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WHAT ARE CHONDROCYTES?

Chondrocytes are highly specialized 
cartilage cells that create and maintain 
the extracellular matrix (ECM) on 
which they will live for the rest of their 
lives. Composing only 2% of articular 
cartilage total volume, chondrocytes 
are essential for the structure and 
function of cartilage.3 Originating 
from mesenchymal cells or their 
sister cells, they can vary in shape, 
number and size depending on the 
region that the cell is occupying. Each 
chondrocyte creates a specialized 
microenvironment and is responsible 
for the turnover of the ECM in its 
immediate vicinity, which prevents 
them from migrating to other areas of 
the cartilage.3 Therefore, chondrocyte 
health relies on an optimal chemical 
and mechanical environment.3

HOW ARE CHONDROCYTES DAMAGED?

According to McIlwraith (2010), surveys 
have shown that 60% lameness issues 
in horses are related to osteoarthritis 
(OA).4 OA is a degenerative joint disease 
characterized by cartilage breakdown, 
osteophyte formation, joint capsule 
alteration, and synovial membrane 
inflammation that causes joint pain.5,6 
This can happen naturally over time with 
typical “wear and tear” or through acute 
trauma to the joint. There are multiple 
hypotheses as to how chondrocytes 
become senescent with age with the 
most popular being telomere erosion 
and oxidative damage.7 Telomeres 
are the DNA sequences found at the 
ends of chromosomes that serve as an 
“aglet” to protect DNA from enzymatic 
erosion. Erosion occurs with each 
round of mitosis, leading to eventual 
telomere exhaustion, DNA damage, 
and cell senescence.8 Oxidative 
stress offers an alternative method 
for cellular senescence. Age-related 
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C artilage is a very important tissue 
devoid of vascular and neural 

tissues that is responsible for allowing 
animal movement and performance. 
Chondrocytes are the foundational 
cells of cartilage that go completely 
unnoticed until they are damaged. 
Cartilage should be admired for its 

simple and elegant composition that 
is nearly self-sufficient due to the work 
of its chondrocytes, which serve as 
architect, builder, custodian, repairer, 
and demolitionist for its home in the 
cartilage matrix.1 Without chondrocytes, 
cartilage slowly deteriorates, leading to 
joint failure.2
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degeneration of mitochondria leads 
to higher free radical production and 
causes oxidative damage. Oxidatively 
damaged mitochondria can initiate 
apoptosis and produce higher amounts 
of reactive oxygen species (ROS) that 
further damage the cartilage matrix.9,7 
As cell damage due to senescence 
increases, cell function naturally 
declines. This is evidenced through 
aggrecan synthesis comparisons in 
older and younger chondrocytes.10 In 
Buckwalter’s study (1994) on age-related 
changes in proteoglycans, it was 
observed that older chondrocytes 
produced significantly shorter and more 
variable proteoglycan aggregates as 
opposed to the younger chondrocytes.10 

Proteoglycan aggregates give cartilage 
stiffness to compression, resilience, and 
durability; therefore, their deterioration 
can be directly correlated to a failing 
joint. With acute trauma, up to 50% of 
chondrocytes die within 6-96 hours after 
exposure to mechanical injury.11 Not 
only will the impact kill chondrocytes, 
but a signaling cascade that produces 
ROS and nitric oxide (NO) will cause 
cell death.11 The tissue damage will 
stimulate a proliferative response to 
maintain or restore the cartilage, but 
the anabolic response eventually 
declines and the imbalance between 
chondrocyte reparative activity and 
degradative activity leads to progressive 
deterioration of the joint.7

HOW DO CHONDROCYTES PROLIFERATE?

As a component of articular 
cartilage, chondrocytes proliferate 
slowly because of their avascular 
environment.12,13 Without a blood supply, 
chondrocytes function in a low oxygen 
environment with a low metabolic 
turnover, making regeneration difficult 
and time-consuming.13,14 There are 
many biological pathways that can 
stimulate chondrocyte proliferation, 
but for this article we will be focusing 
on proliferation via inflammatory 
stimulation. Chondrocyte proliferation 
can be stimulated to begin cartilage 
repair by taking advantage of 
inflammatory mediator receptors. 

