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Abstract
Background: Intra-articular triamcinolone acetonide is a widely used treatment for 
joint inflammation despite limited scientific evidence of its efficacy.
Objectives: To investigate if intra-articular triamcinolone acetonide has sustained 
anti-inflammatory effects using an equine model of repeated joint inflammation.
Study design: Randomised controlled experimental study.
Method: For three consecutive cycles 2 weeks apart, inflammation was induced in 
both middle carpal joints of eight horses by injecting 0.25 ng lipopolysaccharide (LPS). 
After the first LPS injection only, treatment with 12 mg triamcinolone acetonide (TA) 
followed in one randomly assigned joint, while the contralateral joint was treated 
with sterile saline (control). Clinical parameters (composite welfare scores, joint ef-
fusion, joint circumference) were recorded and synovial fluid samples were analysed 
for various biomarkers (total protein, WBCC; PGE2; CCL2; TNFα; MMP; GAGs; C2C; 
CPII) at fixed timepoints (post injection hours 0, 8, 24, 72 and 168). The effects of 
time and treatment on clinical and synovial fluid parameters and the presence of 
time–treatment interactions were tested using a linear mixed model for repeated 
measures with horse as a random effect, and time and treatment as fixed effects.
Results: The TA treated joints showed significantly higher peak synovial GAG con-
centrations (Difference in means 283.1875 µg/mL, 95% CI 179.8, 386.6, P < 0.000), 
and PGE2 levels (Difference in means 77.8025 pg/mL, 95% CI 21.2, 134.4, P < 0.007) 
after the first inflammation induction. Significantly lower TP levels were seen with 
TA treatment after the second induction (Difference in means −7.5 g/L, 95% CI 
−14.8, −0.20, P < 0.04) . Significantly lower WBCC levels were noted with TA treat-
ment after the first (Difference in means −23.7125 × 109 cells/L, 95% CI −46.7, −0.7, 
P < 0.04) and second (Difference in means −35.95 × 109 cells/L, 95% CI −59.0, −12.9, 
P < 0.002) inflammation inductions. Significantly lower general MMP activity was 
also seen with TA treatment after the second inflammation inductions (Difference in 
means −51.65 RFU/s, 95% CI −92.4, −10.9, P < 0.01).
Main limitations: This experimental study cannot fully reflect natural joint disease.
Conclusions: In this model, intra-articular TA seems to have some anti-inflammatory 
activity (demonstrated by reductions in TP, WBCC and general MMP activity) up to 

www.wileyonlinelibrary.com/journal/evj
mailto:
https://orcid.org/0000-0003-1518-5151
https://orcid.org/0000-0003-3715-150X
mailto:clodagh.kearney@ucd.ie
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fevj.13396&domain=pdf&date_stamp=2020-12-30


1278  |     KEARNEY Et Al.

1  | INTRODUC TION

Intra-articular administration of corticosteroids is a common in-
tervention for the treatment of osteoarthritis (OA) in humans and 
horses.1 While this practice is well-established, to date there is 
minimal or conflicting evidence regarding its efficacy.1-3 Systematic 
reviews of the existing data have shown that while intra-articular 
corticosteroids may cause short-term relief of some clinical signs, 
the overall quality of evidence for short-term relief of clinical signs 
is low.1,4 Basic scientific studies have not to date provided concrete 
answers regarding its efficacy; empirically prolonged effects and 
side effects are assumed, but discrepancies have been noted, par-
ticularly between in vitro and in vivo studies.5 For example, a study 
by Dechant et al.6 showed that corticosteroids (methylprednisolone 
and triamcinolone) did not protect from the inflammatory effects of 
IL-8 conditioning and supressed cartilage metabolism (as illustrated 
by GAG metabolism), whereas a different study by Bolt et al.7 con-
cluded that triamcinolone protected chondrocytes from the harm-
ful inflammatory effects of lipopolysaccharide (LPS). In vivo models 
have shown similarly mixed findings. A study using the osteochon-
dral fragment model reported favourable effects of TA on lameness 
and on some synovial fluid, synovial membrane and articular car-
tilage morphological parameters.8 Another study investigating the 
effects of repeated injections of TA on normal joints suggested del-
eterious effects on cartilage metabolism.9 There is a need for more 
information to allow us to make evidence-based conclusions about 
the effects of corticosteroids on cartilage and inflammation.10

