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Anti-inflammatory drugs 

Corticosteroids NSAIDs 



Why to investigate NSAIDS 

ÅAll domestic species suffer pain and controlling 
pain is a priority issue for veterinary 
pharmacologists 

ÅInflammation is a major source of pain 

ïAcute (e.g. infectious) or chronic (e.g. osteoarthritis) 

ÅTo determine an adequate dosage regimen 

ïEfficacy 

ïSafety  

» Selectivity (COX1 vs. COX2) 



A review 



Why to investigate PK/PD for NSAIDS 



Why PKPD for NSAIDs  

ÅDoses for NSAIDs were difficult to 
establish in veterinary medicine and 
historically wrong 

ÅThe case of aspirin in emblematic 



1795: Rev Edward Stone 
described the antipyretic 
properties of the willow 

1897 



Aspirin was not properly used in 
veterinary medicine 

ÅApparent no efficacy in large 
domestic species 

ÅVery toxic in cats 

ÅClinicians were actually unable to 
find the appropriate dose because 
they extrapolated the human dose to 
the veterinary species using the 
allometric paradigm 



The Lloyd E. Davisô paper on salicylate (1972) 
A non-linear PK with huge interspecific differences 
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A double log plot of salycilate 
half-life in different species 
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The Lloyd E. Davisô paper (1972) 

 ñthe present data 
indicate the futility of 
extrapolating dose and 
dosage regimens from 
one species to another, 
as has been done in the 
past, in the treatment of 
domestic animalsò 



The Lloyd E. Davisô paper (1972)  

ñWe believed that information relevant to 
the biotransformation and rates of 
disappearance from blood of several 
drugs in a series of large domestic 

animals might prove of valueò 



Mechanism of action of NSAIDs 



Å1982  Nobel Prize for Medicine for 
his research on mechanism of 
action of NSAID (prostaglandins).  



Cyclo-oxygenases (COXs) 

Physiology Inflammation 

COX1: constitutive 

macrophage / other cells 

COX2: inducible 

TXA2 PGI2 PGE2 

Platelets endothelium Kidney 

  stomach 

Protease PG others 

  médiators 

Inflammation 

Side effects Therapeutic effects 

Physiological function 



Two consequences of the 
knowledge  of the COXs 

ÅPossibility to develop preferential or even 
selective NSAIDs (i.e. COX-2 inhibitors) 

 

ÅTo use in vitro/ex vivo data  as surrogates 
of clinical endpoints to  approximate 
dosage of NSAIDS 



NSAIDs selectivity 



What is  selectivity:  
COX-1 vs COX-2 
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Robenacoxib selectivity 
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Test systems used to determine NSAIDS 
selectivity 



In vitro test to determine COX 
selectivity 

ÅNumerous in vitro test systems 

ïpurified/recombinant enzymes,  

ïcultures of intact cells 

ïtarget species whole blood (the 
so-called whole blood assay). 



The whole blood assay 



The whole blood assay 

ÅFreshly drawn, heparinized whole blood is incubated with 
calcium ionophore A23187  

ïA23187   activates COX1 and stimulate the production of 
thromboxane B2 (TxB2) by platelets . 

ïTxB2 concentration is  measured by immunoassay,  

ÅWhen blood is incubated with  E. lipopolysaccharide (LPS), 
COX2 is induced  

ïaspirin  had no effect on LPS-induced TxB2, but inhibited 
TxB2 production by ionophore A23187 through acetylation of 
pre-existing COX1.  

ïAlso measurement of PGE2 



Semrad et al. Flunixin meglumine given in small doses: pharmacokinetics and 

prostaglandin inhibition  in healthy horses. Am. J. Vet. Res.1985, 46(12): 2474-

2479 

Thromboxane B2 inhibition as 
function of flunixin concentration  



Selectivity of veterinary NSAIDS 

ÅCOX-1 preferential 

ïKetoprofen 

ïVedaprofen 

ïflunixine 

Non selective 

ïAspirin 

ïIbuprofene 

ïphenylbutazone 

COX-2 preferential 

Carprofene 

Meloxicam 

Ac. Tolfenamique 

COX-2 selective 

Firocoxib  

Robenacoxib  

Cimicoxib 

 Mavacoxib  



Ex vivo/in Vivo model of 
inflammation 

A.J. Higgins et al. Development of equine models of inflammation. Vet. Rec. 1987, suppl.120(22) 517-

522 



Tissue Cage Model of Acute Sterile 
Inflammation (P. Lees) 

ÅImplantation of perforated tissue cages at subcutaneous sites (4 
per animal) 

ÅInternal volume 

ï35 ml (calf, camel, horse) = 15 ml (pig) =10 ml (sheep, goat) 

ÅAfter >30 days, stimulation of granulation tissue by intracaveal 
injection 0.5 ml 1% carrageenan solution 

ÅWithdrawal at pre-determined times of inflamed fluid (exudate) 

ÅWithdrawal of non-inflamed fluid from control tissue cages 
(transudate) 



Data for PK/PD modelling 



Dependent variable for PK/PD 
modelling 

ÅIt can be useful to distinguish 
between drug: 

ïaction 

ïeffect 

ïresponse 



NSAID blood 

concentration 

COX 

inhibition 

Inhibition 

of PGE2 

production 

Suppression 

of lameness 

ACTION EFFECT RESPONSE 

Mechanistic 

interest 

Mechanistic interest 

Biomarker 

Clinical outcome 

(clinical or surrogate 

end points) 

Action vs. Effect vs. response for NSAIDs 


