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ABSTRACT: Seventeen yearling Quarter Horses 
were used in a randomized complete block design 
for a 56-d trial to determine ability of dietary CLA 
to mitigate joint inflammation and alter cartilage 
turnover following an inflammatory insult. Horses 
were blocked by age, sex, and BW, and randomly 
assigned to dietary treatments consisting of com-
mercial concentrate offered at 1% BW (as-fed) sup-
plemented with either 1% soybean oil (CON; n = 6), 
0.5% soybean oil and 0.5% CLA (LOW; n  =  5; 
55% purity; Lutalin, BASF Corp., Florham Park, 
NJ), or 1% CLA (HIGH; n = 6) top-dressed daily. 
Horses were fed individually every 12 h and offered 
1% BW (as-fed) coastal bermudagrass (Cynodon 
dactylon) hay daily. This study was performed in 2 
phases: phase I (d 0 to d 41) determined incorpor-
ation of CLA into plasma and synovial fluid; phase 
II (d 42 to d 56) evaluated potential of CLA to miti-
gate intra-articular inflammation and alter cartilage 
metabolism. Blood and synovial fluid were collected 
at 7- and 14-d intervals, respectively, to determine 
fatty acid concentrations. On d 42, carpal joints 
within each horse were randomly assigned to re-
ceive intra-articular injections of 0.5 ng lipopolysac-
charide (LPS) derived from Escherichia coli 055:B5 

or sterile lactated Ringer’s solution. Synovial fluid 
samples were obtained at preinjection h 0 and 6, 12, 
24, 168, and 336 h postinjection, and analyzed for 
prostaglandin E2 (PGE2), carboxypeptide of type 
II collagen (CPII), and collagenase cleavage neo-
peptide (C2C). Data were analyzed using PROC 
MIXED procedure of SAS. Horses receiving the 
CON diet had undetectable levels of CLA for the 
duration of the study. A  quadratic dose response 
was observed in concentrations of CLA in plasma 
and synovial fluid (P < 0.01). A negative quadratic 
dose response was observed for plasma arachidonic 
acid (20:4) with a reduction in concentration to d 
14 in HIGH horses (P = 0.04). Synovial fluid 20:4 
tended to decrease in horses receiving the HIGH 
diet (P = 0.06). Post LPS injection, synovial PGE2 
was not affected by dietary treatment (P  =  0.15). 
Synovial C2C was lower in HIGH horses (P = 0.05), 
and synovial CPII tended to be greater in LOW 
horses than HIGH and CON horses (P = 0.10). In 
conclusion, dietary CLA incorporated into plasma 
and synovial fluid prior to LPS challenge. Dietary 
CLA did not influence inflammation; however, 
there was a reduction in cartilage degradation and 
an increase in cartilage regeneration.
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INTRODUCTION

Osteoarthritis (OA) is the leading cause 
of lameness in horses and is characterized by 
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degradation of articular cartilage, often by recur-
ring inflammation (McIlwraith et  al., 2012; 
Schlueter and Orth, 2004). Using synovial fluid bio-
markers, current research has focused on methods 
to mitigate inflammation through various nutra-
ceuticals. Supplementation of ω-3 fatty acids, most 
commonly in the form of fish oil, is unpalatable to 
horses and contains elevated levels of arachidonic 
acid (20:4; Hall et al., 2004). Glucosamine, a com-
mon dietary supplement, is known to have poor 
bioavailability and thus requires higher rates of 
supplementation for anti-inflammatory effects to 
occur in young horses (Leatherwood et al., 2016). 
Therefore, it is desirable to find a dietary supple-
ment that is both palatable and bioavailable.

Exogenous CLA delivered to growing pigs 
via dietary supplementation resulted in increased 
plasma concentrations of CLA, followed by incorp-
oration of CLA into muscle tissue (Kramer et al., 
1998). Conjugated linoleic acid’s anti-inflammatory 
effects (Battacharya et  al., 2006)  were studied in 
weaned pigs. Specifically, a systemic lipopolysac-
charide (LPS) challenge conducted in weaned pigs 
following dietary supplementation of CLA found 
reduced plasma prostaglandin E2 (PGE2) levels 
relative to pigs fed corn oil (Changhua et al., 2005). 
No publications describe the potential of CLA to 
incorporate into the synovium and reduce joint in-
flammation in any species.

Dietary CLA does reach measureable circu-
lating levels in equine plasma after 14 d of sup-
plementation (Headley et al., 2011). This indicates 
that dietary supplementation of CLA may be bene-
ficial in mitigating inflammation and minimizing 
cartilage turnover in the horse. Therefore, the ob-
jective of this study was to evaluate the potential 
of dietary CLA to reach synovial tissue, mitigate 
intra-articular inflammation, and minimize car-
tilage metabolism following an intra-articular LPS 
challenge.

MATERIALS AND METHODS

All procedures and handling of horses 
were approved by the Texas A&M University 
Institutional Animal Care and Use Committee.

