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/ Nature Review- Rheumatology 2019 May

Spontaneous dog osteoarthritis —
a One Medicine vision

Richard L. Meeson'23, Rory J. Todhunter®>, Gordon Blunn¢, George Nuki”
and Andrew A. Pitsillides’ *

Abstract | Osteoarthritis (OA) is a global disease that, despite extensive research, has limited
treatment options. Pet dogs share both an environment and lifestyle attributes with their
owners, and a growing awareness is developing in the public and among researchers that One
Medicine, the mutual co-study of animals and humans, could be beneficial for both humans

and dogs. To that end, this Review highlights research opportunities afforded by studying

dogs with spontaneous OA, with a view to sharing this active area of veterinary research with
new audiences. Similarities and differences between dog and human OA are examined, and

the proposition is made that suitably aligned studies of spontaneous OA in dogs and humans, in
particular hip and knee OA, could highlight new avenues of discovery. Developing cross-species
collaborations will provide a wealth of research material and knowledge that is relevant to human
OA and that cannot currently be obtained from rodent models or experimentally induced dog
models of OA. Ultimately, this Review aims to raise awareness of spontaneous dog OA and to
stimulate discussion regarding its exploration under the One Medicine initiative to improve the
health and well-being of both species.

Nature Reviews Rheumatology volume 15, pages273-287 (2019)
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The most common locations for osteoarthritis in dogs include the knee, hip,
shoulder and elbow, which are shown with their homologous equivalent in humans.

Average lifespan ~90 years i

L | o)
Juvenile Adolescent Adult Geriatric
0-13 years 13-18 years 18-70 years 70-90 years

_ Average lifespan ~12 years

L 1 JAN )L 1 )L [ )
Juvenile Adult Geriatric
0-6 months 1.5-8 years 8-12 years

Adolescent
6-18 months

Nature Reviews — Rheumatology 2019;15:273-287.
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/ What is osteoarthritis?

BE=Tre

¢ Osteoarthritis is a very common problem in small
animals, as it is in humans. It has been estimated that
around 30-50% of dogs and cats will be affected by
osteoarthritis at some point in their lives. The condition
causes long term degeneration of joints and involves
many tissues including cartilage (the white, shiny,
low-friction joint surfaces), bone under the cartilage,
joint capsule and fluid in the joint (synovial fluid).

www.nature.com -Scientific Reports 2018
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Prevalence, duration and
risk factors for appendicular
osteoarthritis in a UK dog
population under primary
veterinary care

Katharine L. Anderson?, Dan G. O'Neill?, David C. Brodbelt?, David B. Church?,
Richard L. Meeson?, David Sargan*, Jennifer F. Summers?, Helen Zulch® &
Lisa M. Collins ©°
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The effects
of Insulin-like
growth factor

on cartilage
healing and
repair

ags nternationa ‘a
Osteoarthritis | c R S Ic:lrtilag;e ! A g:/osmmmuuns

and Cartilage oot

Society

A review of the effects of insulin-like growth factor and platelet derived

growth factor on in vivo cartilage healing and repair

M. B. Schmidt Ph.D.{*, E. H. Chen Ph.D.1 and S. E. Lynch D.M.D., D.M.Sc.§||
1 Schmidt Technical Consulting, LLC, USA

T Chen Consulting, Inc., USA

& BioMimetic Therapeutics, Inc., USA

| Department of Surgery, Vanderbilt University School of Medicine, USA

Summary

Growth factors may enhance current cartilage repair techniques via multiple mechanisms including recruitment of chondrogenic cells (chemo-
taxis), stimulation of chondrogenic cell proliferation (mitogenesis) and enhancement of cartilage matrix synthesis. Two growth factors that have
been studied in cartilage repair are insulin-like growth factor (IGF) and platelet derived growth factor (PDGF). IGF plays a key role in cartilage
homeostasis, balancing proteoglycan synthesis and breakdown. Incorporating IGF into a fibrin clot placed in an equine cartilage defect im-
proved the quality and guantity of repair tissue and reduced synovial inflammation. PDGF is a potent mitogenic and chemotactic factor for
all cells of mesenchymal origin, including chondrocytes and mesenchymal stem cells. Resting zone chondrocytes cultured with PDGF dem-
onstrated increased cell proliferation and proteoglycan production, while maturation of these cells along the endochondral pathway was in-
hibited. Pretreating chondrocytes with PDGF promotes heterotopic cartilage formation in the absence of any mechanical stimulus. PDGF
has also been shown to be a potent stimulator of meniscal cell proliferation and migration.

These studies and others suggest a potential role for these potent biological regulators of chondrocytes in cartilage repair. More work
needs to be performed to define their appropriate dosing and the optimum delivery method. Combining tissue growth factors with a biological
matrix can provide a physical scaffold for cell adhesion and growth as well as a means to control the release of these potent molecules. This
could result in biological devices that enhance the predictability and quality of current cartilage repair techniques.
© 2005 OsteoArthritis Research Society International. Published by Elsevier Lid. All rights reserved.

