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Abstract

Arican M., O. Kéylu, A.Uyaroglu, M. Erol, K.N. Galim: Diagnostic Importance of
Deoxypyridinoline and Osteocal cinein Equine Osteoarthritis. ActaVet. Brno, 2004. 73: 491-496.

In this study, deoxypyridinoline (Dpd) and osteocalcine (OC), which has been considered as
adiagnostic and prognostic marker for joint disease in man and dog, was measured in urine from
horses with osteoarthritis (OA). Serum and urinary assays of bone markers provide anoninvasive
alternative to bone biopsy in the study of bone metabolism in horses.

No significant differences in serum osteocalcine were found in either group. However,
significant diferences were found in deoxypyridinoline/creatinine ratio between normal and OA
urine. They may be useful in the monitoring of therapy and prognosisin horseswith osteoarthritis.
The measurement of collagen crosslink, deoxypyridinoline is comparatively more specific to
monitor bone resorption. This article reviews the use of different bone markers in veterinary
medicine and the possibilities for diagnosing and preventing bone diseases of horses.

Horses, osteoarthritis, osteocal cine, deoxypyridinoline, degenerative joint disease.

Degenerativejoint disease (DJD) may be considered asagroup of disorders characterized
by acommon endstage: progressive deterioration of the articular cartilage accompanied by
changes in the bone and soft tissues of the joint. There have been variousinterpretations of
DJD in the horse. There has been alack of correlation between pathol ogic changes has not
been well defined (M cllwraith 1982, 1987).

Clinical significance of lesionsthat extend into subchondral boneis not disputed; several
investigators have detected a decrease in one or more of the glycosaminoglycans in
osteoarthritic cartilage (Pool e 1994; Arican et al. 1994a, 1994b; Fuller et al. 2001) and
this decrease was in direct proportion to the severity of the disease morphologically.

Studies of cartilage and bone biochemistry have been important in studying the
mechanismsof OA and the search for amarker of joint damageresulting from osteoarthritis.
The aim of molecular marker research is to detect OA changes early and non-invasively,
before irreversible disease processes have occurred. Potential biologica markers
glycosaminoglycans, keratan sulphate, chondroitin sulphate, hyaluronan for equine
osteoarthritishawebeen recently studied (Full er et a. 2001). Most of the potential markers
have been of inflammatory processes, cartilage destruction (Pool e and Dieppe 1994) and
bone erosion (Pool e 1994; Garnero and Del mas 1997).

A number of commercia and urine assays have been devel oped to provide non-invasive
monitoring of boneformation and resorptionin humans (Fujimoto etal. 1978; Eyre et al.
1984). Theideal marker of cartilage degradation isonethat isnot found in normal cartilage
or in any other tissue. Deoxypyridinoline (Dpd) and pyridinoline are used in human
medicine for diagnosis and evaluation of bone diseases and in predicting the occurrence of
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fractures and rates of bone loss (Eastell et al. 1997). The carboxy terminal telopeptide of
type | collagen, which has been used in several animal species, is aso a promising bone
marker (Arican et a. 1995; L adlow et a. 2002).

Pyridinoline is the major cross-link of collagen and is prevalent in cartilage and severa
other tissues, whereas Dpd is primarily located in bone (Fujimoto et al. 1978; Ogawa et
al. 1982; Eyre et a. 1984; Robins and Duncan 1987). Deoxypyridinoline is found
predominantly in type | of bone (Robins 1983; Eyre et a. 1984). Dpd components have
been used to assess collagen degradation rates by quantitative measurementsin urine, based
on either immunoassay (Robins 1983) or high performance liquid chromatography
(HPLC) (Eyre et al. 1984; Black et al. 1988). More recently, these techniques have been
applied to assess collagen degradation in arthritic diseases (Seibel et al. 1989) and in
arange of metabolic diseases (Robins et a. 1986; Uebel hart et al. 1990; Uebel hart et
al. 1991). Deoxypyridinoline, primarily a bone cross-link, is found in increased amount in
urine in metabolic bone disorders such as osteoporosis (McL aren et al. 1992). Urinary
deoxypyridinoline is elevated in animals and humans with OA, presumably as a result of
bone breakdown or repair. In patients with OA it isdueto loss of collagen matrix primarily
from the articular cartilage and bone of the joint. Deoxypyridinoline is useful in the
monitoring of therapy in animalswith OA (Arican et al.1995).

Osteocal cineisone of the most abundant non-collagenous proteinsof thebone, constituting
up to 3% of total bone protein. Osteocalcine is thought to function in bone tissue formation
asit is produced by osteoblasts. The anabolic activity of osteoblasts may be determined by
measuring serum concentrations of osteocalcine (Jaffe et a. 1994; Arican et a. 1995;
Grafenau et al. 2000; L epage et al. 2001).

The aim of this study was to determine the concentrations of serum osteocalcine and
deoxypyridinoline cross-link excretion in the urine of normal horses and horses with
naturally occurring OA, with a view to evaluating the potential usefulness of cross-link
measurement for diagnosis and prognosis.