Synovial fluid biomarkers in horses have been extensively stud-
ied11 and changes have been used as outcome measures in studies 
investigating the effects of various interventions and therapeu-
tics.12,13 Intra-articular low dose lipopolysaccharide (LPS) injection 
is a well-established model in horses for induction of inflammation, 
which has now been widely used to study the anti-inflammatory po-
tential of various therapeutics.13-15

While the intra-articular LPS model stimulates a reliable in-
tra-articular inflammation, clinical symptoms are generally tran-
sient, typically resolving within 48 hours and the self-limiting 
nature of this inflammation could be regarded as a limitation, as 
it is not reflective of natural disease where recurrent episodes of 
inflammation play a crucial role in development and progression 
of OA.16,17 Recently, we have refined and expanded the equine 
LPS model by introducing repeated low dose LPS inductions 
every 2 weeks within the same joint18 which we believe make the 
model more suitable for investigation of longer term effects of 

therapeutics and provide a better translational model for clinical 
conditions such as OA.

In this study we use repeated inductions of LPS in an equine bi-
lateral middle carpal joint model to investigate direct and potential 
prolonged effects of the most commonly used corticosteroid, tri-
amcinolone acetonide, on various clinical and synovial parameters. 
We hypothesised that a single clinically relevant dose of triamcino-
lone acetonide would significantly ameliorate the repeated inflam-
matory effects of LPS over a prolonged period of time in the horse.

2  | MATERIAL S AND METHODS

2.1 | Experimental animals

Eight horses (16 joints) were selected to participate in a randomised 
controlled experiment. Horses were of mixed breed (6 mares and 2 
geldings; mean ± SD age 14.6 ± 2.4 years, bodyweight 370.4 ± 27.6 kg) 
from a research herd, with no known history of forelimb orthopaedic 
disease, free from forelimb lameness and with clinically and radio-
graphically normal carpal joints. Horses were stabled individually in 
single boxes (4 m × 4 m) on wood shavings and were familiar with their 
environment. Horses received concentrates once daily, with regular 
hay and water provided ad libitum. After each induction with LPS and 
the subsequent week of sampling and measurements, the horses had 
a week of turn out to pasture in a familiar group. During these weeks, 
the horses were inspected to ensure they were healthy once daily.

2.2 | Experimental protocol

2.2.1 | Induction of inflammation

At post induction hour (PIH) timepoint (t) 0, each carpus of 
each horse was clipped and prepared for dorsal arthrocentesis. 
Lipopolysaccharide from Escherichia coli O55:B5 (catalogue number 
L5418; Sigma-Aldrich Ireland Ltd., Arklow, Co.) was diluted to a final 
concentration of 0.25 ng/mL in sterile lactated Ringer's solution. 
Horses were sedated with xylazine (0.2–0.5 mg/kg intravenously, 
Chanazine 10%®) and butorphanol (0.01–0.02 mg/kg intravenously; 
Alvegesic vet 10®, ALVETRA u. WERFFT GmbH). Arthrocentesis was 
performed in each limb with a 20 G × 40 mm needle and 1 mL LPS 
solution (0.25 ng LPS) was delivered aseptically into each middle car-
pal joint after withdrawal of the PIH t0 synovial fluid (SF) sample. 

2 weeks post treatment but not at 4 weeks. This anti-inflammatory effect appeared to 
outlast a shorter-lived, potentially detrimental effect illustrated by increased synovial 
GAG and PGE2 levels after the first induction.

K E Y W O R D S

horse, triamcinolone acetonide, joint, inflammation, lipopolysaccharide
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LPS was again injected bilaterally 2 weeks after the first induction 
and again a further 2 weeks after that, resulting in a total of three 
inflammation episodes (PIH1, PIH2 and PIH3). The timeline of the ex-
periment is illustrated in Figure 1.

