset of action 15-30 mins- ideal for treatment of fever 
and acute pain

- GI and bleeding occurs although less than with Aspirin
- often prescribed in lower OTC doses (<2,400 mg/d) for analgesia

N.B. at this dose it does not have anti-inflammatory properties

Naproxen - 20X more potent than aspirin
- rapid onset of action 60 mins -ideal for anti-pyretic use
- long serum half life of 14 hrs- allows for twice daily dosing
- low incidence of GI bleeding
- Considered to be one of the safest NSAIDs

Oxaprozin - Slow onset of action ~6hrs
- v. long serum half life of 50-60 hrs allows for once daily dosing
- mildly uricosuric (i.e. increases secretion of uric acid) therefore 

potentially more useful in treatment of gout

Indomethacin - 10-40X more potent than Aspirin as an anti-inflammatory
- also inhibits neutrophil mobility
- not tolerated as well as ibuprofen- toxicity limits use
- ~50% of users experience side effects, ~20% discontinue

esp. CNS i.e. dizziness, anxiety & confusion
- can delay labor by suppressing uterine contractions
- used to promote closure of patent ductus arteriosus

Sulindac - Equipotent to Aspirin
- closely related to indomethacin- less potent/less adverse effects

Diclofenac - more potent anti-inflammatory than indomethacin and naproxen
- relatively selective for COX-2
- Increased heart/stroke risk similar to Vioxx (↑40%)
- liver damage reported to occur more commonly than other NSAIDs

Ketorolac - relatively weak anti-inflammatory activity
- used mainly as an IV analgesic for post-surgical pain
- can be used as a replacement for opioid analgesics e.g. morphine

Key Features of Selected Traditional NSAIDs (II)

Piroxicam - non-selective COX inhibitor
- Delayed onset of duration 3-5 hrs and long half life of 57 hrs
- increased peptic ulcers/bleeding (~ 9.5X c.f. other NSAIDs)

Meloxicam - structurally related to Piroxicam
- associated with fewer GI symptoms and complications
- preferentially inhibits COX-2 - not as selective as the Coxibs
- associated with increased risk of heart attack & stroke

Nabumetone - ketone pro-drug oxidized in vivo to active form
- Clinically proven to be efficacious in arthritis and osteoarthritis
- relatively low incidence of side effects esp GI
- some COX-2 selectivity
- long half life (22-30 hrs) allows for once a day dosing
- very expensive

Key Features of Selected Traditional NSAIDs (III) NSAIDs: Adverse Effects

1. GI PROBLEMS - single biggest adverse effect of NSAID treatment
- Nausea and Dyspepsia
- Diarrhoea
- Ulceration/bleeding- risk increases with dose and duration
- Caused by inhibition of COX-1 in the stomach and reduction of cytoprotective PGs
- NOT caused by Celecoxib due to lack of COX-1 inhibition!

COX-1

PGE2/PGI2

↑Gastric mucous
production

Gastric acid
secretion

↑Vasodilation

↑Gastric blood
flow

↑Gastric bicarbonate
production

The role of PGs in 
Gastric Cytoprotection

NSAID
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NSAIDs: Adverse Effects (II)
2 RENAL

(A) NSAID-induced vasoconstriction (most common)
- Decreased renal blood flow -due to inhibition of vasodilatory PG production
- Increased salt and fluid retention - adversely affects hypertension
- Caused in part by inhibition of COX-2 constitutively expressed in the kidney

(B) NSAID-induced acute interstitial nephritis and the nephrotic syndrome
- Rare, but clinically important (~15% of patients hospitalized for renal failure)
- drug-induced kidney failure associated with inflammatory cell infiltration
- typically occurs after several months of exposure - Mechanism unknown
- associated with the nephrotic syndrome from minimal change disease
- most common in the elderly and in women
- Symptoms include: Nausea, vomiting, malaise ,WBC in the urine and proteinuria
- Spontaneous recovery typically occurs weeks after drug discontinuation