Horses and Dietary Treatments

Horses assigned to the control dietary treat-
ment in the current study were used in conjunction 
with a previous study investigating the age-related 
effects on joint inflammation and cartilage metab-
olism (Kahn et al., 2017). Seventeen Quarter Horse 

yearlings (initial BW 354.0 ± 16.0 kg; 470 ± 26 d 
of age; 8 geldings and 9 fillies) were used in a rand-
omized complete block design for a 56-d trial. The 
experimental period was separated into 2 phases. 
Phase I consisted of 41 d and evaluated the incorp-
oration of dietary CLA into plasma and synovial 
tissues. Phase II began on d 42, continued to d 56, 
and consisted of an intra-articular LPS challenge 
to evaluate inflammation and cartilage turnover in 
response to dietary CLA. All diets were formulated 
to be isocaloric and isonitrogenous, and horses were 
fed individually in 3 × 3 m stalls at 1% BW (as-fed) 
commercial concentrate feed (14% CP textured 
feed, Producers Cooperative Association, Bryan, 
TX) and 1% BW (as-fed) coastal bermudagrass 
(Cynodon dactylon) hay daily that was separated 
into 2 feedings at 0630 and 1830 h. Diets were for-
mulated to meet or exceed NRC requirements, and 
were adjusted weekly for changes in BW (NRC, 
2007). All dietary treatments were top-dressed on 
the concentrate feed and fed as a percent of total 
diet. Horses received either a control diet contain-
ing 1% soybean oil (CON; n = 6), 0.5% soybean oil 
+ 0.5% CLA (LOW; n = 5), or 1% CLA (HIGH; 
n = 6). The CLA supplement contained 55% CLA 
with a mixture of cis-9, trans-11 and trans-10, cis-
12 isomers (Lutalin, BASF Corp., Florham Park, 
NJ). Composited samples of concentrate, hay, soy-
bean oil, and CLA were all analyzed by a commer-
cial laboratory for nutrient content (Table  1) and 
fatty acid concentrations (Table 2).

Phase I: Physical Measurements, Blood, and 
Synovial Fluid Samples

Weekly, beginning at d 0, physical growth 
measurements were recorded including BW, 

Table 1. Nutrient composition of concentrate and 
hay (DM basis) fed to yearling horses

Concentratea

Coastal  
bermudagrass hay

DM, % 92.35 92.45

CP, % 18.82 11.26

NDF, % 16.83 61.05

ADF, % 9.47 33.87

DE, Mcal/kg 3.42 2.51

Ether extract, % 6.84 3.53

Ca, % 1.14 0.60

P, % 0.73 0.22

K, % 1.35 1.12

Mg, % 0.26 0.34

a14% CP textured feed (Producer’s Cooperative, Bryan, TX) offered 
at 1% BW (as-fed basis).
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wither and hip heights, body length, heart girth 
circumference, rump fat thickness, and BCS. The 
BCS was determined using the 1 to 9 scale outlined 
by Henneke et al. (1983). Rump fat thickness was 
measured via ultrasound images on the left hip at 
a point 5 cm dorsal of  halfway between the first 
coccygeal vertebrae and the ischium (Westervelt 
et  al., 1976) using an ultrasound instrument 
(Aloka SSD-500V, Aloka Inc., Tokyo, Japan). 
Blood samples (10  mL) were collected weekly 
via jugular venipuncture into evacuated tubes 
containing K3 EDTA (BD Vacutainer, Franklin 
Lakes, NJ). Samples were immediately placed on 
ice and centrifuged at 2,000 × g for 20 min at 4 °C. 
Plasma was collected into pour-off  tubes and 
stored at −20  °C for subsequent analysis. Every 
2 wk, synovial fluid was collected on both carpal 
joints via sterile arthrocentesis. Samples within 
horse were then pooled for each time point as a 
representative sample, and stored at −20 °C until 
further analysis. The pooled sample for each time 
point provided the necessary 3 mL synovial fluid 
for fatty acid analysis.

Phase II: Intra-articular LPS Challenge

On d 42, an intra-articular LPS challenge was 
conducted. For each horse, radial carpal joints 
were randomly assigned as either treatment (LPS) 
or contralateral control (lactated Ringer’s solu-
tion [LRS]). At preinjection h 0 (PIH 0), carpal joints 
were aseptically prepared and horses were sedated 
with 1.5 mL Sedivet (romifidine hydrochloride 1% 
injection, Boehringer Ingelheim, Fremont, CA). 
Synovial fluid (1 to 4 mL) was collected aseptically via 
arthrocentesis. Immediately following PIH 0 sample 
collection, 0.5  ng Escherichia coli O55:B5 derived 
LPS (Sigma-Aldrich, St Louis, MO) was injected to 
the randomly assigned LPS joint. The 0.5 ng LPS 
was reconstituted in 0.8 mL sterile lactated Ringer’s 
solution. The LRS joint received 0.8 mL sterile lac-
tated Ringer’s solution only. Injections were given 
at a location medial to the extensor carpi radia-
lis tendon in the palpable depression between the 

radial carpal bone and the third carpal bone to a 
depth of approximately 12.7 mm to avoid unneces-
sary contact with articular cartilage (Trotter and 
McIlwraith, 1996).