2.2.2 | Treatment

Two hours following the first induction of inflammation with LPS 
(PIH1t2), one randomly assigned middle carpal joint of each horse 
was treated with 12 mg of triamcinolone acetonide (TA) (Adcortyl 
Intra-articular/Intradermal Injection 10 mg/mL, Bristol-Myers 
Squibb Pharmaceuticals uc) diluted with sterile saline to a total vol-
ume of 2 mL, and the opposite middle carpal joint was injected with 
2 mL of sterile saline alone so each horse acted as its own control 
(within animal controlled experiment). Treatment limbs were ran-
domised and all investigators were unaware of the treatment assign-
ment with the exception of the first author.

2.3 | Clinical evaluations

2.3.1 | Welfare monitoring

Before arthrocentesis and induction of inflammation and consecu-
tively every 2 hours until PIH t8, and thereafter daily until PIH t168, 
a Composite Welfare Score (CWS) was assigned. The CWS is the 
sum of scores (scale 0–4) for each of the following categories: food 
and water intake; clinical parameters (temperature, pulse, and res-
piratory rate); natural behaviour; and provoked behaviour. This scor-
ing system has been designed by our group for this bilateral equine 
LPS model to monitor welfare and to fulfil institutional and national 
ethical regulatory requirements (scoresheet available in Table S1).

2.3.2 | Clinical measurements

In each induction, before arthrocentesis at PIH t0, every 2 hours 
until PIH t8, and thereafter daily until PIH t168, middle carpal 
joint effusion was graded on a subjective scale as previously de-
scribed.19 Briefly, the joints were palpated and assigned a score 
ranging from 0 to 4; a score of 1, 2 or 3 denoting mild, moderate 
or severe intercarpal joint effusion, respectively, and 4 indicating 
severe swelling of the entire carpal region. Carpal circumference 
was measured at a fixed anatomical landmark at the level of the 
accessory carpal bone with a tape measure. All clinical measure-
ments were performed by the first author and therefore cannot be 
considered to be blinded.

2.4 | Synovial fluid analysis

At fixed timepoints (PIH t0, t8, t24, t72 and t168), arthrocentesis of 
each middle carpal joint was performed under sedation as described 
above. A portion of the synovial fluid was separated for evaluation of 
manual white blood cell count (WBC) and total protein (TP) measure-
ment (refractometer). The remainder was immediately centrifuged in 
plain tubes for 15 minutes at 4°C at 10,000 rpm and then aliquoted 
and stored at – 80°C until further analysis.

2.4.1 | Synovial fluid biomarker analysis

A total of seven assays were performed on each SF sample. 
Prostaglandin E2 (PGE2) concentrations were determined by high-
performance liquid chromatography (HPLC)–tandem mass spec-
trometry (MS/MS) analysis as described previously.20 C–C motif 
chemokine ligand 2 (CCL2) and tumour necrosis factor-α (TNF-α) 

F I G U R E  1   Experimental Timeline. Timeline of experimental period, representing 5 wk in total. PIH (Post Induction Hour) indicates t 
(time) in hours after induction of inflammation with intra-articular injections of 0.25 ng of lipopolysaccharide (LPS) in each middle carpal joint 
(MCJ) of eight horses. At PIH1 t2, one randomly selected MCJ of each horse was injected with intra-articular triamcinolone acetonide (TA) 
and the contralateral joint injected with sterile saline (control). Following both PIH1 t168 and PIH2 t168 horses had a 1-week rest in the field 
prior to the next induction of inflammation. *indicates times of synovial fluid sampling
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concentrations were quantified using commercial equine-specific 
ELISA kits (DIY0694E-003 Kingfisher Biotech, Minnesota USA and 
#ESS0017, Thermo Fisher Scientific) using an adapted protocol. 
Coating buffer consisted of carbonate/bicarbonate buffer (pH 9.6) 
and blocking/dilution buffer was PBS with 1% w/w bovine serum 
albumin (BSA; Sigma Aldrich). Samples were diluted 1:1 in PBS/1% 
BSA/0.1% (v/v) Tween-20, and results were calculated to a stand-
ard curve plotted on four parameter logistic curve fit. Values equal 
to, or below the blank were set to zero. General matrix metallopro-
teinase (MMP) activity was measured using cleavage of fluorogenic 
substrate FS-6 (Calbiochem) as previously described.21 Synovial fluid 
samples were evaluated for glycosaminoglycan (GAG) concentra-
tions using a modified 1,9-dimethylmethyleneblue assay adapted for 
use in microtitre plates, as previously described.13 Commercial ELISA 
kits were used to determine concentrations of collagen-cleavage 
neoepitope of type II collagen (C2C), and carboxypropeptide of type 

II collagen epitope (CPII) (IBEX Technologies) in accordance with the 
manufacturer's recommendations.