Materialsand Methods

Sample collection

Urine and blood samples were obtained from horses under sterile conditions. After a conventional health
measures, all procedures have been performed in accordance with national local animal welfare legislation.
Measurements of deoxypyridinoline were performed on a 2-hour fasting morning urine samples. Urine samples
were stored in aliquots at —20 °C in dark until assayed.

Thediagnoses of OA (12 horses sampled) were based on history, following clinical examination (severetrauma,
jointinstability), intra-articular anesthesiaand radiographic assessment (Table 1). Theclinically affected joint was
defined as that principally responsible for presenting lameness. Most cases involved the carpal, hock and fetlock
joints. Themajority of OA casesinthisstudy werefrom* secondary’ osteoarthritic cases, i.e. devel oped secondarily
to another primary joint problem.

Ten animalswith normal jointswere selected from clinical cases presented at the horse riding club with no history
of locomoator disease; the absence of joint disease was confirmed by clinical examination and radiography (Table 1).

Osteocal cine assay

Plasma concentrations of osteocal cine was eval uated by the optimized standard method of immunometric assay
using the Immulite automatic analyser (DPC. Los Angeles). Range was between 3.1-13.7 for osteocalcine levels.
High and low equine samples were included in each assay to ensure reproducibility.

Deoxypyridinoline assay

Urineconcentrationsof deoxypyridinoline assay waseval uated by the optimized standard method of competitive
immunoassay using the Immulite automatic analyser (DPC. Los Angeles). High and low equine samples were
included in each assay to ensure reproducibility.

Creatinine assay

The methods most commonly used for creatinine determination are based on the Jaffe reaction (Butler 1975),
the conversion to ayellow-orange compund with picric acid in the presence of akaline solution. The concentration
of this compound indicates the creatinine concentration in the sample. The optical density measured in
a spectrophotometer (Olympus Diagnostica, Hamburg).
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Tablel
Breed and age distribution in horses with arthritis and normal horses

Arthritis Breed Age (years)

Thoroughbred 11
Thoroughbred 10
Thoroughbred 11
Thoroughbred 10
Arabian 11
French Saddle 18
Haflings 7
Thoroughbred
Thoroughbred
Thoroughbred
Thoroughbred
Arabian
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Control Breed Age(years)

Thoroughbred
Arabian

Pony (Shetland)
Arabian
Thoroughbred
Thoroughbred
Thoroughbred
French Saddle
Akalteke

Pony (Shetland)
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Interpretation of results

Tocorrect for variationsin urinary flow, deoxypyridinolineresultsshould be normalized to theurinary creatinine
concentration, and expressed as nanomoles deoxypyridinoline, per liter divided by milimoles creatinine per liter
(nM deoxypyridinoline/mM creatinine).

Conversion Factor
Creatinine mg-dL 1 x 0.088 mmol/L creatinine

Statistical Analysis

Patient group datawere statisticaly compared by the Mann Whitney U test, plusthe corresponding one standard
deviations were used as the cut-off point for positivity.

Correlation coefficients were determined by simple linear regression using of statistics packet programme
(SPSS, Minitab).

Results

Osteocalcine in sera
Concentrations of OC in sera are summarized in Table 2. There were non-significant
differences in the osteocal cine concentrations between normal and OA sera.

Table2
Osteocalcine (OC) concentration in sera and deoxypyridinoline /creatinine (Dpd) concentration in urine from
horses with osteoarthritis and normal (controls) (Median -Range)

Group of patients number Median (Max-Min) concentration ~ Median (Max-Min) concentration
Deoxypyridinoline (Dpd) Osteocalcine
(nmol/mmol creatinine) (ng-mL"Y)

Control 10 55(9.2-3.5) <10

Osteoarthritis 12 9.3(23.4-5.2) 1.0
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Deoxypyridinoline/creatinine in urine

The deoxypyridinoline/creatinineratiosin urine are summarized in Table 1.

There were significant differences in the deoxypyridinoline/creatinine ratios between
normal and OA urine (Fig. 1).

Correlations of Dpd and OC
There were no correlations between Dpd levels or OC levels and age of horses.
Discussion
. In the present study, we have measured cross-link
2 (deoxypyridinoling) concentrations in horse urine.
The data for deoxypyridinoline were expressed
18 . relative to creatininein order to correct for variations
in urine volume. There were significant differences
between deoxypyridinolinein normal and OA equine
s | | urine samples. The differences between someof these
samplesaremost likely to be explained by the degree
of joint, and hence cartilage damage. The overlap
between groups, however, made further analysis and
interpretation difficult. There was no corréelation
between radiographic evidence of cartilage/bone
damage and deoxpyridinoline/creatinine ratios
(Black et al. 1999).
There was no significant relationship between