Continued

800.279.6452 17



18  |  INSIGHT EQUINE EDITION ANIMALHEALTHINTERNATIONAL.COM  I  PATTERSONVET.COM

In low concentrations, prostaglandin 
E2 (PGE2) attaches to receptors 
on chondrocytes that promote 
proliferation.15 Because chondrocytes 
and the ECM have a close and 
reciprocal relationship, the increase 
of cellular proliferation will also lead 
to an increase in ECM components.16 
The ECM is composed of an array 
of proteins including collagen, 
proteoglycans, fibronectin, and elastin.16 
The chondrocyte cells produce, 
secrete, deposit, and remodel the 
ECM to mediate the composition of 
their environment; in return, the ECM 
transmits signals through ECM receptors 
to influence cell characteristics 
and activities.16 

WHAT CAN BE DONE TO SUPPORT 
CHONDROCYTE FUNCTION?

There are many ways to support 
chondrocyte health such as weight 
management or weight loss, exercise, 
and nutrition. Overconditioning and 
obesity have many negative impacts on 
the health and performance of horses, 
and veterinarians should implement 
measures to identify, treat, and prevent 
its condition.17 Obesity causes weight-
bearing to be shifted onto areas of 
cartilage incapable of sustaining such 
loads and creates systemic inflammation 
in the joint.18 Weight loss has been found 
to improve joint function due to the 
alleviation of strain on weight-bearing 
joints.18 Regular exercise has also been 
observed to improve joint health as joint 
loading is essential for the maintenance 
of healthy cartilage.18 Nutritionally, foods 
that are high in antioxidants and anti-
inflammatory components have been 
shown to mitigate/delay the effects of 
OA. Damaged joints can accumulate 
high levels of omega-6, which promotes 
inflammation in the joint.19 It has been 
demonstrated that the administration 
of omega-3 polyunsaturated fatty acids 
(PUFAs) reduces inflammatory mediators 
in equine monocytes, decreases equine 
synovial inflammation in vitro, and 
inhibits prostaglandin production.4,20 

This is likely due to the anti-inflammatory 
properties of omega-3. Food high 
in cholesterol should be avoided 
as cholesterol has been found to 
accumulate in joints damaged by OA.19 
Cellular cholesterol accumulation has 
been known to induce cytotoxicity 
and can promote arachidonic 
acid (AA) formation.19 Antioxidant 
supplementation is also beneficial to 
combat the oxidative damage caused 
by ROS on chondrocytes and the ECM. 
Another way to support chondrocyte 
function is with oral joint supplements, 
which can range from chondroitin 
sulfate and glucosamine to natural 
supplements. Chondroitin sulfate is 
a glycoaminoglycan (GAG) produced 
by the body and is an important 
component of the ECM. Due to its 
negative charge, it is responsible for 
the water retention in cartilage which 
is important for pressure resistance.21 
However, there is mixed evidence 
to support supplemental chondroitin 
sulfate’s effect on chondrocyte health. 
Products utilizing biota seed oil have 
been shown to increase chondrocyte 
proliferation and decrease inflammatory 
mediators prostaglandin E2 (PGE2) and 
nitric oxide (NO) in vivo and in vitro.22,23 
In a study completed by Seabaugh 
(2020), 16 horses were induced with 
OA and divided into control (n=8) 
and treatment (n=8) groups. The 
control group was given a liquid gel 
suspension of excipients only and the 
treatment group was given liquid gel 
suspension of excipients and biota 
seed oil. After 70 days, horses in the 
treatment group had significantly 
decreased PGE2 concentrations in 
their synovial fluid and significantly 
decreased radiographic evidence of 
OA.24 Products utilizing biota seed oil 
offer a natural, cost effective alternative 
for OA prevention and treatment that 
not only manages pain but stimulates 
cartilage regeneration.22,23 The utilization 
of products with biota seed oil can be 
a beneficial tool on the roadmap to 
optimal joint health. n

References
1. Simkin PA. A biography of the chondrocyte. Ann Rheum Dis. 