2.5 | Data analysis

An a priori power analysis was performed. The power calculation 
was based on previous similar studies using the LPS model with de-
scribed differences in synovial fluid biomarkers.13,15,21 The power 
calculation suggested that eight horses would give a power of 0.8 
and an alpha error rate of 0.05.

Data are presented as the mean ± standard deviation (SD).
A linear mixed effects model for repeated measures with horse 

as a random effect, was fitted, with time, treatment, LPS induction 
number and their respective two- and three-way interactions as fixed 
effects. Independent variance-covariance structure was used in the 

F I G U R E  2   Joint circumference, synovial fluid total protein and white blood cell counts. (A) Joint circumference, (B) Synovial fluid total 
protein and (C) Synovial white blood cell count over time following repeated inductions of inflammation with intra-articular injections of 
0.25 ng of LPS in the middle carpal joint of horses at PIH1 t0, PIH2 t0 and PIH3 t0. (n = 8 horses, for all except the third induction where 
n = 7). Joints were treated with either 12 mg of triamcinolone acetonide (TA) or a similar volume of sterile saline (control) at PIH1 t2. Boxes 
depict median and interquartile range; whiskers denote minimum and maximum values. *p < 0.05, **p < 0.01 indicating timepoints where 
there are significant treatment effects
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model. Planned univariate contrasts (Wald tests) between marker 
concentrations in TA- and saline-treated joints at specific timepoints 
following observation of an overall significant effect of treatment 
used Bonferroni's correction for multiple comparisons. Normality 
was assessed by visual inspection of plots of standardised residuals. 
Suitability of the mixed effects model over a linear model without 
the random effect was assessed by AIC, BIC and Likelihood Ratio 
Test. Computer software was used (Stata Statistical Software: Release 
15. StataCorp LLC) and the level of significance was set at P < 0.05 
for all statistical analyses (P < 0.0125 with Bonferroni correction).

3  | RESULTS

3.1 | Horses

One horse sustained an injury to a hindlimb during the turnout phase 
at pasture after the second induction sampling period and was ex-
cluded from the final third phase of the study.

3.2 | Welfare monitoring

There were no statistically significant time-effects found for the in-
creases in CWS observed across the entire period of the experiment. 
For those horses that had slight CWS increases, their scores had re-
turned to 0 (normal) by 24 hours post induction (Data not shown).

3.3 | Clinical monitoring

No significant treatment effects were observed for joint circumfer-
ence measurements. Comparable peaks in joint circumference were 
observed in control and corticosteroid treated joints after each induc-
tion of LPS (Figure 2a). As joint effusion scores were on an ordinal 
scale, after consideration of the repeated measures design, in particu-
lar in conjunction with the small sample size (n = 8), formal statistical 
methods such as ordinal logistic regression were considered inappro-
priate. No appreciable differences were apparent from simple obser-
vation between treatment groups. Results are summarised in Table S2.

F I G U R E  3   Synovial fluid glycosaminoglycans, prostaglandin E2, C–C motif chemokine ligand 2 and general matrix metalloproteinase 
activity. (A) Glycosaminoglycans, (B) Prostaglandin E2 (C) C–C motif chemokine ligand 2(CCL2) and (D) general matrix metalloproteinase (MMP) 
activity over time following repeated inductions of inflammation with intra-articular injections of 0.25 ng of LPS in the middle carpal joint of 
horses at PIH1 t0, PIH2 t0 and PIH3 t0. (n = 8 horses, for all except the third induction where n = 7). Joints were treated with either 12 mg of 
triamcinolone acetonide (TA) or a similar volume of sterile saline (control) at PIH1 t2. Boxes depict median and interquartile range; whiskers 
denote minimum and maximum values. *p < 0.05, **p < 0.01, ***p < 0.001, indicating timepoints during significant treatment effects
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3.4 | Synovial fluid biomarker monitoring

Regarding the effects of intra-articular administration of TA on syn-
ovial concentrations of biomarkers, the most notable of these are 
mentioned below. The results for all synovial fluid parameters are 
summarised in Table S3.