(C) NSAID-induced chronic interstitial nephritis/Analgesic Nephropathy
- slowly progressive renal failure leading to end-stage renal disease
- associated with chronic daily overuse of NSAIDs over many years
- often history of chronic lower back pain, migraine, chronic muscoskeletal pain 
- can occur with all NSAIDs, but is particularly associated with drug combinations 

3. CARDIOVASCULAR
- Modest worsening of underlying hypertension
- Can interfere with beneficial anti-platelet effects of aspirin (take hrs apart)
- Not associated with 1st occurrence HEART FAILURE, but can worsen
pre-existing disease due to ↑afterload from systemic vasoconstriction

4. LIVER
- Elevated liver enzymes common
- Liver failure rare
- ↑Risk with sulindac 27/100,000 prescriptions

5. ANTI-PLATELET EFFECT (i.e. increased risk of bleeding)
- all NSAIDs except celecoxib inhibit platelet activation (inhibition of COX-1)
- avoid NSAID use in patients with pre-existing platelet deficiency
- avoid NSAID use prior to surgery for at least 4-5x drug t1/2 (1 week for aspirin)

6. NSAID HYPERSENSITIVITY
- can occur in susceptible patients
- vasomotor rhinitis, fever, rash, urticaria, flushing, angiodema, 
bronchoconstriction pulmonary infiltrate and asthma

NSAIDs: Adverse Effects (III)

7. CNS
- Tinnitus -common
- Aseptic meningitis (non-infectious brain inflammation)- ↑risk in Lupus patients
- Psychosis & cognitive dysfunction- more common in elderly/indomethacin

8. SKIN REACTIONS 
- associated with potentially life threatening skin conditions (rare)
- Toxic epidermal necrolysis & Stevens-Johnson syndrome (mucosal blistering)
- Piroxicam highest risk- 1/100,000 patients

9. PSEUDOPORPHYRIA/PHOTOSENSITIVITY
- blistering in sun-exposed areas
- due to chemical nature of NSAIDs in the skin absorbing UV
- e.g. ibuprofen, ketoprofen, naproxen, ketorolac, piroxicam, diclofenac

10. PREGNANCY
- associated with increased rate of miscarrriage
- can promote premature closure of the ductus arteriosus
- can delay labor
- NSAID use late in pregnancy associated with post-partum hemorrhage

NSAIDs: Adverse Effects (IV) 3. Coxibs: Selective COX-2 inhibitors

1. To overcome the adverse effects commonly associated with the 
traditional NSAIDs, drugs that selectively inhibited COX-2, but not COX-1, 
were developed.

Rationale:
such drugs should exhibit COX-2 mediated anti-inflammatory effects 
without the adverse effects associated with Aspirin and the 
traditional NSAIDs (e.g. ibuprofen, naproxen and indomethacin)

2.   Three selective COX-2 inhibitors were developed and brought to market:

Celecoxib (Celebrex®)
Rofecoxib (Vioxx®)- withdrawn Dec ‘04 
Valdecoxib (Bextra®)- withdrawn April ‘05}-increased incidence of 

cardiovascular events 
(MI & stroke)
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Celecoxib
Celecoxib: Properties
- selectively inhibits COX-2 NOT COX-1

- anti-inflammatory, anti-pyretic and analgesic properties similar to other NSAIDs

- Associated with fewer GI side effects (does not inhibit COX-1 in the stomach)

- No effect on platelet aggregation (does not inhibit COX-1) 

- exhibits similar renal toxicities to traditional NSAIDs due to constitutive expression
of COX-2 in the kidney

- Maybe associated with increased risk of cardiovascular events, especially at 
higher doses

Celecoxib:Indications
- mainly for the treatment of rheumatoid arthritis & osteoarthritis

- However, no evidence that Celecoxib is any more efficacious than other NSAIDs

- may be indicated in patients with increased risk of GI complications

- due to potential CVD risk, celecoxib is NOT recommended as a 1st choice NSAID
Especially in patients with pre-existing CVD or at increased CVD risk

1. Several large clinical trials have shown that both Rofecoxib & Valdecoxib are 
associated with a significant risk of increased cardiovascular events (MI & stroke)
- This has led to both drugs being withdrawn from the market
- Also observed with Diclofenac and Meloxicam & other COX-2 selective NSAIDs