Following LPS injection, synovial fluid samples 
were collected via arthrocentesis at 6, 12, 24, 168, 
and 336 h. Synovial fluid samples were transferred 
to nonadditive 10-mL vacutainers (serum blood col-
lection tubes, BD Vacutainer, Franklin Lakes, NJ) 
and immediately placed on ice. Synovial fluid was 
then divided into small aliquots in 1.5-mL snaplock 
microtubes and stored at −20 °C for later analysis. 
Prior to collection times PIH 0, and 6, 12, and 24 h 
postinjection, rectal temperature (RT; °C), heart 
rate (HR; beats per min), and respiration rate (RR; 
breaths per min) were recorded. Prior to each collec-
tion time, carpal circumference was measured at the 
level of the accessory carpal bone using a soft tape 
measure, and surface temperature of each carpal 
joint was determined at the same location and from 
a distance of 1.2 m using an infrared camera (FLIR 
E60 Series, Flir Systems Inc., Wilsonville, OR).

Sample Analyses

Total lipids were extracted by a modification of 
the method of Folch et al. (1957). In brief, 1 mL 
of plasma or 3 mL of synovial fluid were extracted 
in chloroform:methanol (2:1, vol/vol) and fatty acid 
methyl esters (FAME) were prepared as described 
by Morrison and Smith (1964), modified to include 
an additional saponification step (Archibeque et al., 
2005). The FAME were analyzed using a Varian 
gas chromatograph (model CP-3800 fixed with a 
CP-8200 autosampler, Varian Inc., Walnut Creek, 
CA). Separation of FAME was accomplished on 
a fused silica capillary column CP-Sil88 [100 m × 
0.25 mm (i.d.)] (Chrompack Inc., Middleburg, The 
Netherlands), with hydrogen as the carrier gas (flow 
rate = 35 mL/min). After 32 min at 180  °C, oven 
temperature was increased at 20 °C/min to 225 °C 
and held for 13.75 min. Total run time was 48 min. 
Injector and detector temperatures were at 270 °C 
and 300  °C, respectively. Individual fatty acids 

Table 2. Concentration of CLA isomers and arachidonic acid in feedstuffs and supplements

Fatty acid Concentratea Coastal bermudagrass hay Soybean oil CLAb

cis-9, trans-11 CLA, % NDc ND ND 26.18

trans-10, cis-12 CLA, % ND ND ND 26.12

Arachidonic acid, % 0.25 0.52 0.32 0.57

a14% CP textured feed (Producer’s Cooperative, Bryan, TX).
bLutalin (BASF Corp., Florham Park, NJ).
cND, not detectable (minimum detectable level 0.003%).
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were identified using genuine external standards 
(Nu-Chek Prep, Inc., Elysian, MN).

Synovial fluid collected during the LPS chal-
lenge was analyzed for PGE2, CPII, and C2C 
using ELISA kits previously validated for use in 
horses (Bertone et al., 2001; de Grauw et al., 2006). 
Synovial fluid samples for PGE2 analysis were 
diluted at 2:1, 1:2, 1:3, or 1:4 depending on time 
postinjection using calibrator diluent provided in 
the kit (R&D Systems, Inc., Minneapolis, MN). 
Samples for CPII analysis were diluted at 1:4, 1:5, 
1:6, or 1:7 using buffer III provided by the kit, and 
samples for C2C analysis were diluted at 1:3 using 
buffer III (IBEX Pharmaceuticals Inc., Montreal, 
Quebec, Canada).

Final concentrations of all markers were read 
using a microplate reader with optical density set 
at 450 nm (BioRad 680 Microplate Reader, BioRad 
Laboratories, Hercules, CA). The PGE2 ELISA had 
intra-assay precision between 5.0% and 9.0% and 
inter-assay precision between 9.0% and 12.9%. The 
CPII plates ran with inter-assay precision within 
plates between 0.5% and 9.5% and intra-assay pre-
cision between plates between 0% and 8.8%. The 
C2C commercial kits used a mouse monoclonal 
antibody and the assay had an inter-assay precision 
between 0.6% and 9.5% and intra-assay precision 
between 1.0% and 6.0%.

Statistical Analysis

Samples were numerically coded in a blinded 
fashion and were processed randomly to eliminate 
systematic error. All data were analyzed using the 

PROC MIXED method of SAS (SAS Inst. Inc., 
Cary, NC). The model contained effects for treat-
ment, time, and treatment by time by knee interac-
tions to determine the incorporation of CLA into 
plasma and synovial fluid. Orthogonal contrasts 
were implemented for means separation. When all 
horses were challenged with LPS, the model state-
ment included diet, injection type, time, and their 
respective interactions. Linear and cubic effects 
were tested in the form of orthogonal contrasts. 
Block was initially added as a main effect for all 
analyses, but removed from the model if  insignifi-
cant. Significance was established for all variables 
at P ≤ 0.05, and P ≤ 0.10 was defined as a trend to-
ward significance.

