Evaluation of Disease-Modifying Effects Following Oral Administration of a Soluble Epoxide Hydrolase Inhibitor and Cyclooxygenase-2 Selective Inhibitor in Horses with Naturally Occurring Osteoarthritis
Objective: Soluble epoxide hydrolase (sEH) inhibitors have demonstrated promising anti-inflammatory and analgesic effects in vivo,1,2 indicating they may be useful in treating osteoarthritis without adverse effects. Soluble epoxide hydrolase inhibitors block an enzyme in the CYP 450 pathway to inhibit the conversion of anti-inflammatory molecules, epoxides, into pro-inflammatory molecules, diols. 
The previously completed parent study of this current secondary study found that the sEH inhibitor, t-TUCB, and a COX inhibitor, firocoxib, both individually and combined, were able to clinically improve lameness grades in horses with natural occurring osteoarthritis.3 The objective of this study was to determine potential disease modifying effects of the sEH inhibitor, t-TUCB, alone and in combination with the NSAID, firocoxib in horses with naturally occurring osteoarthritis by analyzing levels of synovial fluid PGE2 and bone biomarkers, as well as plasma and synovial fluid oxylipins. We hypothesize that treatments with both Firocoxib and t-TUCB will decrease markers of inflammation and have minimal effect on bone. Additionally, we expect that treatment with t-TUCB will increase levels of epoxides and decrease levels of diols.
Study Design: A 3-way crossover study with a 14-day washout period was performed utilizing 6 horses with naturally occurring osteoarthritis (Fig 1) administered a 10-day course of the 3 treatments: firocoxib (57 mg/day), t-TUCB (500 mg/day), or firocoxib (28.5 mg/day) with t-TUCB (500 mg/day). Plasma and synovial fluid samples were collected before and after each treatment. Commercial ELISAs were performed to measure synovial fluid concentrations of PGE2 and biomarkers of bone formation (Osteocalcin) and resorption (CTX-1). Ultra-high performance liquid chromatography with tandem mass spectrometry was used to analyze the levels of 58 plasma and 86 synovial fluid oxylipins (Fig 2). Results were analyzed using a mixed-model analysis of variance (ANOVA) and Tukey-Kramer adjustments with significance set at p≤0.05.
Results: Synovial fluid markers of bone formation (Osteocalcin) and resorption (CTX-1) did not change with treatment or vary between treatments. Synovial fluid PGE2 decreased with all treatments (p=0.05) (Fig 3). Overall, PGE2 was lower in synovial fluid during the firocoxib treatment phase (pre and post treatments together) when compared to t-TUCB (p=0.006). One treatment did not decrease PGE2 more than another. Arthritis was present in 3/3 carpal joints, 2/3 metacarpophalangeal joints, and 2/6 tarsal joints sampled for analyses (Fig 1). Between carpal (n=3), metacarpophalangeal (n=3), and tarsocrural (n=6) joints, synovial fluid CTX-1 was lowest in carpal joints and highest in fetlock joints (p≤0.04). Osteocalcin was lower in carpal joints compared to tarsal joints (p=0.04). Synovial fluid PGE2 was higher in carpal joints than metacarpophalangeal and tarsocrural joints (p≤0.005). 
Plasma levels of hydroxylated fatty acids (9-HOTE and 13-HODE:13-HOTE ratio), diols (9,10-DiHOME, 9,10-DiHODE, 12,13-DiHOME:12(13)-EpOME ratio, and 14,15-DiHETrE), and docosahexaenoic acid (DHA; C22:6n3) were found to decrease from pre to post treatment when all 3 treatments were combined (p=0.004). While individual treatments appeared to decrease these oxylipins, no significance was found within each treatment, and no treatment was found to decrease oxylipins more than the other. Synovial fluid levels of 9,10-DiHODE decreased following combined treatment and with firocoxib alone (p=0.0039), but not t-TUCB. Synovial fluid levels of 17,18-DiHETE significantly decreased with firocoxib administration (p=0.0017) but did not change with combined treatment or t-TUCB alone. Synovial fluid levels of 19,20-DiHDoPE were significantly higher in forelimbs compared to hindlimbs (p<0.0001). 
Limitations include use of variable joints and a lack of osteoarthritis in some joints sampled for synovial fluid. 
Conclusion: PGE2 decreased as expected, but this decrease was not different between treatments. As a product of the COX pathway, we expected a more significant decrease with administration of firocoxib compared to t-TUCB as firocoxib directly inhibits prostaglandin production, while t-TUCB may indirectly reduce PGE2 levels. The chronic nature of the osteoarthritis and low levels of active inflammation may have played a role.
Systemic pro-inflammatory diols and diol:epoxide ratios decreased over time with administration of all treatments as expected. However, we expected a more significant decrease in diols and increase in epoxides with t-TUCB as t-TUCB directly inhibits the production of diols, which did not occur. Additionally, in synovial fluid, 2 diols decreased in response to firocoxib but not t-TUCB alone. The lack of response of the diols to t-TUCB may again be due to the chronic nature of the osteoarthritis and a lack of inflammation. Additionally, dose dependent effects have been seen with t-TUCB, and a higher dose may be necessary to create a synovial fluid oxylipin change. The prior finding that these horses improved in lameness indicate that the systemic oxylipin effects or an analgesic effect are improving lameness rather than a joint level effect. This is one of the first oxylipin analyses in horses that the authors are aware of, and it shows promise in furthering our understanding of the effects of these drugs systemically and at the level of the joint.  
Figures: 
Fig 1. Horse joints and radiographic grades. Joints used in this study are bolded. All horses had arthritic joints, but not all arthritic joints could be sampled for analyses (eg. tarsometatarsal joints). One forelimb and one hindlimb joint was utilized for all analyses. The tarsocrural joint was utilized for hind limb joint synovial fluid sampling to be able to obtain enough sample. 	Comment by Collar, Elizabeth: Delete the joints that weren't used for biomarker or oxylipin analyses! 
	Horse
	Limb
	Joint
	Radiographic Grade

	1
	Left Forelimb
	Radiocarpal
	2

	
	
	Middle Carpal
	2

	
	
	Carpometacarpal
	2

	
	Right Forelimb
	Radiocarpal
	1

	
	
	Middle Carpal
	3

	
	
	Carpometacarpal
	2

	
	Right Hindlimb
	Tarsocrural
	1

	
	
	Tarsometatarsal
	1

	2
	Right Forelimb
	Metacarpophalangeal
	2

	
	Right Hindlimb
	Tarsometatarsal
	1

	
	
	Tarsocrural
	0

	3
	Left Forelimb
	Carpometacarpal
	1

	
	Left Hindlimb
	Distal Intertarsal
	2

	
	
	Tarsocrural
	0

	
	Right Hindlimb
	Distal Intertarsal
	1

	4
	Right Forelimb
	Metacarpophalangeal
	1

	
	Left Hindlimb
	Proximal Intertarsal
	3

	
	
	Distal Intertarsal
	3

	
	
	Tarsometatarsal
	3

	
	Right Hindlimb
	Proximal Intertarsal
	1

	
	
	Distal Intertarsal
	2

	
	
	Tarsometatarsal
	1

	5
	Left Forelimb
	Radiocarpal
	3

	
	
	Middle Carpal
	1

	
	Right Forelimb
	Middle Carpal
	2

	
	
	Carpometacarpal
	3

	
	Right Hindlimb
	Tarsocrural
	0

	6
	Right Forelimb
	Metacarpophalangeal
	0

	
	Left Hindlimb
	Distal Intertarsal
	1

	
	
	Tarsometatarsal
	1

	
	
	Tarsocrural
	0

	
	Right Hindlimb
	Tarsometatarsal
	1



Fig 2. Oxylipins analyzed in plasma and synovial fluid.
	Plasma Oxylipins
	Synovial Fluid Oxylipins

	6-keto-PGF1a
	6-keto-PGF1a

	15-deoxy_PGJ2
	15-deoxy_PGJ2

	9,12,13-TriHOME
	9,12,13-TriHOME

	8,15-DiHETE
	8,15-DiHETE

	RvE2
	RvE2

	13-HODE
	13-HODE

	9-HODE
	9-HODE

	12-HODE
	12-HODE

	10-HODE
	10-HODE

	9-HpODE_(screen)
	9-HpODE_(screen)

	13-HpODE_(screen)
	13-HpODE_(screen)

	9-HOTE
	9-HOTE

	13-HOTE
	13-HOTE

	15-HETE
	15-HETE

	12-HETE
	12-HETE

	12-HEPE
	12-HEPE

	5-HETE
	5-HETE

	20-HETE
	20-HETE

	9(10)-EpO
	9(10)-EpO

	12(13)-EpOME
	12(13)-EpOME

	9(10)-EpOME
	9(10)-EpOME

	15(16)-EpODE_(screen)
	15(16)-EpODE_(screen)

	9(10)-EpODE_(screen)
	9(10)-EpODE_(screen)

	12(13)-EpODE_(screen)
	12(13)-EpODE_(screen)

	12,13-DiHOME
	12,13-DiHOME

	9,10-DiHOME
	9,10-DiHOME

	15,16-DiHODE_(screen)
	15,16-DiHODE_(screen)

	12,13-DiHODE_(screen)
	12,13-DiHODE_(screen)

	9,10-DiHODE_(screen)
	9,10-DiHODE_(screen)

	9,10-DiHOME:9(10)-EpOME
	9,10-DiHOME:9(10)-EpOME

	12,13-DiHOME:12(13)-EpOME
	12,13-DiHOME:12(13)-EpOME

	15,16-DiHODE:15(16)-EpODE
	15,16-DiHODE:15(16)-EpODE

	9,10-DiHODE:9(10)-EpODE
	9,10-DiHODE:9(10)-EpODE

	12,13-DiHODE:12(13)-EpODE
	12,13-DiHODE:12(13)-EpODE

	14,15-DiHETrE
	14,15-DiHETrE

	11,12-DiHETrE
	11,12-DiHETrE

	17,18-DiHETE
	17,18-DiHETE

	14,15-DiHETE
	14,15-DiHETE

	18:2n6_(screen)
	18:2n6_(screen)

	C18:3n3_(screen)
	C18:3n3_(screen)

	C20:4n6_(screen)
	C20:4n6_(screen)

	C20:5n3_(screen)
	C20:5n3_(screen)

	C22:6n3_(screen)
	C22:6n3_(screen)

	1+2-AG
	1+2-AG

	1+2-LG
	1+2-LG

	1+2-OG
	1+2-OG

	N-16:1n7_EA
	N-16:1n7_EA

	N-C18:1n9_EA
	N-C18:1n9_EA

	N-C20:4n6_EA
	N-C20:4n6_EA

	N-C18:1n9_Gly
	N-C18:1n9_Gly

	N-C18:2n6_Gly
	N-C18:2n6_Gly

	N-C20:4n6_Gly
	N-C20:4n6_Gly

	N-C16:0_EA
	N-C16:0_EA

	N-C18:0_EA
	N-C18:0_EA

	N-C18:2n6_EA
	N-C18:2n6_EA

	N-C20:3n6_EA
	N-C20:3n6_EA

	N-C20:5n3_EA
	N-C20:5n3_EA

	N-C16:0_Gly
	N-C16:0_Gly

	 
	TXB2

	 
	F2IsoP

	 
	RvD2

	 
	6-trans-LTB4

	 
	5,15-DiHETE

	 
	Maresin_1

	 
	9-HETE

	 
	18-HEPE

	 
	15-HEPE

	 
	9-HEPE

	 
	17-HDoHE

	 
	14-HDoHE

	 
	7-HDoHE

	 
	4-HDoHE

	 
	12(13)-Ep-9-KODE

	 
	5-KETE

	 
	4-KDoHE

	 
	11(12)-EpETrE

	 
	14(15)-EpETE

	 
	11(12)-EpETE

	 
	16(17)-EpDoPE

	 
	13(14)-EpDoPE

	 
	10(11)-EpDoPE

	 
	8,9-DiHETrE

	 
	8,9-DiHETE

	 
	19,20-DiHDoPE

	 
	16,17-DiHDoPE

	 
	13,14-DiHDoPE



Fig 3. Synovial fluid PGE2 decreased with all treatments (p=0.05). Overall PGE2 was lower in synovial fluid during the firocoxib treatment phase (pre and post treatments) when compared to t-TUCB (p=0.006). One treatment did not decrease PGE2 more significantly than another. 
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