2. This increase in cardiovascular risk is believed to be caused by the selective inhibitory
effect of the COX-2 inhibitors on the endothelial cell production of PGI2 (prostacyclin)

- N.B. COX-2 is constitutively expressed in the endothelium

COX-2 inhibitors and increased CVD risk

TXA2 PGI2
Anti-thromboticPro-thrombotic

Normal Low Dose Aspirin

NSAID COX-2 inhibitor

N.A.C 2005

TXA2
PGI2

Anti-thrombotic

Pro-thrombotic

TXA2
PGI2Anti-thrombotic

Pro-thromboticPGI2Anti-thrombotic
TXA2
Pro-thrombotic

Decreased Cardiovascular Risk

Increased Cardiovascular Risk

General Contraindications for all types of NSAIDs
1. Patients with a history of GI ulcers (not celecoxib)

2. Patients with bleeding disorders or on anti-coagulants, since decreased platelet
aggregation may prolong bleeding time in these individuals (not celecoxib)

3. Patients with renal disorders - due to effect of NSAIDs on renal blood flow and 
water retention, which can exacerbate hypertension and promote acute renal failure

4. Patients with hypersensitivity to Aspirin may also exhibit hypersensitivity to
other NSAIDs

5. Pregnant patients because:     a) NSAIDs may delay the onset of labor 
(NSAIDs typically not given 6-8 days prior to labor)

b) NSAIDs may cause the premature closure of the
ductus arteriosus in the fetus.

6. Elderly patients - because NSAIDs cause toxicities to which the elderly are 
particularly susceptible i.e. GI bleeds & Renal toxicity

- Renal function should be carefully monitored in geriatric patients on NSAIDs.

7. Salicylates are contraindicated in patients with gout due to their inhibitory effects 
on the elimination of uric acid by the kidney at low doses

8. Aspirin is contraindicated in children with febrile viral infections due to its association 
with Reye’s syndrome

9. Celecoxib should only be used with caution in patients with increased risk of CVD

Clinically important NSAID Drug Interactions

N.A.C

Aminoglycosides
(e.g. gentamicin)

Increased Aminoglycoside toxicity 
(Decreased Renal Clearance)All NSAIDs

Oral anti-coagulants
(e.g. warfarin)

↑anti-coagulant effect/Increased risk of bleeding 
(Platelet COX-1 inhibition/protein displacement)

All NSAIDs
(Celecoxib-CYP2C9*)

Anti-hypertensives
(e.g. ACE inhibitors

β-blockers)

Decreased anti-hypertensive effect
(NSAIDs promote renal vasoconstriction)All NSAIDs

Diuretic agents
(e.g. Furosemide)

↓ Diuretic effect/NSAIDs promote H20 and Na+ retention 
(Increased risk of high blood pressure)All NSAIDs

Uricosurics
(e.g. Probenecid)

Decreased uricosuric effect 
(Salicylates increase plasma uric acid levels)Salicylates

Lithium 
(narrow therapeutic window)

Increased Lithium toxicity 
(Decreased Renal Clearance)All NSAIDs

Methotrexate Increased Methotrexate toxicity 
(Protein displacement/Decreased Renal Clearance)All NSAIDs

Oral hypoglycemics
(e.g sulfonylureas)

Potentiate hypoglycemic effects
(Salicylates displace protein-bound sulfonylureas
and independently enhance glucose utilization)

Salicylates

Drug class Type of NSAID Specific Effect

Low-dose aspirin Antagonize beneficial effects of low-dose aspirin
(Prevents binding of aspirin to COX-1)

All NSAIDs
except celecoxib
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Choice of NSAIDs
1. While the anti-inflammatory, anti-pyretic and analgesic effects of NSAIDs do vary, 

these differences may not be particularly clinically significant.

