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#23- #24- Non Steroidal Anti-inflammatory Drugs (NSAIDs) I & II 

 
Date: Friday August 30th, 2013 9:30 am- 11:30am 
 
Relevant reading:  
Basic and Clinical Pharmacology- B.G. Katzung, 12th Edition, Chapter 36 635-643  
 
 
LEARNING OBJECTIVES and KEY CONCEPTS: 
 
1. List the major indications and contraindications for the three major classes of NSAIDs drugs 
 
2. Describe the mechanism of action and physiological effects of Aspirin, traditional NSAIDs and 
celecoxib and how any differences between them influence the specific indications of each class of drug 
 
3. Describe the major differences in expression and function between COX-1 and COX-2 and how these 
differences influence the clinical and adverse effects of the NSAID drugs 
 
4. Describe the mechanism underlying the use of low dose Aspirin in the prevention of cardiovascular 
disease 
 
5. List the major adverse effects of Aspirin, traditional NSAIDs and celecoxib 
 
6. List the indications and contraindications for acetaminophen 
 
7. Describe the mechanism of action of acetaminophen 
 
8. Describe the mechanism by which acetaminophen overdose can lead to hepatic failure 
 
9. Based upon patient-specific criteria and the specific pharmacology of the NSAID and acetaminophen 
classes of drug, choose which drug class would be clinically most appropriate for a specific patient in a 
given clinical scenario 
 
 



Pharmacology & Therapeutics  NSAIDS I & II 
Friday August 30th, 2013 9:30 am- 11:30am  Neil Clipstone, Ph.D. 
 

 2

Drugs to be covered in this lecture: 
 
Note: This is a list of the most commonly used NSAIDs currently in clinical use. However, rather than learn 
the specific details of each individual NSAID drug, it is far more important that you appreciate the use of the 
NSAID class of drugs as a whole, as well as the fundamental differences between the three distinct 
classes of NSAIDs and the non-NSAID related analgesic, acetaminophen.  
 
1. Aspirin and Salicylic Acids 
Aspirin (BayerTM) 
Diflusinal (DolobidTM) 
Salsalate (DisalcidTM) 
 
2. Non-Selective and traditional NSAIDs 
Ibuprofen (AdvilTM/MotrinTM/NuprinTM) 
Naproxen (AleveTM/AnaproxTM/NaprosynTM) 
Oxaprozin (DayproTM) 
Ketoprofen (ActronTM) 
Indomethacin (IndocinTM) 
Diclofenac (CataflamTM) 
Sulindac (ClinorilTM) 
Ketorolac (ToradolTM) 
Tolmetin (TolectinTM) 
Meloxicam (MobicTM) 
Piroxicam (FeldeneTM/FexicamTM) 
Meclofenamate (MeclomenTM) 
Mefenamic acid (PonstelTM) 
Nabumetone (RelafenTM) 
Etodalac (LodineTM) 
 
3. COX-2 specific inhibitors 
Celecoxib (CelebrexTM) 
 
 
4. Non-NSAID Related Analgesic 
 Acetaminophen (TylenolTM/ParacetemolTM) 
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(A) Background information. 
A1. Principal therapeutic applications of NSAIDs 
NSAIDs are used to treat Inflammation, Pain & Fever 

Specifically: 
a) Mild to moderate pain associated with inflammation 
b) Chronic inflammatory diseases:  - Rheumatoid Arthritis 

                  - Osteoarthritis  
      - Acute gout (except Aspirin & Salicylates) 

c) Localized muscoskeletal syndrome: sprains, strains and lower back pain 
d) Pain associated with:  - headache and migraine 

     - Dysmenorrhoea/Menstrual cramps  
- metastatic bone cancer  

     - surgical procedures/post-operative pain/dental procedures 
e) Fever associated with the common cold, influenza and other infections 
f) Certain types of cancer e.g. colon cancer 
g) Prophylactic prevention of platelet aggregation, MI and stroke – Aspirin Specific Use 

 
 
A2. 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 and COX-2. They 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 play a role in the 
regulation of many inflammatory, pain and fever-related processes, as well as numerous homeostatic 
functions 
 
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 distinct specificity towards either COX-1 or COX-2. 
 
 
A3. Cyclooxygenase enzymes: Expression and Function 
 
 
 

 
 

 
 
 

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-, 

IL-1, IFN-, EGF, PDGF, FGF, TGF

Inhibitors Aspirin & NSAIDs
Aspirin, NSAIDs and 

selective COX-2 inhibitors
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A4. Normal physiological functions of prostaglandins  
(A) Prostaglandins produced by COX-2 are 
associated with the regulation of 
physiological functions that lead to increased 
inflammation, fever and pain: Inhibition of 
the production of these specific 
prostaglandins in the relevant cell type is 
therapeutically beneficial and results in 
amelioration of clinical symptoms. 

 
(B) Prostaglandins produced by COX-1 are 
primarily associated with the regulation of 
normal homeostatic physiological functions: 
Inhibition of the production of these COX-1-
derived prostaglandins can lead to adverse 
drug effects. 
 
 
A4.1 Disease-related functions of prostaglandins 
(i) Inflammation  

- COX-2 is specifically upregulated in inflammatory cells 
 
- PGE2 & PGI2 (prostacylin) produced 

by COX-2 expression in inflammatory 
cells act to dilate blood vessels & 
increase blood flow which contributes 
to the heat and redness associated with 
inflammation 

 
- PGE2 also enhances migration of 

phagocytes to site of inflammation 
 

- PGE2 promotes vascular permeability 
which contributes to edema 

 
- PGE2 & PGI2 are found in synovial 

fluid of rheumatoid arthritis patients 
 
(ii) Pain 

- prostaglandin production by COX-2 in inflammatory cells affects primary afferent neurons by 
lowering their threshold to painful stimuli 

 
- systemically produced inflammatory cytokines upregulate expression of COX-2 in the dorsal 

horn neurons causing the production of prostaglandins, which act as pain neuromodulators in 
the spinal cord by enhancing the depolarization of secondary sensory neurons 

 
- prostaglandins increase recruitment of leukocytes to the site of inflammation, causing the 

release of additional inflammatory mediators  
 
(iii) Fever 

- systemically produced inflammatory 
mediators (e.g. IL-1/TNF-�) induce the 
expression of COX-2 in the endothelial cells 
lining the hypothalamus causing the 
production of PGE2, which then acts on the 
Organum Vasculosum Lamina Terminalis 
(OVLT: the thermoregulatory center of the 
hypothalamus) to cause fever. 
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A4.2 Homeostatic functions of prostaglandins- associated with adverse NSAID effects 
 
(i) Stomach and GI tract 

- COX-1 is the predominant enzyme isoform expressed in the stomach and produces 
prostaglandins constitutively 

 
- PGE2 & PGI2 are cytoprotective for 

the stomach by limiting damage to the 
stomach lining caused by gastric acid 
and digestive enzymes 

 
PGE2 & PGI2: inhibit production of 
gastric acid  

     increase the production of gastric bicarbonate 
     increase production of gastric mucous 
    cause vasodilation & increase gastric blood flow 

 
- Inhibition of COX-1 in the stomach is the cause of significant adverse effects of both 

Aspirin and the traditional NSAIDs 
 
(ii) Cardiovascular system 

- Prostaglandins are very important in the regulation of the cardiovascular system 
 
- Platelets express only COX-1 and principally produce TXA2 (thromboxane), which is a 

vasoconstrictor and promotes both platelet aggregation and activation. 
 
- Endothelial cells express both COX-1 and COX-2, but lack TXA2 synthetase and hence are 

unable to produce TXA2. They produce primarily 
PGI2 (prostacyclin), which is a vasodilator and 
inhibits platelet aggregation. 

 
- The balance between the production of TXA2 & 

PGI2 regulates systemic blood pressure and 
thrombogenesis. 
   

(iii) Kidney 
Prostaglandin production in the kidney:  
- Promotes vasodilation thereby increasing renal blood flow and preventing renal ischemia 
- Increases the glomerular filtration rate 
- Increases water and salt secretion 
- is especially important in disease states (e.g. renal disease, Heart failure) where the 

vasodilatory effects of prostaglandins are required to counteract the presence of disease-
induced vasoconstrictors  

 
 
 
 
 
 
 
 
 
 
 

- NSAID treatment decreases renal blood flow, decreases GFR and promotes water/salt 
retention - can therefore compromise kidney function especially in patients with 
underlying kidney disease or heart failure (e.g. the elderly) 
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(iv) Female reproduction 

- Overproduction of PGE2 & PGF2� during menstruation can lead to dysmenorrhea/menstrual 
cramps  

- PGE2/PGF2 production stimulates uterine contraction and plays a role in birth 
- hence NSAID treatment during pregnancy may delay labor 

 
(v) Control of the ductus arteriosus 

- the ductus arteriosus is a fetal structure that allows blood to shunt from the left pulmonary 
artery to the aorta bypassing circulation to the lungs (N.B. the fetus receives oxygen from the 
placenta and not the lungs) 

- the ductus is kept open during fetal life via the actions of prostaglandins 
- NSAID treatment during pregnancy may therefore lead to premature closing of the ductus  
- At birth the ductus normally closes spontaneously 
- In cases of newborns where the ductus fails to close (patent ductus), the ductus can 

be closed by treatment with NSAIDs e.g. indomethacin 
 
 

(B) The NSAIDs drugs 
 
B1. NSAID drug classes. 
There are three distinct classes of NSAIDs: 
 a) Aspirin and other salicylates 
 b) Traditional NSAIDs e.g. ibuprofen and naproxen 
 c) Coxibs- selective COX-2 inhibitors e.g. celecoxib 
 
B2. Aspirin and other salicylates 
B2.1 Aspirin- the prototypical NSAID 

- Aspirin – acetylsalicylic Acid is a weak acid with a pKa= 3.5 
- Rapidly absorbed in the stomach 
- 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 

 
 
 
 
 
 

©NAC 2006 
 
 
 
B2.2 Aspirin: Mechanism of action 

- Aspirin is a NON-SELECTIVE inhibitor 
of BOTH COX-1 and COX-2 
 

- Aspirin has a unique mechanism of 
action compared to all other NSAIDs 
 

- Aspirin irreversibly inhibits COX-1 by 
acetylating the enzyme within its 
active site thereby inhibiting the 
binding of the arachidonic substrate 

 
- Aspirin also acetylates COX-2, although is a much less potent inhibitor of this enzyme 
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isoform, 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 the metabolized form of aspirin cannot acetylate COX enzymes (because it lacks 

the acetyl group) – it inhibits COX activity by acting as a simple competitive antagonist of 
arachidonic acid binding 

 
B2.3 Aspirin: Indications 

(i) Treatment of mild to moderate pain 
(ii) Inflammatory diseases e.g. Rheumatoid Arthritis 
(iii) Fever reduction 
(iv) Prophylactic prevention of cardiovascular events i.e. MI and stroke 
(v) Cancer chemoprevention: frequent use of aspirin is associated with a 50% decrease in 

the risk of colon cancer 
 
B2.4 Aspirin Dosage 
  Anti-platelet activity 81 mg/day 
  Analgesic/Anti-pyretic ~2,400 mg/day 
  Anti-inflammatory 4,000-6,000 mg/day  
 
B2.5 Use of low dose Aspirin in the treatment of cardiovascular disease 
Low dose aspirin is used: 

a) as a prohylactic treatment in 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) a 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 

   
B2.6 Mechanism of action of low-dose aspirin in the treatment of CVD 

- At low doses aspirin acetylates COX-1 in platelets permanently inhibiting COX-1 activity and 
thereby preventing platelets from producing pro-thrombogenic TXA2 

 
- Since platelets lack the ability to re-synthesize 

COX-1 (i.e. because platelets lack a nucleus they 
are unable to transcribe additional COX-1 mRNA), 
this inhibition is long lasting and acts for the 
lifetime of the platelet (7-10 days) 

 
- Since endothelial cells are able to re-synthesize COX-1 via de novo gene expression and 

constitutively express COX-2, this low level of aspirin does not significantly affect the 
production of endothelium-derived PGI2 (prostacyclin: an inhibitor of platelet aggregation).  

 
- By inhibiting platelet-derived TXA2 and sparing the synthesis of PGI2, aspirin promotes an 

anti-thrombogenic environment 
 
- At higher inflammatory concentrations of aspirin, the anti-thrombogenic activity of low dose 

aspirin is lost, as at high aspirin doses not only platelet COX-1, but also endothelial COX-1 
and COX-2 are effectively inhibited, which results in the decreased production of both 
platelet-derived TAX2 (pro-thrombogenic) and endothelium-derived PGI2 (an inhibitor of 
platelet aggregation). These two effects therefore offset each other. 
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- Other NSAIDs also inhibit COX-1 in platelets, but because their inhibition is reversible their 
actions are not as effective or as long lasting as those of aspirin 

 
B2.7 Other Salicylates 
Salsalate 

- Dimer of salicylic acid 
- Converted to salicylic acid after absorption 
- Competitive inhibitor of COX enzymes 
- Used in treatment of mild to moderate pain, fever and inflammation 

 
Diflunisal 

- difluorophenyl derivative of salicylic acid 
- Not converted to Salicylic acid in vivo 
- Competitive inhibitor of COX enzymes 
- More potent anti-inflammatory agent than aspirin 
- Cannot cross the blood brain barrier, hence has no anti-pyretic effect due to poor CNS 

penetration 
- Fewer and less intense GI side effects 
- Weaker anti-platelet effect than aspirin 

 
Others include: sodium thiosalicylate, choline salicylate, magnesium salicylate and methyl 
salicylate (Oil of Wintergreen- constituent of muscle liniments) 

 
NOTE: Unlike aspirin, the salicylates are non-acetylated and consequently do not 
irreversibly inhibit COX-1, hence these drugs may be preferable for use in patients with 
asthma, an increased risk of GI complications or those with bleeding tendencies (e.g. 
hemophiliacs). 

 
 
B2.8 Aspirin/Salicylates Pharmacokinetics 

- 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 diflunisal) cross the blood brain barrier and the placenta, hence 

diflunisal is ineffective as an anti-pyretic agent 
 

- Salicylates are 50-90% protein bound and can therefore affect the blood concentrations of 
other highly protein-bound drugs e.g. warfarin 

 
- Salicylate is metabolized in the liver to water-soluble conjugates that are rapidly cleared by 

the kidney 
 

- Salicylates are excreted in the urine as free salicylic acid (10%) or as salicylate-conjugates 
(90%) 

 
- Excretion of free salicylate is extremely variable and depends on the dose and the pH of the 

urine 
 
- At normal low doses, salicylates are eliminated with 1st order kinetics and exhibit a serum 

half-life of ~3.5 hrs 
 
- At anti-inflammatory high doses (>4g/day), the hepatic metabolic enzymes become 

saturated and salicylate is eliminated with zero-order kinetics and a serum half-life of >15h. 
- Salicylate is secreted in the urine and can affect uric acid secretion.  

o 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.  
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o At high doses (>4g/d) aspirin blocks the reabsorption of uric acid by the proximal 

tubules,thereby promoting uric acid secretion in the urine.  
 

o Because of these effects of aspirin on uric acid levels, the drug is not given to 
individuals with gout 

 
- Alkalinization of the urine increases the rate of salicylate excretion and is a useful treatment 

for salicylate overdose 
 
B2.6  Salicylate toxicity 

- Although widely used and relatively safe at normal doses, excessive consumption of aspirin 
is very toxic and can result in death 

- Aspirin intoxication occurs with doses of >10-30 g (adult) or > 3g (child) 
- Mortality: Acute exposure ~2%; Chronic Exposure ~25% 
 

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

 
Late: hyperthermia, hyperventilation, respiratory alkalosis, metabolic acidosis, 
hypoglycemia, altered mental status (agitation, hallucinations and confusion), tremors, 
seizure, cerebral edema and coma.  

 
Mechanism:  

o Salicylates trigger increased respiration resulting in an initial respiratory alkalosis 
followed by a compensatory metabolic acidosis 

 
o Acidified blood promotes the transport of salicylates into the CNS resulting in direct 

toxicity, cerebral edema, neural hypoglycemia, coma, respiratory depression and 
death 

 
Treatment for salicylate intoxication: 

o Mild cases- symptomatic treatment and increasing urinary pH to enhance the 
elimination of salicylate 

o Severe- gastric lavage & administration of iv fluids and dialysis 
 
 
B2.7 Aspirin: Adverse Effects 
(i) GI tract (Most common side effect of all NSAIDs)  

- Symptoms include epigastric distress, nausea and vomiting 
 
- NSAID treatment can lead to GI bleeding (5-10% mortality rate) 
 
- NSAID treatment can aggravate and promote development of gastric & duodenal 

ulcers 
 
- Gastric damage caused by two effects:  

a) Direct damage to gastric epithelial cells caused by intracellular salicylic acid 
b) Inhibition of COX-1-dependent prostaglandin synthesis in the stomach, which 
normally acts to prevent damage caused by gastric acid and digestive enzymes 

 
- These adverse effects can be ameliorated by co-administration of Misoprostol (a PGE1 

analog) that promotes gastric mucous production and thereby acts to prevent damage to the 
stomach wall or by Omeprazole (a proton pump blocker). 

   
(ii) Kidney 

(A) Aspirin can cause hemodynamically-mediated acute renal failure 
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- Caused primarily in patients with underlying kidney disease or conditions of volume 
depletion such as heart failure or cirrhosis  

- Especially a problem in elderly patients  
- Not typically seen in normal patients because prostaglandins do not play a major role in renal 

hemodynamics under normal non-pathological conditions 
- In the disease state the levels of vasodilatory prostaglandins are increased to counteract the 

effects of disease-induced vasoconstrictors 
- Aspirin treatment inhibits prostaglandin synthesis thereby 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 
 

(B) Acute Interstitial Nephritis and the Nephrotic Syndrome 
- Rare but clinically important (~15% of all patients hospitalized for renal failure) 
- Drug-induced kidney failure associated with an inflammatory infiltrate 
- Typically seen after several months of exposure 
- Exact mechanism unknown 
- More common in elderly and in women 
- Symptoms: Nausea, vomiting, malaise, WBC in the urine and proteinuria 
- Typically spontaneously resolves several weeks after drug discontinuation 
 
 
(C) Analgesic Nephropathy/Chronic Interstitial Nephritis 
- Slowly progressive renal failure leading to end stage renal disease 
- Associated with chronic daily overuse of drug over many years 
- Typically seen in patients taking NSAID drug combinations 
-  

(iii) Increased Bleeding 
- By blocking TXA2 production aspirin prolongs the bleeding time 
- Aspirin is therefore contraindicated in hemophilia patients and individuals about to undergo 

surgery 
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(iv) 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 heart failure  
 
(v) ****Reye’s Syndrome (- unique Aspirin side effect) 

- Reye’s syndrome is a rare, often fatal liver degenerative disease with associated encephalitis  
- Not seen with other NSAIDS, only with aspirin 
- It is associated with the administration of aspirin given during the course of a febrile viral 

infection in young children (e.g. chickenpox, influenza etc) Because of this aspirin is not 
generally administered to young children 

 
(vi) Hypersensitivity 

- ~15% of patients taking aspirin exhibit an airway hypersensitivity reaction leading to a rapid, 
often severe asthma attach within 30-60 mins 

 
o Symptoms include:  - Wheezing and severe airway obstruction 

- Ocular & nasal congestion,  
- Urticaria (Hives),  
- angioneurotic edema,  
 

- Fatal anaphylactic shock is rare 
- Not caused by an immunological hypersensitivity reaction, but is thought to result from 

increased production of leukotrienes due to a build up of arachidonic acid 
- Aspirin-sensitive patients are also reactive to other NSAIDs 

 
(vii) GOUT 

- Aspirin can promote the occurrence of an acute attack of gout in susceptible individuals 
- Low doses of Aspirin (<2g/day) block URIC acid excretion by blocking anion transporetes in 

the kidney. The resulting increase in serum uric acid levels can precipitate gout in pre-
disposed individuals 

- Paradoxically, high doses of aspirin blocks the reabsorption of uric acid in the proximal 
tubules and as a result promotes uric acid excretion in the urine 

- As a general rule Aspirin and the salicylates are not given to patients with a prior history of 
GOUT 

-  
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B3. Traditional NSAIDs 
There are many distinct traditional NSAIDs on the market. They all have a common mechanism of action 
and exhibit very similar efficacy and adverse drug effect profiles. Hence, it is probably best to think about 
this class of drugs as a whole rather than focus on the specifics of any individual drug in this class. 
However, in section B3.2 below I will try to point out some of the unique and important aspects of some 
the selected individual drugs. 
 
B3.1 General Properties: 

- All traditional NSAIDs are reversible competitive inhibitors of COX activity 
 
- All traditional NSAIDs work by blocking the production of prostaglandins  

 
- Traditional NSAIDs are mostly NON-SELECTIVE COX inhibitors and inhibit both COX-1 and 

COX-2 to varying degrees 
 

- All traditional NSAIDs exhibit anti-inflammatory, anti-pyretic and analgesic effects. 
 
B3.2 Pharmacokinetics of traditional NSAIDs  

- most traditional NSAIDs are weak acids and are well absorbed in the stomach and upper 
intestine 

- highly protein bound 90-95%- therefore can interact with other protein-binding drugs e.g. 
warfarin 

- specifically accumulate in the synovial fluid and at other sites of inflammation i.e. ideally 
suited for the treatment of arthritis 

- metabolized by the liver 
- Mostly excreted by the kidney- hence drugs can accumulate in patients with impaired renal 

function resulting in increased risk of adverse effects 
 
B3.3 Key features of selected traditional NSAIDs 
Ibuprofen (AdvilTM/MotrinTM/NuprinTM)  -  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 bleeding occurs less than with aspirin 
- Low doses are effective as an analgesic 
- High doses required for anti-inflammation     
- commonly prescribed OTC for analgesia 

 
Naproxen (AleveTM/AnaproxTM/NaprosynTM) - 20x more potent than aspirin 

- rapid onset of action- 60 mins- ideal for anti-pyretic use 
- long serum half life of 14 hrs/twice daily dosing 
- low incidence of GI bleeding  
- considered to be one of the safest NSAIDs 

 
 
Indomethacin (IndocinTM) - 10-40X more potent than aspirin as an anti-inflammatory 
    - also inhibits neutrophil migration 

- most effective NSAID at reducing fever 
- not well tolerated (50% of users experience side effects) 
- should only be used after less toxic drugs prove ineffective 
- can delay labor by suppressing uterine contractions 
- drug of choice to promote closure of patent ductus arteriosus 

 
Sulindac (ClinorilTM)  - equipotent to aspirin 

- closely related to indomethacin- less potent/fewer adverse effects 
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Keterolac (ToradolTM)  - relatively weak anti-inflammatory activity 
- used as i.v. analgesic for moderate/severe post surgical pain 
- can be used as replacement for opiod analgesic e.g. morphine 

 
B3.3 Adverse Effects of traditional NSAIDs 
(I) GI disturbance 

- Significant GI problems although lower than that caused by aspirin 
- Symptoms include: Nausea, Dyspesia, Ulceration, Bleeding & Diarrhoea 
- Caused by inhibition of COX-1 in the stomach leading to a reduction in the production 

of cytoprotective prostaglandins 
 
(II) Renal damage 

(A) NSAID-induced vasoconstriction (most common) 
 - Decreased renal blood flow due to inhibition of vasodilatory prostaglandin production 
 - Increased salt and fluid retention 
 - Caused by inhibition of both COX-1 and COX-2, which is constitutively expressed in the kidney 
 - Particular problem for those with pre-existing renal disease and heart failure 

- Risk of renal failure increases in patients also taking ACE inhibitors and diuretics 
 

(B) NSAID-induced acute interstitial nephritis and the nephritic syndrome 
 - Rare, but clinically important (accounts for ~15% of patients hospitalized for renal failure) 
 - Drug induced kidney failure associated with inflammatory cell infiltration 

- Typically occurs after several months of exposure 
- 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 linked to history o chronic lower back pain, migraine, chronic muscoskeletal pain 
- Can occur with all NSAIDs, but is particularly associated with drug combinations 

 
(III) Cardiovascular 
 - modest worsening of underlying hypertenstion 

- Not associated with 1st occurrence heart failure, but can worsen pre-exisring disease due to 
increased afterload due to systemic vasoconstriction 

 
(IV) Liver 

- Elevated liver enzymes 
- Liver failure rare 
- Increased risk with sulindac (27/100,000 prescriptions)  

 
(V) Anti-platelet effect/Increased bleeding 

- All NSAID drugs except celecoxib can interfere with the beneficial anti-platelet effects of aspirin 
by binding to platelet COX-1 and preventing the binding of aspirin 
- when necessary aspirin should be taken first followed by the NSAID several hours later 
- NSAID use should be avoided in patients with pre-existing platelet deficiency 
- NSAID use should be avoided prior to surgery for at least 4-5 X drug half-life (1 week in the 
case of aspirin) 

 
(VI) NSAID hypersensitivity 

- Can occur in susceptible patients 
- Symptoms include: vasomotor rhinitis, fever, rash, urticaria, angiodema, pulmonary infiltrate and 
asthma 
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(VII) CNS  
- Tinnitus (common) 
- Asepctic meningitis (non-infectious brain inflammation)- increased risk in Lupus patients 
- Psychosis & cognitive dysfunction- more common in the elderly and those on indomethacin 

 
(VIII) 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 
 

(IX) Pseudoprophyria/Photosensitivity  
- blistering in sun-exposed areas 
- Is due to the chemical nature of NSAIDs in the skin absorbing UV 

e.g.  Ibuprofen, ketoprofen, naproxen, ketorolac, piroxicam & diclofenac 
 

(X) Pregnancy  
- associated with increased rate of miscarriage 
- can promote premature closure of the ductus arteriosus 
- can delay labor 
- NSAID use late in pregnancy is associated with post-partum hemorrhage 
 
 

B4. Selective COX-2 inhibitors  
Since inflammation is associated with increased COX-2 activity and aspirin and the traditional non-
selective NSAIDs are associated with significant adverse effects, drugs that specifically target COX-2 
were developed. The underlying hypothesis being that these drugs should exhibit anti-inflammatory 
activity without the serious adverse effects of aspirin and the traditional NSAIDs that are associated with 
the inhibition of COX-1. 
 
Three selective COX-2 inhibitors were developed and brought to market: 
 Celecoxib (Celebrex®) 
 Rofecoxib (Vioxx®) – withdrawn Dec 2004 due to increased MI & stroke 
 Valdecoxib (Bextra®) – withdrawn April 2005 due to increased MI & stroke 
 
B4.1 Features of Celecoxib (Celebrex®) 

- Selectively inhibits COX-2 not COX-1 
- Anti-inflammatory, anti-pyretic and analgesic properties similar to traditional NSAIDs 
- Associated with fewer GI side effects (does not inhibit COX-1 in the stomach) 
- No effect on platelet aggregation as does not inhibit COX-1 
- Similar renal toxicities to traditional NSAIDs due to constitutive expression of COX-2 in kidney 
- Recommended for the treatment of rheumatoid arthritis and osteoarthritis 
- However- no evidence that Celecoxib is any more efficacious than traditional NSAIDs 
- May be indicated in patients with increased risk of GI complications 
- Approved for the treatment of colon cancer 

 
B4.2 COX-2 inhibitors and increased cardiovascular risk 

a) Several large clinical trials have shown that both Rofecoxib and Valdecoxib are associated with a 
significantly increased risk of heart attack and stroke 

-similar findings have also been reported for Doclofenac and Meloxicam – two traditional 
NSAIDs that exhibit preference towards COX-2 inhibition 

 
b) This increased cardiovascular risk is believed to be caused by the selective inhibitory effect of 

these COX-2 inhibitors on the endothelial production of the anti-thrombotic prostaglandin PGI2 
(prostacyclin). (N.B. COX-2 is constitutively expressed in  endothelial cells).  
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c) Since these COX-2 inhibitors do not 
inhibit COX-1, they do not block the 
production of the platelet-derived pro-
thrombotic prostaglandin TXA2. Hence 
these drugs shift the TXA2/PGI2 
balance towards increased platelet 
aggregation. 

 
 
 
 
 
B5. NSAID: Contraindications 

a) Patients with a history of GI ulcers (not celecoxib) 
b) Patients with bleeding disorders or on anti-coagulant therapy, since decreased platelet 

aggregation may prolong bleeding time in these individuals (not Celecoxib) 
c) Aspirin and the salicylates are contraindicated in gout because they inhibit the elimination of 

uric acid by the kidney leading to an increased risk of precipitating an acute gouty attack 
d) Patients with renal disorders 

 as NSAIDs decrease renal blood flow and promote water/salt retention leading to 
hypertension 

 also since NSAIDs are cleared by the kidney the drugs may accumulate more rapidly in 
these patients due to underlying renal disease leading to increased toxicity 

e) Patients at increased risk of Cardiovascular disease 
- Evidence that celecoxib in particular and perhaps all NSAIDs are associated with 

increased risk of developing cardiovascular events (exact mechanism not 
understood) 

- Should exercise caution in these patients especially with high doses of drug 
- Naproxen is recognized as being the safest NSAID with the lowest risk 

f) Patients with hypersensitivity to aspirin 
g) Pregnant patients as NSAID treatment may delay the onset of labor or cause the premature 

closure of the ductus arteriosus (typically not given 6-8 days prior to labor) 
h) Elderly patients- because NSAIDs cause toxicities to which the elderly are particularly 

susceptible i.e. GI bleeds & Renal toxicity 
 
B6. Some 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

-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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B7 Choice of NSAID 

(i) While the anti-inflammatory, anti-pyretic and analgesic effects of NSAIDs do vary these 
differences may not be particularly clinically significant 

 
(ii) The choice of NSAID does not usually make a substantial difference in the clinical outcome – 
especially treatment of rheumatoid arthritis and osteoarthritis 

 
(iii) In general, an NSAID with a rapid onset of action/short duration (e.g. aspirin, 1hr; ibuprofen, 
15-30 mins; naproxen, 1hr) is ideal for treating a simple fever, wherease drugs with a longer 
duration of action (e.g. sulindac, 7hrs, naproxen, 14hrs; oxaproxin 40-60hrs) are more preferable 
for long-term pain management 

 
(iv) If one NSAID proves ineffective switching to another NSAID drug is advised 

 
(v) Therapy is usually directed at achieving the desired clinical effect, at the lowest possible dose, 
while minimizing adverse effects. 

 
(vi) The COX-2 inhibitor celecoxib is indicated for patients at highest risk of GI bleeds 

 
(vii) Overall the choice of NSAID requires a balance of: a) clinical efficacy 

        b) Safety 
        c) Cost effectiveness 

 
 

C. Related non-NSAID analgesic: Acetaminophen (e.g. TylenolTM) 
 
C1. Acetaminophen: Overview 

- An important ANALGESIC drug in the treatment of mild to moderate pain & Fever 
 

- Anti-pyretic and analgesic activity (equivalent to Aspirin) 
 

- No anti-inflammatory activity because acetaminophen does not inhibit peripheral COX-2 
 

- No anti-platelet activity because acetaminophen does not inhibit Platelet COX-1 
 

- Only a very weak inhibitor of COX-1 and COX-2 in peripheral tissues- thought to be due to 
the inhibitory effects of high concentrations of hydroperoxides in the periphery 
 

- Reduced Adverse effects compared to NSAIDs due to lack of effect on peripheral COX-1 
 

- Most potent effect are on the pain and thermoregulatory centers of the CNS 
 

- Acetaminophen is selectively metabolized in the brain to an active metabolite AM404 
 

- AM404 inhibits COX-1 and COX-2 activity in the CNS 
 

- AM404 also acts on the cannabinoid system to decrease pain and Fever 
 

- The effects of acetaminophen are blocked by antagonists of the cannabinoid system 
 

- Well absorbed orally and is metabolized in the liver 
 

- Peak blood levels are achieved in 30-60 mins with a serum half-life of 2-3 hrs. 
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Acetaminophen: Indications 

a) Mild to moderate pain not associated with inflammation (Dosage 325-500 mg x 4 daily) 
b) Used for the relief of pain associated with headaches, muscle aches and mild forms of 

arthritis 
c) Alone is not an effective therapy for arthritis. However, may be used as an adjunct therapy 

together with NSAIDs. 
d) Preferred analgesic in patients that are allergic to Aspirin, or where salicylates are poorly 

tolerated 
e) Preferred Analgesic/Anti-pyretic in children with viral infections (to avoid Reye’s syndrome) 
f) Preferred Analgesic/Anti-pyretic in patients with hemophilia or a history of peptic ulcer- does 

not affect the bleeding time or promote GI bleeding 
g) Does not affect uric acid levels, therefore can be used together with Probenecid in the 

treatment of gout 
h) Should not be taken with alcohol as together they can cause serious liver damage 

 
 
Acetaminophen: Adverse effects and toxicity 

a) At normal doses (4g/day) Acetaminophen is essentially free of adverse effects 
 
b) Larger doses might result in dizziness, excitement and disorientation 

 
c) Ingestion of very large doses (>15 g) acetaminophen can be fatal due to severe 

hepatotoxicity 
 

d) Hepatotoxicity is due to the build 
up of the toxic metabolite N-
acetyl-p-benzoquinoneimine that 
is caused by the acetaminophen-
dependent depletion of hepatic 
glutathione 

 
e) Treatment is with N-acetyl 

cysteine (given within 8-10 hrs of 
overdose), which works by 
replenishing cellular glutathione 
levels  
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NSAIDs: Key Facts/Quick Review Points 
1. NSAIDs are indicated for the treatment of: inflammation,  

pain  
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 

- Aspirin 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- it covalently attaches an acetyl 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. Other than Aspirin, all 
other NSAIDs competitively inhibit COX enzyme activity blocking access of arachidonic acid to the active 
site.  
 
6. COX-1 is constitutively expressed and is primarily involved in housekeeping functions 
 
7. COX-2 is primarily induced in macrophages, synoviocytes and fibroblasts 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. Because COX-1 is resynthesized in the 
endothelium, low-dose aspirin does not effectively inhibit the production of anti-thrombotic prostacyclins 
 
9. Key Features of Selected NSAIDs 

Ibuprofen- rapid onset of action, ideal for fever and acute pain 
Naproxen – rapid onset of action, long serum half-life 14hrs- twice daily dosing 
Oxaproxin- long serum half life- 50-60 hrs, one daily dosing 
Indomethacin- potent anti-inflammatory, >toxicity; used to close patent ductus arteriosus 
Diclofenac- relatively selective for COX-2; associated with increased risk of MI/stroke 
Ketorolac- mainly used as IV analgesic as a replacement for opioid analgesics 

 
10. 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 

 
11. The stomach and GI disturbances caused by Aspirin and traditional NSAIDs are due to the inhibition 
of COX-1 in these tissues, which is responsible for the production of prostaglandins that act to prevent 
damage to gastric and intestinal epithelial cells caused by gastric acid and digestive enzymes.  
 
12. 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 
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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

-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. NSAIDs are contraindicated in: a) patients with GI ulcers 
     b) patients with bleeding disorders 
     c) patients with renal disorders (e.g. Elderly) 
     d) patients with a previous hypersensitivity to aspirin 
     e) pregnant women 
     f)  patients at increased risk of cardiovascular disease 

g) children with febrile viral infections (Aspirin only-Reye’s   
syndrome)  
h) aspirin is contraindicated in gout due to its effects on uric acid 
secretion (i.e. inhibition at low doses). 

 
14. NSAID drug interactions include: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
15. Acetaminophen is an important drug used in the treatment of mild to moderate pain and Fever. It does 
not effectively inhibit either COX-1 or COX-2 expressed in the periphery 
 
16. Acetaminophen is metabolized selectively in the brain to an active metabolite (AM404) that both 
inhibits COX-2 in the CNS, as well as acts on the endogenous cannabinoid system in the pain and 
thermoregulatory centers of the CNS to reduce pain and fever 
 
17. Acetaminophen has both anti-pyretic and analgesic properties, but no anti-inflammatory activity 
and no anti-platelet activity due to its failure to inhibit COX-1 & COX-2 in peripheral tissues. 
 
18. Due to its lack of activity against peripheral COX-1 activity, acetaminophen is NOT associated with 
the adverse effects commonly observed with the NSAIDs 
 
19. Acetaminophen is the preferred analgesic in: 
  a) patients that are allergic to Aspirin or other Salicylates 
  b) Children with viral infections- to avoid Reye’s syndrome associated with Aspirin 
  c) Patients with hemophilia or increased risk of bleeding 

d) Patients with a prior history of gastric/peptic ulcers 
 
20. Acetaminophen overdose results in the build up of the toxic metabolite N-acetylbenzoquinoneimine,  
which depletes hepatic glutathione, N-acetylcysteine is used as an antidote because it replenishes 
endogenous glutathione levels. 
 