RESULTS

Phase I: Physical Measurements, Plasma, and 
Synovial Fluid Fatty Acid Concentrations

Horses readily consumed all diets and there 
were no significant refusals across dietary treatment 
groups for the entire 56-d experimental period. 
Wither height, hip height, BW, BCS, length, heart 
girth circumference, and rump fat thickness were 
not affected (P > 0.40) by dietary treatment; how-
ever, all physical measurements increased over time 
(P < 0.01; Table 3).

A quadratic dose response was observed be-
tween concentrations of CLA isomers in plasma 
and synovial fluid (c9, t11; t10, c12; Tables 4 and 5). 
In plasma, CLA concentrations increased in horses 
receiving the HIGH dose of dietary CLA by d 28 

Table 3. Effect of dietary CLA supplementation on yearling physical measurements

Item Time

Treatmenta

SEM

P-values

CON LOW HIGH Trt Time Trt * time

BW, kg Initial 353.0 353.0 354.8 10.4 0.97 <0.01 0.93

Final 373.0 375.0 373.2

Wither height, cm Initial 137.3 139.3 138.1 1.9 0.81 <0.01 0.42

Final 140.7 141.4 141.9

Hip height, cm Initial 143.5 144.7 143.8 1.5 0.93 <0.01 0.89

Final 147.9 147.7 147.6

Length, cm Initial 147.2 146.2 145.2 1.7 0.97 <0.01 0.73

Final 153.3 153.7 153.6

Heart girth, cm Initial 159.8 157.5 160.5 1.9 0.87 <0.01 0.71

Final 164.0 163.6 164.0

RFTb, cm Initial 0.28 0.29 0.28 0.01 0.78 <0.01 0.79

Final 0.33 0.34 0.34

BCS Initial 5.5 5.8 5.4 0.2 0.81 <0.01 0.72

Final 5.8 5.9 5.8

aCON = 1% diet soybean oil; LOW = 0.5% diet soybean oil, 0.5% diet CLA; HIGH = 1% diet CLA.
bRFT = rump fat thickness measured by ultrasound (Westervelt et al., 1976).
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continuing to d 42 above LOW. Horses receiving 
the LOW dose of dietary CLA also exhibited an in-
crease at d 28 where concentrations plateaued, but 
were lower than horses receiving the HIGH dietary 
treatment. Concentrations of CLA isomers in syn-
ovial fluid illustrate an increase in horses receiving 
the HIGH dose of CLA to d 28 above LOW, and 
continue to increase to d 56. Horses receiving the 
LOW dose also increased CLA concentrations in 
synovial fluid to d 56 with lower concentrations 
than HIGH.

Plasma concentrations of  20:4 (Table  4) 
exhibited a negative quadratic dose relation-
ship, where horses receiving the HIGH dose of 

dietary CLA had a marked decrease in 20:4 con-
centrations to d 14 followed by a plateau. Horses 
receiving the LOW dose of  dietary CLA had a 
slower rate of  20:4 decrease to d 28, and horses 
on the CON diet had unchanging levels of  20:4 
in plasma during the 56-d supplemental period. 
Synovial fluid concentrations of  20:4 (Table  5) 
tended to be influenced by treatment (P  =  0.06) 
with horses receiving the HIGH CLA diet having 
lower concentrations than CON (P = 0.02), and 
LOW tending to have lower concentrations than 
CON (P = 0.10). Concentrations of  20:4 did not 
differ between LOW and HIGH treatment groups 
(P = 0.49).

Table 4. Effect of CLA supplementation on concentrations of CLA and arachidonic acid in plasma

Fatty acid, mg/100 mg total fatty acids Day

Treatmenta

SEM

P-values

CON LOW HIGH Trtb Time Contrastc

cis-9, trans-11 CLA 0 0.00 0.00 0.00 0.10 <0.01 <0.01 <0.01

28 0.00a 0.92b 1.96c

42 0.00a 0.80b 2.47c

56 0.00a 0.92b 1.69c

trans-10, cis-12 CLA 0 0.00 0.00 0.00 0.11 <0.01 <0.01 <0.01

28 0.00a 0.90b 1.75c

42 0.00a 0.73b 2.15c

56 0.00a 0.90b 1.62c

Arachidonic acid 0 0.87 0.83 0.79 0.09 0.02 0.50 0.04

28 0.94 0.77 0.74

42 0.89a 0.76a,b 0.63b

56 0.82a 0.82a 0.54b

aCON = 1% diet soybean oil; LOW = 0.5% diet soybean oil, 0.5% diet CLA; HIGH = 1% diet CLA.
bTrt = main effect of treatment for the 56-d trial.
cContrast = quadratic contrast of dietary treatments to d 42, prior to the LPS challenge.
a–cSuperscripts denote differences between dietary treatments (P < 0.05).