- the choice of NSAID does not usually make a substantial difference 
in the clinical outcome (esp. treatment of rheumatoid and osteoarthritis)

2. Therapy is usually directed at achieving the desired clinical effect, at the lowest 
possible dose, while minimizing adverse side effects

3. If one NSAID proves ineffective switching to another NSAID drug is advised 

4. The COX-2 inhibitor Celecoxib is indicated for patients at highest risk of 
GI bleeds- although should be used with caution in patients at risk of CVD

5. Overall, the choice of NSAID requires a balance of: a) clinical efficacy
b) safety 
c) cost effectiveness

SIMPLE FEVER
Rapid onset of action/short duration

Aspirin- 1 hr
Ibuprofen- 15-30 mins

Naproxen- 1 hr

LONG-TERM PAIN MANAGEMENT
Longer duration

Sulindac- 7hrs
Naproxen- 14 hr

Oxaprozin- 40-60hrs

Related non-NSAID analgesic: 
Acetaminophen 

(Tylenol®, Paracetamol®)

Acetaminophen: (Tylenol®, Paracetamol®)

Overview
• An important drug used for the treatment of mild to moderate pain

• Only a very weak inhibitor of COX-1 and COX-2 in peripheral tissues

• Believed to inhibit a variant of COX-1 known as COX-3 that is selectively 
expressed in the CNS ??

• Anti-Pyretic and Analgesic activity (equivalent to Aspirin)

• No anti-Inflammatory activity (N.B. Does not inhibit peripheral COX-2)

• No anti-platelet activity (N.B. Does not inhibit Platelet COX-1)

• Well absorbed orally and is metabolized in the liver

• Peak blood levels are achieved in 30-60 mins- serum half life = 2-3 hrs
- ideal for the treatment of fever

Acetaminophen - Indications
1. Mild to moderate pain not associated with inflammation

2. Used for the relief of pain associated with headaches, muscle aches and 
mild forms of arthritis 

3 Preferred analgesic in patients that are allergic to Aspirin, or where 
Salicylates are poorly tolerated.

4. Preferred Analgesic/Anti-Pyretic in Children with viral infections 
- to avoid Reye’s Syndrome

5. Preferred Analgesic/Anti-Pyretic in patients with hemophilia or Peptic Ulcer
- does not affect the bleeding time or GI bleeds

6. Should not be taken with alcohol, as together can cause serious 
liver damage
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Acetaminophen - Adverse Effects and Toxicity
1. At normal doses (4g/day) Acetaminophen is essentially free of Adverse 

effects
- occasionally observe a mild increase in hepatic enzymes

2. Larger doses might result in dizziness, excitement and disorientation

3. Ingestion of very large doses (>15g) Acetaminophen can be fatal as 
a result of severe Hepatotoxicity due to the build up of the toxic 
metabolite N-acetyl-p-benzoquinoneimine (NAPQI), which is caused 
by the depletion of hepatic glutathione. 

Symptoms: 0-24 hrs- nausea and vomiting
24-48 hrs- hepatic dysfunction/upper quadrant pain
4-7 days hepatic failure and death

4. Treatment of acetaminophen poisoning is with N-Acetyl cysteine
given within 8-10 hrs of overdose, which works by replenishing 
cellular glutathione levels.

- surviving patients recover over several days to weeks

N-acetyl-p- benzoquinoneimine
(NAPQI: Toxic Metabolite)

Overdose:
P450 Enzymes

Acetaminophen

NAC 2007

Glutathione
intermediate

Meracturic acid
(Non-toxic)

Glutathione

Normal
glutathione-dependent

Detoxification

Glucoronide/
sulfate metabolites

(Inactive)

Normal
Metabolism

Urine

Covalent bonding
to hepatic proteins

Hepatic Cell
Death

Hepatotoxicity

GLUTATHIONE
BECOMES
DEPELTED

Antidote
N-Acetyl Cysteine

Increased Hepatic 
Glutathione Levels

↑Glutathione

Glutathione
intermediate

Meracturic acid
(Non-toxic)

Detoxification

Acetaminophen metabolism and poisoning

The LIVER

NSAIDs: Key Facts/Quick Review Points
1. NSAIDs are indicated for the treatment of inflammation, pain and fever.