14

12

Deoxypyridinoline/creatine ratio
nmol/mmol

10 . deoxypyridinoline/creatinine ratios and age of the
: o horse by linear analysis. The horses studied here
H covered arange of breeds and sizes and we were not
8 able to show any clustering to suggest predisposition
: in particular breeds. However, this issue should be
. . considered in future studies. Our studies only
6 . . included 22 horses for which we had urine samples.
oo For breed studies, alarger number of cases would be

4 . required before firm conclusions could be drawn.
. It has been shown that pyridinoline and
3 deoxypyridinoline are elevated in some human

NORMAL — OSTEOARTHRTS — patientswith RA, OA and alsoin dogs(Robins et dl.
- Ao iarainsin 1986; Seibel etal. 1989; Arican et a. 1995; L adlow
O e eretosln &t al. 2002). It iswell known that joint destruction in
normal  (controls) horses. Each point  joint diseasesisassociated with twotypesof boneloss:
:;‘pe;na?”oﬁsgghorﬁm%‘:ﬁﬂfefiﬁmtsmg periarticular bone loss, which is an early radiological
Lt of for positivity 1sderivedfromiherean  1iNding in joint diseases, associated with the local
plus one standard deviations. inflammatory process, and generalised boneloss.
McLaren et a. (1992) showed that the excretion
of pyridinoline and deoxypridinoline was significantly higher in people with fractures and
with osteoporosis. The fact that there were differences in the molar deoxypyridinoline
between the patient groups supports the view that the major part of the cross-linksin urine
are derived from bone. On the other hand, Pyd and Dpd are formed from the breakdown of
mainly type Il collagen, and have been shown to be elevated in osteoarthritis in humans
(MacDonald et al. 1994).
In the present study we have also measured osteocalcine concentrations in horse sera
Plasma concentrations of osteocalcine will be evaluated by the optimized standard method
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of immunometric assay using a commercially available kit. This standard immunometric
assay is considered to have awide species range.

Bone synthesis is reflected by the release of osteocalcin into serum. An increased
concentration of circulating osteocal cine was shown in some humans and dogs (Campion
et al. 1989; Nap 1994) even though bone destruction isthe key feature of erosive RA, bone
repair will also occur, if it is not suppressed by inflammation (Ekenstam et al. 1986;
Campion etal. 1989; Pool e et al. 1994). However, in this study, the general indication of
alack of increase of osteocalcin suggeststhat either most of the horseswereat an early stage
in osteoarthritis or that bone synthesisisimpaired in equine OA, possibly as aresult of the
effectsof circulating cytokines; itiswell established that both IL-18 and TNFa inhibit bone
formation (Poole and Dieppe 1994). Black et al. (1999) has shown that diurnal rhytms
exist for serum OC in adult horses. Therefore, sample timing is an important consideration
in equine studies.

Serum osteocalcine concentrations could be related to the age of the horses in the OA
groups. This may reflect the severity of the disease, or perhaps more probably the degree of
bone change due to along period of joint disease. It is not clear whether these correlations
provide much insight into the consequences of the disease process or eventual bonelossin
OA (Grafenau et a. 2000). Thelack of acorrelation of osteocalcine with erosive changes
indicates that osteocalcin levels ater either before or independently of bone changes
(Lepage eta. 1991, 2001).

The bone changes may well be detectable after changes to the cartilage have occurred,
particularly in erosive disease. It is hoped that further studies on cartilage breakdown
products and bone matrix non-collagenous macromolecules in the equine arthritides will
give further insight into the pathogenesis of these diseases and may provide useful
information for OA in other species.

The measurement of collagen crosslinks, deoxypyridinoline is comparatively more
specific to monitor bone resorption of OA. In conclusion, this study demonstrated that
determination of collagen croslinks productsisuseful diagnostically. We suggest that they
are of sufficient interest to warrant further research into their biological significance and
potential for ng disease severity and progression.

Vyznam deoxypyridinolinu a osteokalcinu v diagnostice osteoarthitis u koni

V moci koni s osteoartritidou (OA) jsme méfili koncentraci deoxypyridinolinu (Dpd)
a osteokalcinu (OC). Tyto latky jsou povaZovany za diagnosticky a prognosticky marker
kloubnich onemocnéni u lidi a psti. Testy v séru a moci poskytuji neinvazivni alternativu
kostni biopsie pii studiu metabolismu kosti u koni.

V zadné skupin€ nebyly v séru zjiStény signifikantni rozdily v hodnotich osteokalcinu,
ale signifikantni rozdily se objevily v poméru deoxypyridinolinu a kreatininu v normalni
a OA moci. Ty lze vyuZit pfi monitoringu terapie a progndzy osteoartritidy u koni. Méfeni
spojovactho ¢lanku kolagenu, deoxypyridinolinu, je srovnatelné specifictéjsi s ohledem na
monitoring resorpce kosti. V praci jsou shrnuty zptsoby uZiti rozdilnych markert kosti ve
veterinarni mediciné a moZnosti v diagnostice a prevenci onemocnéni kosti u koni.
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