Table 5. Effect of CLA supplementation on concentrations of CLA and arachidonic acid in synovial fluid

Fatty acid, mg/100 mg total fatty acids Day

Treatmenta

SEM

P-values

CON LOW HIGH Trtb Time Contrastc

cis-9, trans-11 CLA 0 0.00 0.00 0.00 0.08 <0.01 <0.01 <0.01

28 0.00a 0.22a 0.73b

42 0.00a 0.35b 0.62c

56 0.00a 0.48b 0.79c

trans-10, cis-12 CLA 0 0.00 0.00 0.00 0.08 <0.01 <0.01 <0.01

28 0.00a 0.18a 0.69b

42 0.00a 0.35b 0.62c

56 0.00a 0.43b 0.81c

Arachidonic acid 0 1.16 1.29 1.25 0.2 0.06 <0.01 0.22

28 1.04 0.61 0.77

42 1.47a 0.93b 0.8b

56 1.35a 1.15a 0.86b

aCON = 1% diet soybean oil; LOW = 0.5% diet soybean oil, 0.5% diet CLA; HIGH = 1% diet CLA.
bTrt = main effect of treatment for the 56-d trial.
cContrast = quadratic response of dietary treatments to d 42, prior to the LPS challenge.
a-cSuperscripts denote differences between dietary treatments (P < 0.05).
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Phase II: LPS Challenge

During the LPS challenge, dietary treatment 
did not affect HR, RR, or RT (P ≥ 0.13), but all 
measurements were influenced by time post LPS 
injection (P  <  0.01; Fig.  1). Both HR and RR 
decreased (P < 0.01) from PIH 0 to 6 h postinjec-
tion, and an increase from baseline for all 3 vital 
signs was recorded at 12 h postinjection (P < 0.01). 
All vitals, however, returned to baseline levels by 
24 h postinjection.

A treatment by time interaction (P < 0.01) for 
carpal circumference was observed and charac-
terized by delayed peak values in CON horses to 
168 h compared to peak values at 24 h by both the 
HIGH and LOW treatment groups. Carpal circum-
ference was not affected by dietary treatment or 
knee (P = 0.74), and because carpal circumference 
was not influenced by knee (P < 0.74), combined 
mean carpal circumference for both the LRS and 
LPS joint is presented (Fig. 2). There was an effect 
of time (P < 0.01) with peak circumference values 
noted at 24 h postinjection, followed by a decrease 
at 168 h.

A tendency toward a dietary treatment by 
time interaction for carpal surface temperature 
(P = 0.10) was observed, which was evident at pre-
injection h 0 and postinjection h 24. Surface tem-
peratures recorded at h 0 were greater (P < 0.01) for 
LOW horses vs. HIGH, and tended to be greater 
(P = 0.06) than CON horses. At 24 h postinjection, 
the CON group’s carpal surface temperatures were 
lower (P = 0.03) than both HIGH and LOW horses.

Carpal surface temperatures tended to be influ-
enced by dietary treatment (P = 0.10) with horses 
fed the LOW diet having greater surface tempera-
tures than CON (P = 0.04). Since no effect of knee 
was noted (P < 0.27), mean carpal surface temper-
atures for both carpal joints are presented (Fig. 3). 
Regardless of dietary treatment, carpal surface 
temperatures were influenced by time (P  <  0.01) 
with peak values noted at 6  h postinjection with 
an increase from baseline levels at h 0 (P < 0.01). 
Values remained elevated at 12 h postinjection and 
fell from h 12 to 24 (P < 0.01) to levels tending to be 
below baseline (P = 0.06).

Figure 1. Clinical assessment of HR (panel A), RR (panel B), and 
RT (panel C) after intra-articular LPS (derived from Escherichia coli 
O55:B5) injection. Treatments were 1% diet soybean oil (CON; n = 6), 
0.5% diet soybean oil with 0.5% diet CLA (LOW; n = 5), and 1% diet 
CLA (HIGH; n = 6).

Figure  2. Carpal joint circumference (cm; least squares mean ± 
SEM) after intra-articular LPS (derived from Escherichia coli O55:B5) 
injection at preinjection h 0 and 6, 12, 24, 168, and 336 h postinjection. 
Treatments were 1% diet soybean oil (CON; n = 6), 0.5% diet soybean 
oil with 0.5% diet CLA (LOW; n = 5), and 1% diet CLA (HIGH; n = 6). 
Main effects include dietary treatment (P = 0.74) and time (P < 0.01).
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Synovial PGE2 concentrations exhibited a time 
by knee interaction (P < 0.01), with the LPS knee 
showing greater changes in concentration over time 
compared to the LRS knee (Fig. 4). Peak PGE2 con-
centrations were observed at 6 and 12 h postinjec-
tion with a return to baseline by 168 h postinjection 
in the LPS knee. In the LRS knee, concentrations 
peaked 24 h postinjection (P = 0.02) and returned 
to baseline by 168 h. There was a significant knee 
effect with the LPS knee having greater (P = 0.01) 
PGE2 concentrations than the LRS knee. Synovial 
PGE2 concentrations were not influenced by dietary 
treatment (P ≥ 0.15); however, PGE2 concentrations 
were affected by time (P  <  0.01) with concentra-
tions increasing to peak values at 6 h postinjection 
and decreasing to baseline by 336 h for all horses. 
Because PGE2 was not influenced by dietary treat-
ment, the time * knee interaction is represented in 
Fig. 4 to validate that the LPS model stimulated an 
acute, transient inflammatory response.