For TP, slightly lower levels were seen in the TA-treated joints 
compared with the control treated joints in the peak after the first 
LPS induction(PIH1 t8), though these were not statistically signifi-
cant (Difference in means −3.0 g/L, 95% CI −10.3, 4.3, P < 0.4,). A 
statistically significant reduction in TP in the corticosteroid treated 
group was noted at PIH2 t8 (Difference in means −7.5 g/L, 95% CI 
−14.8, −0.20, P < 0.04; Figure 2b). After the first and second induc-
tion, lower WBCC was observed in the corticosteroid-treated group 
at PIH1 t8 (Difference in means −23.7125 × 109 cells/L, 95% CI −46.7, 
−0.7, P < 0.04) and PIH2 t8 (Difference in means −35.95 × 109 cells/L, 
95% CI −59.0, −12.9, P < 0.002; Figure 2c).

For synovial fluid GAG concentrations an overall treatment 
effect was found. For the specific contrasts tested, significantly 
greater levels were observed in the TA-treated joints after the first 
LPS induction from PIH1 t24 (Difference in means 283.1875 µg/mL, 
95% CI 179.8, 386.6, P < 0.000), but not after the subsequent 2 in-
ductions (Figure 3a). Significantly greater PGE2 levels were noted in 
TA-treated joints at PIH1 t8 (Difference in means 77.8025 pg/mL, 
95% CI 21.2, 134.4, P < 0.007) and PIH3 t8 (Difference in means 
100.42 pg/mL, 95% CI 39.9, 160.9, P < 0.001; Figure 3b). Reductions 
in CCL2 measurements in TA-treated joints were observed at PIH2 
t8 (Difference in means −6747.75 pg/mL, 95% CI −13137.3, −358.2, 
P < 0.04; Figure 3c).

Treatment effects on General MMP activity were only noted 
after the second induction where significantly smaller increases 
were seen in TA treated joints at PIH2 t24 (Difference in means 
−51.65 RFU/s, 95% CI −92.4, −10.9, p < 0.01; Figure 3d). Finally, no 
treatment effects were noted for either C2C or CPII.

4  | DISCUSSION

In this study we investigated the effects of a once off treatment of 
intra-articular triamcinolone acetonide (TA) in a model of repeated 
inflammation in equine joints. Joint inflammation is well established 
as an inherent component of all joint diseases, including rheumatoid 
arthritis and OA.16 As joint inflammation is known to be a cause of 
many of the clinical symptoms of joint disease, in addition to playing 
a pivotal role in the propagation of disease, intra-articular inflam-
matory pathways are often targeted in the development of novel 
therapeutics.17 It is the ability of corticosteroids to block the ara-
chidonic acid cascade, limit capillary dilation and inhibit the release 
of several soluble mediators22 that have supported their frequent 
use in the management of OA in both horses and humans. In spite 
of these known desirable traits and their widespread use in clinical 
practice based on empiricism, scientific reports on the clinical ef-
ficacy of intra-articular corticosteroids often report disappointing 

results.2,23 In the human clinic, concerns are increasingly being ex-
pressed over potential detrimental effects, on articular cartilage in 
particular.2

Triamcinolone acetonide, a corticosteroid considered to have 
medium duration of action, is the most commonly used intra-ar-
ticular corticosteroid in equine practice24 and is equally widely 
used in human medicine. For this study we used a dose of 12 mg 
per joint, to allow comparison with previous experimental stud-
ies.8,9 The study by Frisbie et al.8 is often quoted in support of the 
use of intra-articular TA. This study found that two treatments of 
12 mg TA had beneficial effects on the carpal osteochondral chip 
model, leading to reductions in histopathological markers of car-
tilage damage compared with controls. In clinical practice, 12 mg 
could, however, be considered at the high end of the dosing range. 
The relationship of corticosteroid dose to potential effects needs 
be considered when interpreting the results of our study as many 
chondrocyte studies have shown dose-dependent chondrotoxic 
effects of triamcinolone acetonide (TA).25,26 Trahan et al. recently 
investigated the effects of different concentrations of various cor-
ticosteroids on equine articular chondrocyte cocultures, and their 
study suggests that a comparable dose to what was used in the 
presented study should be beneficial without having deleterious 
effects on cartilage.27