Key words: Insulin-like growth factor, IGF, Platelet derived growth factor, PDGF, Cartilage, Meniscus, Repair.
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/ Strontium salt—Rationale in OA
In vivo results

A 16-week osteoarthritis intervention study in the dog ACL model

Treatment initiation Mean weight: 25 + 3 kg

= Anterior Cruciate Ligament section (right knee)

N=40 dogs: 25, 50, 75 mg/kg/day of Sr salt orally versus placebo.
The morphological observers blinded to the treatment groups.

» To investigate:
» Macroscopic lesions of cartilage between femoral condyles and tibial plateaus.
» Changes of subchondral bone plate

» Cartilage & synovial key proteases
» IL-1B, MMP-1, MMP-13, ADAMTSS, cathepsin K

JP Pelletier et al. Ann Rheum Dis. 2013 Feb;72(2):250-257.
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/ Macroscopic appearance of cartilage (16 weeks)

Femoral condyles Tibial plateaus

oA-Placebo

129.6463.4 180.7+49.5

84.5+62.1 139.1+49.4

JP Pelletier et al. Ann Rheum Dis. 2013 Feb,72(2):250-257.
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A Healthy

B Osteoarthritis

Vascular infiltration

Osteoclast (increased
bone turnover)

Bone

Calcified cartilage

Deep zone

Osteophyte formation

Cartilage
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iddle zone Macrophage (activated)

Fissural lesion

Superficial zone
-

Synovium —

Macrophage —§
(inactive)

Synovium (fibrotic)

Cartilage erosion

Hypertrophic chondrocyte
Chondrocyte
Apoptotic chondrocyte
Pore formation in the
Osteoclast
(minimal bone subchondral bone plate
turnover) Sclerotic bone formation

Osteoblast
(inactive)

L Osteoblast (activated)

S Glyn-Johns, AJR Paimer et al. Lancet. 2015 March.
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JP Pelletier et al. Ann Rheum Dis. 2013 Feb;72(2):250-257.
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Safety

All dogs completed the study and the treatment was well toler-
ated throughout the dosing period. There was no significant
change in the weight of the dogs or evidence of any meaningful
side effects during the conduct of the study.

JP Pelletier et al. Ann Rheum Dis. 2013 Feb,72(2):250-257.
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CANINE MOBILITY

Investigation and management

of canine osteoarthritis

Rob A. Pettitt, Alexander J. German

Lameness in dogs will be a familiar part of any small animal practitioner’s
caseload. Osteoarthritis is a common cause for this lameness, although

it is often secondary to a primary inciting cause; so treatment and
management may need to address the primary inciting cause as well as the
pain associated with the arthritis. Management of the condition involves

a combination of medical and surgical options, and weight management
can often be crucial in reducing pain and improving patient mobility. In this
article, Rob Pettitt and Alex German explore the multifactorial elements in
both investigating and managing this condition in dogs.

As part of the
management of of
recent efforts to dé
questionnaires thi
and can be used
disease at the oul
treatment. Althou
not been fully va
tool in the managd
available either a
[Brown and others]

In vitro work into glucosamine has shown
that it can alter chondrocyte metabolism and
this is the rationale for its use in osteoarthritis.
However, the efficacy of glucosamine in vivo
remains unproven and evidence is lacking
as to whether oral glucosamine reaches the
chondrocytes in any useful form. Similar
findings have been seen with chondroitin
sulphate where there has been much debate
over whether the molecule reaches articular
cartilage intact or as a depolymerised
version. The benefits of nutraceuticals in the
management of osteoarthritis are debatable

R.A. Pettitt et al. In Practice FOCUS. November 2015.

and two large double-blinded negative-

controlled studies reported no significant

efficacy (Moreau and others 2003, Clegg and

others 2006) and current evidence remains

insufficient to endorse their efficacy in the

24

management of canine osteoarthritis.




/ LANCET - March 4, 2015
Osteoarthritis

Outcome

Comments

Lifestyle modification

Weight loss;* % exercise”
(strength and aerobic capacity)

Symptom improvement and reduced

risk of symptomatic osteoarthritis

MRI and biochemical marker evidence

of structural modification

Surgical modification of joint biomechanics

Periarticular osteotomy**** (to
correct mechanical axis of knee
or orientation of acetabulum)

Debridement of FAI lesions'™

Joint distraction'” (6-12 weeks)

hyaluronic acid”
108

Doxycycline

FGF-18 (intra-articular)™*®

Strontium ranelate™

Glucosamine and chondroitin;**®

Meta-analyses do not show
improvement in symptoms or
structure over placebo

Structural modification but no
symptomatic benefit

Structural modification but no
symptomatic benefit

Pharmaceutical: targeting bone remodelling

Improvement in symptoms and
structure

D, . PP P Y

) ! 4

Microfracture of subchondral
bone™

Cell-based therapies'™**
(autologous chondrocyte
implantation)

hyaluronic acid'”

Doxycycline’™

JP Pelletier et al. Ann Rheum Dis. 2013 Feb;72(2):250-257.