A treatment by time interaction (P = 0.03) was 
observed for synovial fluid C2C concentrations, 
where, at PIH 0, HIGH horses had lower (P = 0.02) 
values than LOW, and CON horses tended to have 
lower concentrations (P = 0.10) than LOW horses 
(Fig.  5). Also, at 24  h postinjection, HIGH CLA 
horses had lower concentrations than both the 
LOW and CON groups (P  =  0.02 and P  <  0.01, 
respectively). Synovial C2C concentrations were 
influenced by dietary treatment with horses in the 
HIGH group having lower (P  =  0.01) concentra-
tions than LOW. There was also an effect of time 
(P  <  0.01) with peak values seen at 12 and 24  h 
postinjection and returning to baseline by 336  h. 
Concentrations of C2C tended to be influenced by 
knee (P = 0.08) with the LPS injected joint having 
greater concentrations than the LRS joint over the 
24 h challenge.

Horses receiving the LOW dose CLA treatment 
tended to have greater (P  =  0.10) synovial CPII 
concentrations than the other treatment groups. 
Synovial samples from the LPS knee also tended 
to have greater CPII concentrations (P = 0.06) than 
samples from the LRS knee. There was an effect 
of time (P < 0.01) with concentrations increasing 
(P = 0.03) from PIH 0 to 12 h followed by a sharp 
increase (P < 0.01) to peak values from 12 to 24 h 
postinjection (Fig.  6). Concentrations of CPII 
decreased (P < 0.01) from 168 to 336 h but did not 
reach baseline values by the end of the trial (Fig. 6).

DISCUSSION

This study assessed the ability of dietary CLA 
to mitigate joint inflammation and alter cartilage 
turnover following an inflammatory insult in 
horses. During the 56-d study of yearling horses, 
their BW, hip and wither heights, length, and heart 
girth circumference increased over time, which was 
expected. Plasma CLA concentrations were not de-
tectable in the CON dietary treatment at any time, 
which was also expected since the CON diet con-
tained no detectable levels of CLA. Changes in 
plasma CLA concentrations in the current study for 
yearling horses in the LOW group followed the same 
trend found by Headley et al. (2011), who reported 
measureable levels of CLA detected at d 14 with 
peak concentrations at d 28 in mature mares sup-
plemented with dietary CLA. Interestingly though, 
in the current study, horses in the HIGH treat-
ment group did not follow the same trend, and had 
steady increases in plasma CLA concentrations to 
d 42, followed by a notable decrease in circulating 
levels at d 56. The decrease in CLA concentrations 

Figure 3. Carpal joint surface temperature (°C; least squares mean 
± SEM) at preinjection h 0 and 6, 12, 24, 168, and 336 h post LPS 
injection. Treatments were 1% diet soybean oil (CON; n  =  6), 0.5% 
diet soybean oil with 0.5% diet CLA (LOW; n = 5), and 1% diet CLA 
(HIGH; n = 6). Main effects include dietary treatment (P = 0.12) and 
time (P < 0.01).

Figure 4. Mean synovial fluid concentrations (pg/mL) of PGE2 over 
time (h) after intra-articular injection of 0.5 ng LPS or 0.8 mL sterile 
lactated Ringer’s solution (LRS). Main effect includes LPS (P = 0.01). 
a,bSuperscript denotes difference between knee (P < 0.05).
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from d 42 to 56 may be explained by the inflam-
matory response caused by LPS injection affecting 
circulating fatty acid concentrations for the final 
14 d of the study. During peak inflammation, fatty 
acids are recruited from the phospholipid bilayer 
to produce proinflammatory prostaglandins. The 
re-filling of the phospholipid bilayer could po-
tentially explain the reduction in circulating CLA 
levels in plasma. This is further supported by the 
subsequent increase in synovial fluid CLA concen-
trations from d 42 to d 56.

Arachidonic acid, the fatty acid precursor to 
prostaglandin production, was reduced in both 
plasma and synovial fluid of horses receiving the 
HIGH CLA diet. This corresponds to findings by 
Headley et al. (2011), in which lower concentrations 
of 20:4 were measured in plasma of horses supple-
mented to the same extent as in the current study (at 
0.01% BW CLA) than in the corn oil-supplemented 

controls. In synovial fluid, 20:4 was less for both 
LOW and HIGH dietary treatment groups, indicat-
ing the potential for CLA to reduce inflammation 
during an acute inflammatory response. In regards 
to LOW horses having similar 20:4 levels as CON 
in plasma in the current study, it may be that 0.5% 
diet CLA may not be sufficient to reduce circulating 
20:4 levels in the horse. During an inflammatory re-
sponse, 20:4 present in cell membranes is converted 
to inflammatory prostaglandins, including PGE2, 
through the COX-2 pathway. A  successful reduc-
tion in circulating and synovial 20:4 levels through 
1% diet CLA supplementation reduces the avail-
ability of a direct precursor to inflammation.

In phase II of this study, clinical responses of 
HR, RR, and RT recorded prior to arthrocentesis in 
the first 24 h of the LPS challenge were unaffected 
by dietary treatment; however, the increased han-
dling and stress of repeated arthrocentesis may 

Figure 5. Mean synovial fluid concentrations (ng/mL) of C2C over time (h) after intra-articular injection of 0.5 ng LPS (panel A; LPS; derived 
from Escherichia coli 055:B5) or 0.8 mL sterile lactated Ringer’s solution (panel B; LRS). Treatments were 1% diet soybean oil (CON; n = 6), 
0.5% diet soybean oil with 0.5% diet CLA (LOW; n = 5), and 1% diet CLA (HIGH; n = 6). Main effects include dietary treatment (P = 0.05), time 
(P < 0.01), and LPS (P = 0.08). a,bSupersripts denote differences between dietary treatments (P < 0.05).
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explain the changes in vitals over the 24 h period. 
Values recorded at PIH 0 and postinjection h 24 
were not different indicating that all vitals returned 
to baseline by 24  h post LPS injection. Residual 
effects from sedation prior to arthrocentesis may 
explain the decreased values of each vital sign at 
6 h postinjection. Peak values at 12 h postinjection 
correspond to the increased inflammatory response 
as indicated by peak PGE2 concentrations, caus-
ing a slight, but noticeable increase in vital signs. 
It is important to note, however, that vitals were 
never outside the normal range confirming that 
no animal had an adverse, systemic reaction to the 
LPS injection.

Carpal circumference and surface temperature 
values were also measured during the LPS chal-
lenge on both the LPS and LRS knees, using the 
LRS knee as a contralateral control. The increase 
over time in carpal circumference without an effect 
of knee indicates increased joint effusion from the 

initiation of an inflammatory response in both 
carpal joints. The increased effusion reflected by 
increased carpal circumference in the LRS joint is 
likely due to repeated arthrocentesis and has been 
noted in a previous study (van den Boom et  al., 
2005). Both carpal joints had greatest values at 24 h 
postinjection, which is consistent with findings in a 
similar study performed by Lucia et al. (2013) using 
LPS in weanling horses.

Increased surface temperatures during an in-
flammatory response are caused by hyperemia at 
the site of inflammation due to increased metabolic 
waste accumulation (Bliss, 1998). In the current 
study, carpal surface temperatures peaked at 6 and 
12 h postinjection, which were expected due to the 
inflammatory response caused by LPS injection. 
Surface temperatures in both knees returned to 
baseline levels by 24 h postinjection, which indicate 
a return to normal blood flow and reduction in in-
flammation. This is one of the first uses of infrared 

Figure  6. Mean synovial fluid concentrations (ng/mL) of CPII after intra-articular injection of 0.5  ng LPS (panel A; LPS; derived from 
Escherichia coli O55:B5) or 0.8 mL sterile lactated Ringer’s solution (panel B; LRS). Treatments were 1% diet soybean oil (CON; n = 6), 0.5% diet 
soybean oil with 0.5% diet CLA (LOW; n = 5), and 1% diet CLA (HIGH; n = 6). Main effects include dietary treatment (P = 0.10), time (P < 0.01), 
and LPS (P = 0.06). a,bSupersripts denote differences between dietary treatments (P < 0.05).
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images during an intra-articular LPS challenge, and 
values appear to correspond closely with inflamma-
tory markers in synovial fluid.

Analyses of  synovial fluid biomarkers indi-
cate time effects on PGE2, CPII, and C2C, vali-
dating the LPS model and the ability to stimulate 
an acute and transient inflammatory response. In 
addition, the LPS carpal joint had consistently 
greater concentrations of  each biomarker com-
pared to the LRS joint, further confirming the 
effectiveness of  LPS to induce an acute inflamma-
tory response. An increase in PGE2 and cartilage 
biomarkers was expected in the LRS knee due to 
repeated arthrocentesis. Furthermore, the delayed 
response of  biomarkers in the LRS knee indicate 
that repeated arthrocentesis, compared to a single 
arthrocentesis, is required to initiate a measurable 
inflammatory response. Peak concentrations for 
PGE2, CPII, and C2C correspond to values previ-
ously recorded in studies performed by Lucia et al. 
(2013) and de Grauw et al. (2009) who measured 
similar parameters in carpal joints of  weanling and 
mature horses following intra-articular LPS injec-
tion. Furthermore, both PGE2 and C2C returned 
to baseline prior to 336  h postinjection proving 
that inflammation caused by intra-articular LPS 
injection is transient.

Prostaglandins released during an immune re-
sponse function to regulate the early phases of 
inflammation. Specifically, PGE2 promotes early 
stages of local inflammation through vasodilation, 
and activation of neutrophils and macrophages 
(Kalinski, 2012). Numerous studies have measured 
PGE2 concentrations in the horse, and have con-
firmed its use as an excellent biomarker of equine 
joint disease and inflammation (Bertone et  al., 
2001). In regards to the effect of CLA on syn-
ovial PGE2 concentrations, no treatment effect or 
treatment by time interaction was observed. The 
limited number of horses in each treatment group 
may explain not detecting an effect of treatment. 
Furthermore, the late increase in CLA concentra-
tions in synovial fluid indicates that this study may 
not have captured the maximum effects of CLA. 
Complete incorporation of CLA into the phospho-
lipid bilayers of joint tissue would allow CLA to re-
duce 20:4 concentrations via competitive inhibition, 
activate PPARγ, and suppress the COX-2 pathway 
of inflammation (Kramer et al., 1998; Thiel-Cooper 
et al., 2001; Yu et al., 2002). Following CLA sup-
plementation to pigs, Changhua et al. (2005) found 
lower PGE2 concentrations in those supplemented 
with CLA (916.3  ±  53.5 pg/mL) than the control 
diet (1211.0 ± 53.5 pg/mL) following systemic LPS 

injection. Further research is needed to determine 
the temporal effects of CLA on the inflammatory 
eicosanoid PGE2 in the horse.

