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Now tailored to 
influence any tissue
Applications by a 
number of routes
• Systemic 
• Topical
• Intra-articular
• Physical



Remove inciting cause 

Decrease catabolic state  

(inflammation) 

Increase anabolic state 

Return to best possible use 

Objective, experimental testing often lags 
behind development and commercialization

Therapeutics now showing specific effects
• SMOADS – Symptom-modifying OA Drugs
• DMOADS – Disease-modifying OA Drugs
• Combination

Symptom modifying effects
• SMOAD - Symptom Modifying Osteoarthritic Drugs

Improve symptoms of disease
Anti-inflammatories
Pain modifying

Disease modifying effects
• DMOAD – Disease Modifying Osteoarthritic Drugs

Chondroprotective
Increase anabolic effects, decrease catabolic effects



Mode of action of various NSAIDs
• Pain relief

Clinical evidence
Site of action

Role in OA
• Role of synovitis in OA pain
• Effects of NSAIDs on synovial fluid

Negative effects - Toxicity



NSAIDs developed over 100 years ago
Inhibit enzyme systems that convert 
arachidonic acid into prostaglandins and 
leukotrienes

COX-1
• Constituative – (House-keeping COX) regulates normal cell 

function in some tissues
Gastric function
Renal function
Vascular homeostasis
Some hormonal regulation

COX-2
• Functions in converting arachidonic acid into Prostaglandins 

= inflammation
Different NSAIDs have variable COX-1 and COX-2 
effects



Known to induce localized pain and worsening 
of inflammation
Known to induce articular cartilage matrix 
degradation

Goal is to reduce Prostaglandins within local 
tissue exudate
• IA effects?
• CNS effects?

Most widely used NSAID
• Cheap
• Easy to administer orally

Oral absorption varies with feed within 
stomach. Fasted 1 hour pre and post = 6 hour 
absorption, hay present = 13 hours. (May and 
Lees, 96) 
Exudate lasts as long as 24  hours.

Significant positive clinical effects in synovitis  
at around 8-10 hours 
• Decrease lameness, PGE2, fluid volume. 
• effects were greater than Ketoprofen. (Owens, et al, Am J Vet 

Res, 1996)

Reduce lameness 2-8 hours after 
administration



9 horses with chronic forelimb lameness 
(Navicular Disease +/- other)
4.4 vs 8.8 mg/kg vs saline IV SID for 4 
days.14 day washout in between
NSD in peak vertical force or lameness 
between high dose and low dose PBZ.

29 horses with forelimb or hindlimb lameness
2.2 mg/kg oral PBZ vs 2.2 mg/kg oral PBZ 
plus 1.1 mg/kg IV flunixin q 12 hours for 5 
days
Combination was significantly better for 
kinematic outcomes



Quick oral absorption 
• 30 min if fasted
• 7.5 hours with feed

Action within 2 hours 
Effect up to 30 hours
Efficacy for visceral pain
Questionable clinical effect on lameness

12 horses with Navicular Disease
Each received 1.1mg/kg flunixin, 4.4 mg/kg bute or 
saline IV SID for 4 days with 14 day washout
Those treated with Flunixin and Phenylbutazone were 
sig improved compared to control, but NSD between 
each other
Effect maintained for 24 hours

Rapidly absorbed and eliminated
• Sequester in areas of peripheral inflammation
• Reason that it was thought to work well for OA

Was thought to be effective on 5-lipoxygenase 
• but no change in leukotrienes



7 horses with chronic laminitis
2.2 mg/kg vs 3.63 mg/kg Ketoprofen vs 4.4 mg/kg 
PBZ IV SID. 7 day washout.
Hooftester and Obel scoring
Ketoprofen at 3.63 mg/kg was significantly better 
than 2.2 mg/kg Ketoprofen and 4.4 mg/kg PBZ in 
alleviating pain associated with chronic laminitis.

10 mg/kg orally, sid, bid or eod
Limited efficacy studies for OA

Least understood NSAID in horses
Accumulates in inflammatory exudates

0.7 mg/kg IV, or 1.4 mg/kg PO sid
Potentially beneficial to proteoglycans, unlike 
some others



Nonselective COX inhibitor
Systemic
• Toxic
• Short elimination half-life requiring frequent dosing

Transdermal delivery

Surpass

Good for localized therapy

Good as adjunct to other 
therapies

Good for periodic and long 
term use

SURPASS®
Sham



Selective COX-2 inhibitor
Oral preparation at this time

Long half life, therefore sid treatment. 
• 5X-10X longer than phenylbutazone and flunixin

30% of plasma concentration penetrates into 
SF



64 horses treated with vehicle control, firocoxib at 
0.05, 0.1 or0.25 mg/kg PO
Force plate prior to tx, and again 10 hours after 
treatment on days -1 (no treatment),0, 2 and 6
Horses treated with 0.25 mg/kg were better than 
control on day 0
Horses treated with 0.1 mg/kg and 0.25 mg/kg doses 
were better than controls on days 2 and 6



17 million use NSAIDs daily, and over 60 
million prescriptions per year

What evidence is there that OA is an 
inflammatory disease, and how much of pain is 
due to synovitis?
• Evidence linking synovitis and oa is inconsistent. Ex = 

dog acl model
Variable effects on proteoglycan production in 
articular cartilage

Most studies show NSAIDs to help in reducing 
articular cartilage catabolism
Some studies also show:
• different NSAIDs have different effects on AC in vitro
• Pirprofen reduced articular cartilage degeneration in 

rabbits
• Tiaprofenic acid reduced medial femoral condyle 

erosion in ACL-deficient dogs 
• Tiaprofenic acid showed chondroprotective effects both 

with treatment and prophylactically

Rapid destructive OA with indomethacin
Some studies show:
• Acceleration of degeneration in spontaneous OA model 

in rats
• Depletion of proteoglycans in dogs 
• Increased water content in AC of ACL dogs given 

naproxen 
• Increased AC degeneration and increased chondrocyte 

death



No DMOADS effects, some negative effects 
on joints
Analgesia and overuse?