While no experimental model will exactly replicate naturally 
occurring disease, our group has focused on the equine intra-ar-
ticular LPS synovitis model, which has now been widely used for 
testing potential therapeutics.13,21 This model moves away from 
the focal (carpal chip) or extensive (models of joint instability) 
damage to cartilage seen with surgical models, and focuses more 
on the ‘whole-joint’ processes seen in naturally occurring inflam-
matory joint diseases such as OA. In the horse sub-nano doses of 
LPS have been shown to elicit marked and reliable yet transient 
effects on certain synovial fluid inflammatory biomarkers, MMP 
activity and some markers of cartilage turnover.28 Additionally, 
a large number of synovial biomarkers have been investigated 
as measures of joint health or disease, giving us a panel of mea-
surements that can be used, not only as outcome measures, but 
through serial sampling also to track the influence of any thera-
peutic over a period of time.13,21 While the transient and self-lim-
iting nature of the inflammation described is seen as one of the 
benefits of this model, it is also frequently cited as one of the main 
limitations of the model in terms of its ability to mimic natural dis-
ease.13,14,29 To overcome this, we have recently refined the model 
by introducing repeated injections of LPS at 2-week intervals. We 
found that a consistent, reliable, repeated intra-articular inflam-
matory response across a panel of biomarkers can be produced 
with repeated injections of 0.25 ng LPS. While previous studies 
have used more frequent injections of LPS to model persistent 
inflammation—for example Kay et al.30 who repeated injections 
of a higher dose of LPS every 5 days—from our previous work 
using 0.5ng of LPS in a unilateral model we know that while the 
clinical signs of synovitis—lameness, joint effusion—are expected 
to resolve within 48 hours of LPS injection, increases in markers 
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of collagen II turnover can persist for at least 7 days.28 In moving 
to this bilateral model with a lower dose of LPS we wanted to have 
a less severe synovitis induced, and we also wanted to model low 
grade inflammatory flares18 so we felt repeated inductions of the 
LPS inflammatory cascade within the same joints every 2 weeks 
were appropriate to avoid any potential cumulative effects of the 
LPS inductions. This repeated LPS model allows for the effects of 
interventions or novel therapeutics to be investigated in a longer 
term model of recurrent joint inflammation.18 We believe that this 
model is more reflective of natural disease, where ongoing bouts 
or flare-ups of inflammation incite both clinical signs and propa-
gation of the disease.16,17

While overall our findings suggest that in this model the efficacy 
of intra-articular TA on LPS-induced inflammation is minimal, we 
report a number of interesting effects that reflect both what has 
been described in previous in vivo and in vitro models and may give 
insight into many of the empirical observations from its use in clinical 
practice.

The lack of significant treatment effect on clinical signs is not 
unexpected here. In other studies, lameness is the main clinical pa-
rameter shown to be affected by corticosteroid treatment.8,30,31 In 
the presented study, the lower 0.25 ng dose of LPS is injected bi-
laterally. While still producing reliable intra-articular inflammation, 
it is known that doses <0.5 ng LPS can give variable and inconsis-
tent levels of lameness.32 The bilateral model gives tighter control 
of individual variations—which is a particular concern in large ani-
mal studies, where the animals are generally not specifically bred 
for research purposes, and allows for reduction of animal usage.33 
However, the bilateral model also invalidates lameness as a reliable 
outcome measure. No currently described lameness grading systems 
can be satisfactorily applied to bilateral lameness, and assigning 
grades in bilateral lameness is even considered by some experts to 
be potentially misleading.34 Hence lameness levels, while monitored 
as part of the overall composite welfare scores, were not analysed as 
a distinct outcomes measure.

The minimal effects on joint effusion and circumference are 
similar to the findings of Kay et al. and Ekstrand et al., where both 
groups used LPS models to investigate the effects of intra-articular 
corticosteroids.30,31 This lack of significant clinical treatment effect 
could be due to the short time between the induction of LPS and 
injection of TA, or it could be due to the minimal and variable clinical 
signs elicited by this low dose of LPS. It is of interest that in human 
literature, the success of intra-articular injections is most commonly 
determined by patient-based outcomes, which are essentially the 
patient's perception of improvement in clinical signs. This can lead 
to significant bias and in a recent Cochrane review,1 only one ran-
domised clinical trial was identified as to having taken sufficient 
measures to reduce this bias.35 Neither that study, which looked at 
effects of a single treatment, nor a more recent extensive clinical 
trial looking at repeated treatments,2 reported clear clinical benefits 
of corticosteroid treatment.

The increases in synovial GAG concentrations with TA treat-
ment throughout the first induction of LPS are, again, not surprising. 

In vitro studies have demonstrated some conflicting findings with 
some showing reduced6 or no7 effect on GAG concentrations, and 
others showing dose-dependent increases in GAG concentrations, 
with corticosteroid treatments.27,36 In vivo findings have been more 
consistent with Celeste et al.9 demonstrating significant increases in 
specific aggrecans with TA treatment. In the carpal chip model Frisbie 
et al. also found higher GAG concentrations in TA treated joints—with 
greater increases seen in control joints compared with operated joints 
which led the authors to speculate that TA administration in abnormal 
joints did not alter GAG levels as much as in normal joints.8 While dif-
ferent researchers have diverged on whether increased GAG release 
is a positive8 or negative9 finding, it has been well-established that 
GAG levels in synovial fluid are an indicator of proteoglycan break-
down or release which could be the result of cartilage insult. In the 
recent study by McAlindon et al.,2 joints subjected to repeated treat-
ments of TA were associated with significantly greater loss of cartilage 
volume compared with saline treated joints. Interestingly, in our study 
the increase in GAG concentration was only noted for the first induc-
tion of LPS and did not extend into the second or third phases of the 
study. It may be inferred that this effect, while potentially detrimental, 
only lasts for a relatively short period of time.

Perhaps the most confusing finding in this study are the in-
creases seen in Prostaglandin E2. Prostaglandin E2 is an important 
inflammatory and pain-related mediator released into synovial fluid 
by inflamed synovial membrane and, to a lesser extent, cartilage.20 
As a sensitive marker of joint inflammation and also a direct tar-
get of many forms of anti-inflammatory therapy it is considered 
to be a particularly useful surrogate outcome measure when trial-
ling novel therapies.12,21,37-39 Based on the findings in the in vitro 
study by Trahan et al.27 where all doses of the corticosteroids in-
vestigated gave reductions in culture medium Prostaglandin E2, 
we would expect the Prostaglandin E2 levels in our treated joints 
to be reduced rather than increased. While prostaglandin levels 
are not reported in many in vivo studies, in Frisbie et al.'s 1998 
investigation of the effects of MPA, the corticosteroid treated 
joints had lower Prostaglandin E2 concentrations40 and in an LPS 
model, Neuenschwander et al.41 found that TA treatment reduced 
Prostaglandin E2 levels compared with treatment with hyaluronic 
acid, although control joints were not investigated. There is no 
clear explanation for the unexpected finding in this study, although 
there are some other reports with similar findings. In a study by 
Mangal et al.42 looking at effects of TA on concentrations of bioac-
tive eicosanoids in equine plasma, the overall results indicated that 
TA suppressed biosynthesis of bioactive eicosanoids. However, 
from 48 to 168 hours post treatment sustained increases were 
noted. Glucocorticoids have elsewhere also been indicated to have 
pro-inflammatory effects, in the central nervous system,43 and in 
certain murine cells such as rat gastric mucosa, they have been 
shown to stimulate prostaglandin production.44 Overall, we believe 
further investigation of the effects of TA and LPS on prostaglandin 
production in equine joints is warranted.

Triamcinolone acetonide treatment reduced general MMP activity 
across the first and second LPS induction. The persistence of these 
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reductions in the second induction suggests a potential sustained an-
ti-inflammatory effect of TA. General MMP activity has been reported 
in LPS studies investigating the effects of meloxicam and phenylbu-
tazone. In the meloxicam study, reductions in general MMP activity 
were noted, and considered to be beneficial in protection against 
MMP incited cartilage damage.21 The phenylbutazone study did not 
demonstrate a treatment effect on general MMP activity, which the 
authors inferred could limit the effectiveness of phenylbutazone for 
treatment of certain severe inflammatory conditions.13 The findings 
of this study would therefore suggest that intra-articular TA should 
have some protective anti-inflammatory effect for at least 2 weeks 
post treatment. While there is not a lot of evidence regarding per-
sistence of TA in equine joints, previous studies in normal45 joints and 
in joints with LPS-induced synovitis30 have demonstrated the pres-
ence of TA for up to 21 and 10 days respectively following intra-ar-
ticular administration. While differences in joints studied, drug doses 
and laboratory quantification methods make it difficult to directly 
correlate these findings to our results, it could be inferred that some 
levels of TA persist in our joints at least through the second induc-
tion of LPS synovitis. Further work quantifying the levels of TA across 
the different timepoints in this model is warranted and could provide 
useful information on the mechanism of action of TA intra-articularly.

5  | LIMITATIONS

As with any experimental set up, there are a number of limitations to 
this study. While the repeated inductions of LPS led to inflammation 
being detectable over a prolonged time period, this inflammation 
was apparent as ‘peaks’ and ‘troughs’ and may still be disparate from 
natural disease states. However, any animal model has its limitations 
and the used model certainly has proven a step closer to modelling 
recurrent inflammation.

Another limitation is that we only investigated markers of carti-
lage metabolism and did not directly evaluate cartilage either before 
or after so we cannot compare the findings in our biomarker panel 
to any changes in the cartilage or synovium. While several studies 
that used single LPS injections at higher dosages did not demon-
strate any effect on cartilage morphology13,46,47 and LPS therefore 
is assumed to not cause gross cartilage damage, it is not certain that 
this is still the case with our model of repeated inflammatory ep-
isodes. However, we felt that a study design with the addition of 
general anaesthesia and arthroscopic procedures, and/or an a priori 
determined euthanasia of the horses was not justified from a welfare 
perspective.

6  | CONCLUSIONS

As determined by the effects on MMP, and WBCC seen in the sec-
ond induction, it could be concluded that in this model of repeated 
equine joint inflammation a single dose of TA had some anti-inflam-
matory activity up to 2 weeks but not at 4 weeks post treatment. 

This anti-inflammatory effect would seem to outlast a shorter lived, 
potentially detrimental effect on cartilage as illustrated by increases 
in synovial GAG concentrations. While further studies are clearly 
warranted, particularly to further investigate the unexpected find-
ings regarding Prostaglandin E2, we believe that there is some evi-
dence for judicial use of TA in carefully selected cases to dampen 
inflammation.
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Essentials of Clinical Anatomy of the 
Equine Locomotor System 
Editor: Jean-Marie Denoix

Publisher: CRC Press, March 2019 • Hardback 296 pages
Essentials of Clinical Anatomy of the Equine Locomotor System 
presents a unique photographic record of dissections showing 
the topographical anatomy of the locomotor system of the horse. 
Readers of this book will be able to see the position and relationships 
of the bones, joints, muscles, nerves and blood vessels that make up 
each region of the forelimb, vertebral column and hindlimb.
• Important features of regional and topographical anatomy are 

presented using full-colour photos of detailed dissections
• Anatomy is presented in a clinical context
• Preparations of cross-sectional anatomy facilitate interpretation of 

diagnostic imaging, such as ultrasonography, MRI images and CT 
scans

• All dissections are of fresh material, rather than preserved 
specimens, to demonstrate the appearance of tissues in the 
living animal, or at post mortem autopsy

• This new atlas is essential for anybody involved in detailed 
anatomical study, complex lameness evaluation or advanced 
imaging techniques in horses. It will be a useful guide for veterinary students, and a reference for 
equine vets in practice.
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