Although no dietary treatment effect was 
noted in synovial PGE2 concentrations, dietary 
CLA supplementation did have an effect on 
biomarkers of  articular cartilage metabolism. 
Following an inflammatory insult, the fibrous type 
II collagen begins to unwind and reveal hidden 
epitopes, including C2C, which is used as a marker 
for articular cartilage degradation. This epitope 
has been previously measured following exercise, 
LPS injection, and osteochondral fragmentation 
in horses (Frisbie et al., 2008; Lucia et al., 2013). 
In the current study, there was an initial decrease 
in synovial C2C concentrations from PIH 0 to 
6 h postinjection, which is likely due to a shift in 
cartilage metabolism at the onset of  an inflamma-
tory response. The same decrease from PIH 0 to 
6 h postinjection was observed in a similar study 
performed by Lucia et al. (2013) following LPS in-
jection in weanling horses. Peak C2C values were 
observed at 24 h postinjection, which is consistent 
with peak times recorded by Lucia et  al. (2013) 
and de Grauw et al. (2009). Peak concentrations 
of  C2C in the current study are similar to those 
recorded by Lucia et  al. (2013) using weanling 
horses.

A reduction in type II collagen degrading bio-
marker, C2C, was observed in horses fed HIGH 
CLA when compared to the LOW dose. This 
demonstrates less cartilage degradation when 
horses received 1% diet CLA supplementation 
prior to LPS administration, indicating a poten-
tial reduction in inflammation not captured by the 
selected biomarker PGE2. At PIH 0, HIGH horses 
had lower C2C concentrations than LOW, which 
can be attributed to the previous 42 d of  CLA sup-
plementation reducing basal inflammatory levels. 
Furthermore, at 24 h postinjection when peak val-
ues were recorded, HIGH fed horses had lower 
concentrations of  C2C compared to both LOW 
and CON horses. This indicates CLA supple-
mented at 1% diet is effective in reducing cartilage 
degradation both prior to and during an inflamma-
tory insult.

When type II collagen degrades, there is an 
attempt to repair the type II collagen fibers (Frisbie 
et  al., 2008). During this repair, CPII is released 
from the type II collagen precursor, procollagen, 
and can be used as a marker of type II collagen 
regeneration. This biomarker is often used as a 
measurement to counter the degradative marker 
C2C. Concentrations of CPII peaked at 24  h 



589Dietary CLA on inflammation and cartilage

postinjection, which agrees with both Lucia et al. 
(2013) and de Grauw et  al. (2009). Peak values 
recorded in the current study more closely resemble 
those seen by Lucia et al. (2013) in weanling horses, 
which are lower than those recorded by de Grauw 
et  al. (2009) using mature horses. It is expected 
that yearling horses would have values similar to 
weanlings as opposed to mature horses (5 to 8 yr). 
Unlike PGE2 and C2C, concentrations of CPII in 
the current study did not return to baseline levels by 
336 h postinjection, which was not anticipated since 
CPII concentrations in weanlings following LPS in-
jection returned to baseline by 336 h postinjection 
(Lucia et al., 2013). This delay indicates recurring 
cartilage regeneration at 2  wk following LPS in-
jection. An additional sample could have provided 
baseline measurements; however, concentrations of 
CPII were on the decline by 336 h postinjection.

With regard to the effect of  CLA on cartilage 
metabolism, there was a tendency toward a dietary 
treatment effect on CPII, indicating that horses fed 
the LOW dose CLA had greater cartilage regen-
eration than CON fed horses. This likely relates 
to the increased cartilage degradation observed in 
LOW horses when measuring C2C. No previous 
studies have yet been performed to determine 
the effects of  CLA on the metabolism of  type II 
collagen.

In conclusion, dietary CLA incorporates into 
the target joint by 14 d of dietary supplementa-
tion. This incorporation into the target tissue pro-
vides the potential for CLA to compete with the 
proinflammatory 20:4, and reduce inflammation. 
Downstream, this would conserve the integrity of 
articular cartilage, potentially delaying the onset of 
OA as the horse matures. This is further supported 
through the use of LPS to induce an acute, tran-
sient inflammatory insult. Observations support the 
potential for dietary CLA to alter cartilage metab-
olism in favor of delaying the onset of OA; however, 
further studies are necessary to more precisely de-
termine the effect of dietary CLA on inflammatory 
biomarkers and its mechanisms of action.
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