“…. In that there are no therapies without 
inherent risk to some patients, it is critical to 
understand the impact of that potential risk in 
the context of what clinical improvements can 
be expected by exposure to the therapy. The 
difficulty in measuring competing risks vs 
benefit continues to be challenging.”

“… there were no clinically significant differences in efficacy 
between the various non-aspirin NS NSAIDs and coxibs when 
used in comparable doses. Several additional studies and a 
review published after July 2005 have demonstrated that the 
COX-2 selective NSAIDs etoricoxib and lumiracoxib have 
similar efficacy to NS NSAIDs”
“Choice of a NS NSAID or a coxib in the individual patient 
with OA is predicated more on differences in safety and cost 
rather than efficacy.”



24 horses each with unilateral osteochondral 
fragment
• 8 horses – 7.3 g Diclofenac (DLC) bid
• 8 horses – 2 g phenylbutazone (PBX) sid
• 8 horses – no treatment

Evaluation of SMOAD and DMOAD 
outcomes

Significant improvement in lameness in PBZ and DLC groups 
compared to controls

Improved in both forelimbs in PBZ group
Improved in only the treated joint of DLC group

PBZ group had significantly less PGE2 in synovial fluid than 
other groups
Barely detectable amounts of DLC in synovial fluid
Significantly lower total articular cartilage erosion score in 
DLC treated than PBZ and control treated groups
Significantly better safranin-O staining in DLC treated than 
PBZ and control treated groups



Therefore, DLC did not 
lower PGE2, but had  
DMOAD effect
Significance of 
inflammation in OA and 
lameness?
Capsular pain effect?
How did DMOAD 
effect occur?

NSD in knee function at 42 days after knee 
arthroscopy between diclofenac acid, 
physiotherapy and control.
9.6% of diclofenac group had side effects.



Significant reduction in post-operative pain 
compared to control

253 horses
• treated with either 0.1 mg/kg PO q 24 hours firocoxib or 4.4 

mg/kg phenylbutazone q 24 hours for 14 days
• PE and LE days 0,7,14

NSD on day 7, NSD in le on day 14 
Firocoxib significantly better on ROM, pain on 
palpation and joint circumference
No adverse effects



18 horses – each with unilateral middle carpal joint 
LPS
• 6 horses – 4.4 mg/kg PBZ IV g 24 hours
• 6 horses – 23 mg/kg etodolac IV q 12 hours 
• 6 horses control

PBZ and etodolac reduced synovial fluid WBC 6 and 
24 hours post LPS injection
Both reduced synovial fluid PGE2 6 hours post LPS 
injection

Thromboxane 
reduced by PBZ
Probable COX-1 
factor

Evaluated NSAIDs on OA explants
Conventional NSAIDs reduced proteoglycan 
synthesis and content
COX-2 inhibitors increased proteoglycan 
synthesis and content
COX-2 could be protective



In Vitro study evaluating effects of NSAIDs on 
proteoglycan and HA synthesis
• Diclofenac had no effect on proteoglycan or HA 

depletion in OA explants
• Celecoxib increased HA and proteoglycan synthesis

Compared indomethacin, naproxen, 
aclecofenac and celecoxib on articular cartilage 
from OA joints
Higher COX-2/COX-1 resulted in:
• Higher proteoglycan synthesis and content
• Larger reduction in PGE2

Evaluated celecoxib using OA, acutely 
degenerated and normal articular cartilage
Celecoxib increased proteoglycan synthesis 
and normalized release of newly formed and 
resident proteoglycans



Pretreated patients for 4 weeks prior to surgery with 
celecoxib, indomethacin or nothing
Cartilage from those treated with celecoxib had 

increased proteoglycan synthesis, reduced release and 
increased content compared to nontreated and 
indomethacin treated



Followed 395 patients over 2.9 years and 
measured cartilage volume and defect size
COX-2 users = less defects compared to non-
NSAID users
NS NSAID users = increased defects and 
decrease cartilage volume



Phenylbutazone - Toxicity - >4.4 mg/kg BID 
for 2 days, then 2.2 mg/kg bid. 
Leads to: 
• Anorexia 
• Neutropenia
• Hypoproteinemia
• GI ulcer
• Renal papillary necrosis 
• Vascular thrombosis

Oral lesions with oral administration

8.8 mg/kg sid for 21 days 
12 horses but only 8 were evaluated vs placebo
Decreased albumin from 10-21 days 
Neutropenia
2 horses developed colitis 
NSD in histologic changes between pbz and control 
colons for histo, PGE2, etc
Signifocant increase in RDC arterial blood flow in 
pbz compared to control 



Flunixin
• Myonecrosis with IM.
• Toxic at around 5.5 mg/kg sid

Ketoprofen
• Low toxicity compared to PBZ and flunixin due to 

peripheral tissue accumulation at sites of inflammation 
and rapid clearance

Naproxen
• Wide safety margin

Convincing evidence for efficacy
• Phenylbutazone
• Flunixin
• Diclofenac
• Firocoxib

Selective COX-2 inhibitors
• Reduced toxicity
• Objective evidence for positive articular cartilage 

effects
• Untested in objective model of equine OA


