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Abstract 

Degenerative joint disease (DJD) is the most prevalent musculoskeletal disease in elephants; 
conventional treatments for DJD in are largely palliative, including non-steroidal anti-
inflammatory drugs (NSAID’s) and intra-articular injections with corticosteroids or polysulfated-
glycosaminoglycans (GAG’s).8,16 However, DJD is a chronic disorder, necessitating long-term 
treatment and there has been evidence that conventional therapies may have deleterious effects 
with persistent usage. Long-term use of NSAIDS may increase the risk of ulcers,11,14,15 and both 
NSAIDS and corticosteroids have been shown to alter the metabolism of articular cartilage.1,3,11 
Possibly due to the current limitations of conventional therapies, DJD is the most common 
human and veterinary medical condition for which alternative, often nutritional, therapies are 
utilized.12  Nutraceuticals, nutritional supplements intended to alter disease progression, 
comprise a newer class of therapies that are widely used, but whose efficacies in the treatment of 
DJD are largely untested.6,8,9,16 The claimed effects are often based in anecdotal evidence or 
clinical trials not subject to peer review.10 Radiographs that measure joint space narrowing are 
the primary diagnostic for DJD, however  a significant change in joint structure can require one 
to two years to detect.13 Even with more sensitive techniques, such as magnetic resonance 
imaging, by the time a definitive diagnosis can be established, there is often already significant 
joint damage.4, 5 Additionally, current imaging technologies are not adequately sensitive to 
monitor the efficacy of treatments aimed at preventing or slowing DJD.4 Alternatively, 
biomarkers that reflect the rate of turnover of cartilage, bone or the synovial membrane, or 
biomarkers that provide information about the level of oxidative stress or inflammation may 
offer a reliable means of evaluating the efficacy of nutraceutical therapies.2,7,17 The first objective 
of this trial was to evaluate whether biomarkers for type I and type II collagen were detectable in 
elephant serum samples. Two commercially available enzyme-linked immunoabsorbent (ELISA) 
assays for the detection of the crosslinking telopeptides of type I collagen (CTX-I) and type II 
collagen (CTX-II) were validated for use with elephant sera.  The second objective was to 
evaluate biomarker concentrations for correlation with joint pathology as assessed by a lameness 
survey (visual assessment). Sera from 41 elephants was collected via the protocols of the housing 
zoological institutions (n=19) and stored at -20⁰C until analyzed.  Assays were validated using 
serial dilutions of samples and sample dilution curves were parallel to the standard curve for both 
assays.  Intra-assay variability was assessed for each assay using eight replicates of high and low 
mixed-sample assay controls.  Coefficients of variance were 5.08% and 1.51% for CTX-I and 
CTX-II assays, respectively.  The mean serum concentration was 2.42±1.15 ng/mL for CTX-I 
and 19.41±43.28 pg/mL for CTX-II.  Elephants assessed as having any degree of lameness 
tended to have lower CTX-I than sound elephants (P<0.09).  Elephants that were assessed as 
markedly lame had a higher CTX-II concentration than elephants that were sound, mildly-lame 
or moderately-lame (P<0.02).  There were no differences in either CTX-I or CTX-II 
concentrations based on whether the primary area of pathology was forelimb, hind-limb or mixed 



fore- and hind limb. CTX-I concentration was higher in Asian elephants (Elephas maximus; n=7) 
than African elephants (Loxodonta africana; n=34; P<0.02).  There was no difference in CTX-I 
concentration based on gender. CTX-II concentration tended to be lower in Asian elephants than 
African elephants (P<0.07) and higher in bulls (n=4) than cows (n=37; P<0.01).  Validating 
available ELISA assay kits for the detection of CTX-I and CTX-II as biomarkers in elephant sera 
is an important step towards further investigation into early detection of joint pathology, as well 
as measures of therapeutic efficacy in treatment.    
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