2. Three types of NSAIDs a) Aspirin and salicylates
b) Traditional NSAIDs
c) COX-2 specific inhibitors

3. Mechanism of action: Inhibition of COX activity preventing the production of prostaglandins

4. All NSAIDs inhibit COX enzymes by preventing the binding of the arachidonic acid substrate
- A spirin and the traditional NSAIDs are non-selective and inhibit BOTH COX-1 and

COX-2
- COX-2 specific inhibitors only inhibit COX-2

5. Aspirin has a unique mechanism of action- i t covalently attaches an a cetyl group to the
active site of COX enzymes irreversibly inhibiting COX-1 activity. Note aspirin also acetylates
COX-2, but because the active site of COX-2 is larger and more flexible arachidonic acid can still
gain access to the active site, albeit less efficiently- hence aspirin is a  less potent inhibitor of
COX-2 than COX-1.

6. COX-1 is constitutively expressed and is primarily involved in housekeeping functions

7. COX-2 is primarily induced in macrophages, synoviocytes and f ibroblasts in response
to inflammatory stimuli and is involved in pro-inflammatory responses- also constitutively
expressed in kidney, brain and endothelium

8. Low dose aspirin is an effective anti-thrombotic agent as it permanently inhibits COX-
1 in platelets blocking the production of pro-thrombotic thromboxane

9. Primary adverse effects of NSAIDs include: a) GI and stomach
b) Renal
c) Cardiovascular system
d) Liver
e) Anti-platelet effects/increased

bleeding
f) Hypersensitivity
h) CNS
i) Skin
j) Photosensitivity
k) Pregnancy- ductus arteriosus

Please Refer to
10. The stomach and GI disturbances caused by Aspirin and t raditional NSAIDs are due to the
inhibition of COX-1 in t hese tissues, which is responsible for the production of prostaglandins that
act to prevent damage to gastric and i ntestinal epithelial cells caused by gastric acid and
digestive enzymes.

11. COX-2 inhibitors are no more efficacious than other NSAIDs, but might be preferable in
patients with a prior history of GI bleeds and/or ulcers

12. NSAIDs are contraindicated in: a) patients with GI ulcers
b) patients with bleeding disorders
c) patients with renal disorders
d) patients with a previous hypersensitivity to aspirin
e) pregnant women
f)  the elderly
g) children with febrile viral infections (Aspirin only-
ReyeÕs   syndrome)
h) aspirin is contraindicated in gout due to its effects on
uric acid secretion (i.e. inhibition at low doses).

Aminoglycosides
(e.g. gentamicin)

Increased Aminoglycoside toxicity 
(Decreased Renal Clearance)All NSAIDs

Oral anti-coagulants
(e.g. Coumadin)

Increased risk of bleeding 
(Platelet COX-1 inhibition/protein displacement)

All NSAIDs
(Celecoxib-CYP2C9*)

Anti-hypertensives
(e.g. ACE inhibitors

β-blockers)

Decreased anti-hypertensive effect
(NSAIDs promote renal vasoconstriction)All NSAIDs

Diuretic agents
(e.g. Furosemide)

Increased risk of high blood pressure
(NSAIDs promote H20 and Na+ retention)All NSAIDs

Uricosurics 
(e.g. Probenecid)

Decreased uricosuric effect 
(Salicylates increase plasma uric acid levels)Salicylates

Lithium 
(narrow therapeutic window)

Increased Lithium toxicity 
(Decreased Renal Clearance)All NSAIDs

Methotrexate Increased Methotrexate toxicity 
(Protein displacement/Decreased Renal Clearance)All NSAIDs

Oral hypoglycemics
(e.g sulfonylureas)

Potentiate hypoglycemic effects
(Salicylates displace protein-bound sulfonylureas
and independently enhance glucose utilization)

Salicylates

Drug class Type of NSAID Specific Effect

Low-dose aspirin Antagonize beneficial effects of low-dose aspirin
(Prevents binding of aspirin to COX-1)

All NSAIDs
except celecoxib

13. NSAID drug interactions include:


