
Pharm-12A06 Describe how Non Steroidal Anti-Inflammatory Drugs exert their 
clinical effects (and side effects). Outline the advantages and disadvantages in 
using COX-2 selective agents. 
 
Background 
 
Non-steroidal anti-inflammatory drugs (NSAIDs) = class of drugs that exert their 
effects via cyclo-oxygenase enzyme (COX) inhibition and structurally distinct from 
glucocorticoids 
 
Examples 

- non-selective irreversible – aspirin 
- non-selective reversible – diclofenac, indomethacin, naproxen 
- selective COX2 – celecoxib, parecoxib (prodrug for valdecoxib), valdecoxib, 

meloxicam 
 
Mechanism of Action 
 
There are 3 isoforms of COX ! COX1, COX2 and COX3 
They are key components of the arachidonic acid pathway 
 
Membrane phospholipids ! PLA2 ! arachidonic acid ! binds to COX1 or COX2 
! prostaglandin H2 ! variety of prostaglandins: 

- prostacyclin (PGI2) 
- prostaglandin D2 
- prostaglandin E2 
- prostaglandin F2α 
- thromboxane A2 

 
COX1 is constitutively expressed whereas COX2 expression is induced by stress 
 
Aspirin non-selectively acetylates both COX1 and COX2 ! irreversible inhibition 
Other NSAIDs (e.g. diclofenac) binds to both COX1 and COX2 ! competitive 
inhibition 
Selective COX2 inhibitors only bind to COX2 ! competitive inhibition 
 
The clinical effects of NSAIDs are: 
(1) analgesia – via ↓PGE2 
(2) antipyrexia – via ↓PGE2 
(3) anti-inflammatory – via ↓PGE2 
(4) antiplatelet – aspirin, via ↓TxA2 
(5) ductus arteriosus closure – via ↓PGE2 
 



Side Effects 
 
Platelet dysfunction 
Platelet COX1 activation is responsible for normal thrombotic function ! via release 
of TxA2 ! vasoconstriction + activation of other platelets ! enhance stability of 
platelet plug as well as ↓washout of clotting factors 
 
∴ COX1 inhibition ! ↓thrombotic function of platelet 
Irreversible COX1 inhibition by aspirin ! platelet unable to function for remainder of 
its lifetime (as it is unable to synthesise new COX) 
 
There are no COX2 isoenzymes present in platelet ∴ COX2 blockers have no effect 
on platelet function 
 
Gastrointestinal 
PGI2 and PGE2 exert gastroprotective effects via stimulation of gastric mucus release 
Inhibition of COX1 ! ↓PGI2 + ↓PGE2 ! ↓gastric mucus ! precipitate peptic ulcer 
disease 
 
COX2 inhibitors have ↓side effects on gastric PG levels 
 
Cardiovascular 
COX1 and COX2 are both expressed in the endothelium 
Balance between COX1 and COX2 results in balance between procoagulant (TxA2) 
and anticoagulant effects (PGI2) 
 
COX2 ± COX1 blockade ! disrupt balance ! prothrombotic ! ↑vascular events 
(esp ↑incidence of myocardial infarction and stroke) 
 
Selective COX2 inhibition is associated with even higher risk of vascular events (e.g. 
rofecoxib, aka Vioxx, now withdrawn from market) 
 
Renal 
Prostaglandins and prostacyclins are important for the maintenance of intrarenal 
blood flow and thus GFR and tubular flow 
 
NSAIDs ! ↓PGI2 and ↓PGE2 ! ↓RBF ! ↓GFR ! salt + water retention, may 
precipitate interstitial nephritis and acute kidney injury 
 
COX2 is constitutively expressed in renal medulla ∴ COX2 inhibitors may also result 
in renal dysfunction 
 
Pulmonary 
COX inhibition ! ↓PGI2 + ↓PGE2 ! may precipitate bronchoconstriction in those 
susceptible 
 
Arachidonic acid may also be converted to leukotrienes via lipoxygenases 
With administration of NSAIDs ! ↓conversion of arachidonic to PGH2 ! ↑shunting 
of arachidonic to production of leukotrienes ! may precipitate bronchospasm 



 
Drug-drug interactions 
NSAIDs have high protein binding ! displace other drugs (e.g. warfarin, phenytoin, 
valproate, etc) from albumin ! ↑free drug ! ↑↑effect  
 
NSAIDs alter renal blood flow ! ↓renal clearance of other drugs (e.g. lithium, 
digoxin, etc) ! accumulation 
 
NSAIDs used in conjunction with ACE inhibitors ! ↓↓renal blood flow ! may 
precipitate acute kidney injury 
 
Anaphylaxis 
NSAIDs are linked with anaphylaxis as well as Steven-Johnson syndrome (esp. 
meloxicam) 
 
Aspirin Overdose 
Triphasic response to salicylate overdose: 
(1) respiratory alkalosis ! directly stimulate respiratory centre 
(2) metabolic acidosis ! absorption of salicylic acid, which is acidic 
(3) decoupling of electron transport chain ! histotoxic hypoxia with profound 
metabolic acidosis from lactaemia 
 
Advantages and Disadvantages of Selective COX2 Inhibition 
 
Advantages 
↓Risk of peptic ulcer disease 
↓Platelet dysfunction 
 
Disadvantages 
Usu. more expensive 
Can also precipitate acute kidney injury 
↑Risk of thrombosis – e.g. myocardial infarct, stroke, etc 
 
 
Examiner’s comments – 32.9% of candidates passed this question in 2012. 
 
Main Points expected for a Pass: 
" A list generated that included at least the 3 main categories of side effects – renal, 

platelet & gastric. 
" each side-effect to have the mechanism specific for the effect, described in some 

detail, particularly the prostaglandins involved & the implications 
" Gastric side-effects described in terms of inflammation, ulceration, perforation 

from ulceration & potential for gastric bleeding. 
" mechanism for gastric effects related to inhibition from protective effects of 

prostaglandins PGI2 & PGE2 
" renal side effects related to reduced renal blood flow and regulation and reduced 

GFR 
" mechanism for renal effects related to loss of prostacyclin mediated vasodilation 
" Platelet effects described as inhibition of aggregation related to prevention of 

action of thromboxane A2. Bleeding & bruising to be mentioned. 



" Precipitation of bronchospasm should have been included to achieve a good pass. 
The mechanism being shunting of PG metabolism to produce higher 
concentrations of leukotrienes. 

Additional Points which attracted higher marks: 
" effect on the patency of the ductus arteriosus in neonates 
" COX 2 inhibitors having a pro-thrombotic effect due to ratio of thromboxane to 

prostacyclin inhibition 
" COX 2 inhibitors effect on myocardial infarction and stroke. 
" worsening of renal side effects in particular patient populations such as 

hypovolaemia, CCF or liver disease. 
" NSAID effects on uterine tone 
" allergic effects such as Steven-Johnson syndrome 
" Inhibition of bone healing/repair. 
" Reye’s syndrome with aspirin use in children 
" toxic effects of aspirin on acid/base balance 
Common Mistakes: 
" large amount of irrelevant or non-specific information about PGss in general, 

particularly pages dedicated to the prostaglandin synthesis pathways 
" no list generated 
" no specific mechanisms described, with very limited details about the 

prostaglandins involved, or how their inhibition related to clinical effects. 
" some answers very short & incomplete, but no actual blank books 
 
29% of candidates passed this question in 2010. 
Candidates were expected to describe how the inhibition of cyclo-oxygenase results in 
both positive and negative clinical effects of NSAIDs. Many candidates did not link 
the reduction in prostaglandins, leukotrienes, thromboxane and interleukin to 
specific NSAID actions such as anti- pyrexia, analgesia and anti-inflammation.  
 
Physiological actions of prostaglandins and thromboxane were described but did not 
gain marks unless related to the clinical effects of NSAIDs. Marks were awarded for 
differentiating the isoforms of cyclo-oxygenase and the logic behind preferentially 
inhibiting COX-2. A structured approach naming the clinical effects of NSAIDs and 
how they occur through manipulation of eicosanoid production gained higher marks. 
 
Confusion occurred regarding the effect of COX-2 selective agents on asthma. 
Generally the precipitation of asthma is reduced. Omitting the allergic potential of 
COX-2 inhibitors and the fact that parecoxib is a pro-drug were common. Extra marks 
were awarded for describing the effects of NSAIDs on bone formation, the ductus 
arteriosus, the pregnant uterus and bowel cancer. 
 