FGF-18 (intra-articular)™®

Strontium ranelate™

Pharmaceutical: taﬁina cartil laﬁ ﬁﬂdabon

Glucosamine and chondroitin;®  Meta-analyses do not show

Pharmaceutical: targeting bone remodelling

Established technique for
improvement of symptoms and
probably joint survival

Symptom improvement sustained
beyond 5 years

Sustained symptomatic
improvement with evidence of
cartilage regeneration

Slight improvement in pain and
defect filling

Slight improvement in pain and
defect filling

improvement in symptoms or
structure over placebo
Structural modification but no
symptomatic benefit
Structural modification but no
symptomatic benefit

Improvement in symptoms and
structure

25

Potential role as primary prevention
strategy

Suggested potential for cartilage
regeneration after these procedures

Small cohort studies only; structural
meodification not yet shown; RCTs
underway

Best evidence so far that cartilage
can regenerate in an osteoarthritic
joint

Produces mechanically inferior
fibrocartilage rather than hyaline
cartilage

Might provide more durable repair
tissue than microfracture but
further studies are needed;
technique is expensive

Conflicting results from different
studies

Limited by side-effects

Primary outcome measure of
structural change in medial
compartment not shown

Limited by side-effects
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Radioclinical Progressors [] Placebo (n=472)
15 - [71 Strontium salt 1 g (n=445)
[ Strontium salt 2 g (n=454)
12 -
g
=z  9-
.5 P=0.046
T
o P=0.009
6 e Radioclinical progressors:
- P=0.045 P<0.001 Joint space narrowing 2 0.5
P=0.007 P<0.001 mm & lack of improvement
in WOMAC pain (= 20%) vs.
3- baseline
0

12 months 24 months 36 months

JY Reginster, C Cooper, et al. Ann Rheum Dis.. 2013 Feb;72(2):179-86
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See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/350512929
Beynen AC, 2021. Strontium in petfood

Article - March 2021

water and soil, thus also entering plants and livestock. Strontium is not intentionally added to
petfood. Regular ingredients bring along the element as an intrinsic component. Analysed
contents of strontium in kibbled and canned petfoods varied from 5 to 190 mg per kg dry matter
(or per kg of the food’s residue after removal of its moisture).

There are no indications that strontium is an essential nutrient for dogs and cats. Research data
indicate that part of the strontium ingested by dogs and cats crosses the intestine and is
subsequently excreted in urine. Circumstantial evidence indicates that strontium in petfood is safe
for dogs, including in the long term. Seemingly, the same holds for cats, but the designations are
weak.

Plasma strontium

It has been proposed that oral strontium is useful in the treatment of osteoarthritis (Note 13). Based
on indicators, it has been concluded (13) that ingested strontium ranelate (Ci2HsN,0sSSr) reduces
the progression of surgically-induced osteoarthritis in dogs. The dogs (n=10/group) received
Requirement

In the light of the osteoarthritis study (13), strontium might have pharmacological potency in dogs.

Toxicity

In 2005, the Committee on Minerals and Toxic Substances in Diets and Water for Animals (18)
concluded: “strontium is not a toxicological concern for animals”. That conclusion is based on data
indicating that cattle, swine and chickens can tolerate strontium amounts that are 100 to 1,000
times greater than those normally found in their diets. Early single strontium challenges via various
routes also revealed low toxicity in dogs (Notes 18-20) and cats (Note 21).
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Biography of Anton C. Beynen

Anton C. Beynen was born in 1953. As from 1987 he has held 7 different professorships. He
now 1s head of Research and Development for Vobra Special Petfoods BV, Veghel. The
Netherlands.

Anton Beynen has a M.Sc. of human nutrition (1977) and wrote a Ph.D. thesis (1981) on the
regulation of fat metabolism. As a professor at Wageningen University, The Netherlands
(1987-1992), at the University of Indonesia, Jakarta, Indonesia (1991-1993), at Utrecht
University, The Netherlands (1993-1998, 1995-1999, 1999-2007), at Rajamangala University
of Technology-Isan, Sakon Nakhon (2006-now) and at King Saud University, Riyad, Saudi
Arabia (2009-2014) he has supervised PhD students and taught basic and applied animal
nutrition to students of veterinary and biomedical sciences. Anton Beynen carries out
research, the main topic now being diet in health and disease in dogs and cats.

In 1993 Anton Beynen received, as the first non-US investigator, the Bio-Serv Award of
experimental animal nutrition. In 2000 he was honoured as best teacher of the Faculty of
Veterinary Medicine and in 2002 he was the most prolific supervisor of Ph.D. students of
Utrecht University. Anton C. Beynen has served on the editorial board of 12 international
journals, 1s supervisor of 51 completed Ph.D. theses and 1s (co)author of more than 700
publications of which 430 are indexed by PubMed (www.ncbi.nlm.nih.gov) and has been
recognized as highly cited author in the area of agricultural sciences
(www.isthighlycited.com).
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