2008;67:1064-1068.
2. Xia Y, Darling EM, Herzog W. Functional properties of 

chondrocytes and articular cartilage using optical imaging to 
scanning probe microscopy. J Orthop Res. 2018;36(2):620-631.

3. Fox AJS, Bedi A, Rodeo SA. The basic science of articular 
cartilage: structure, composition, and function. Sports Health. 
2009;1(6):461-468.

4. McIlwraith CW. Management of Joint Disease in the Sport 
Horse. Proceedings of the 2010 Kentucky Equine Research 
Nutrition Conference, Fort Collins, Colorado, 2010.

5. Sellam J, Berenbaum F. The role of synovitis in 
pathophysiology and clinical symptoms of osteoarthritis. 
Nat Rev Rheumatol. 2010;6(11):625-635.

6. Scanzello CR, Goldring SR. The role of synovitis in 
osteoarthritis pathogenesis. Bone. 2012;51(2):249-257.

7. Martin JA, Buckwalter JA. Aging, articular cartilage 
chondrocyte senescence and osteoarthritis. Biogerontology. 
2002;3(5):257-264.

8. Price JS, Water JG, Darrah C, et al. The role of chondrocyte 
senescence in osteoarthritis. Aging Cell. 2002;1(1):57-65.

9. Tiku ML, Shah R, Allison GT. Evidence linking chondrocyte 
lipid peroxidation to cartilage matrix protein degradation: 
possible role in cartilage aging and the pathogenesis of 
osteoarthritis. J Biol Chem. 2000;275(26):20069-20076.

10. Buckwalter JA, Roughley PJ, Rosenberg LC. Age-related 
changes in cartilage proteoglycans: quantitative electron 
microscopic studies. Microsc Res Tech. 1994;28(5):398-408.

11. Green DM, Noble PC, Ahuero JS, Birdsall HH. Cellular events 
leading to chondrocyte death after cartilage impact injury. 
Arthritis Rheum. 2006;54(5):1509-1517.

12. Iwamoto M, Ohta Y, Larmour C, Enomoto-Iwamoto M. 
Towards regeneration of articular cartilage. Birth Defects Res 
C Embryo Today. 2013;99(3):192-202.

13. Akkiraju H, Nohe A. Role of chondrocytes in cartilage 
formation, progression of osteoarthritis and cartilage 
regeneration. J Dev Biol. 2015;3(4):177-192.

14. He Y, Li Z, Alexander PG, et al. Pathogenesis of osteoarthritis: 
risk factors, regulatory pathways in chondrocytes, and 
experimental models. Biology. 2020;9(8):194.

15. Aoyama R, Liang B, Okamoto T, et al. PGE2 signal through 
EP2 promotes the growth of articular chondrocytes. J Bone 
Miner Res. 2005;20(3):377-389.

16. Yue, B. Biology of the Extracellular Matrix. J Glaucoma. 2014 
Oct-Nov;S20-S23.

17. Thatcher CD, Pleasant RS, Geor RJ, Elvinger F. Prevalence 
of overconditioning in mature horses in southwest Virginia 
during the summer. J Vet Intern Med. 2012;26(6):1413-1418.

18. Chen L, Zheng JJY, Li G, et al. Pathogenesis and clinical 
management of obesity-related knee osteoarthritis: impact of 
mechanical loading. J Orthop Translat. 2020;24:66-75.

19. Thomas S, Browne H, Mobasheri A, Rayman MP. What is the 
evidence for a role for diet and nutrition in osteoarthritis? 
Rheumatology. 2018;57(suppl 4):iv61-iv74.

20. Caron JP, Gandy JC, Brown JL, Sordillo LM. Omega-3 
fatty acids and docosahexaenoic acid oxymetabolites 
modulate the inflammatory response of equine recombinant 
interleukin1β-stimulated equine synoviocytes. Prostaglandins 
Other Lipid Mediat. 2019 Jun;142:1-8.

21. Jerosch J. Effects of glucosamine and chondroitin sulfate 
on cartilage metabolism in OA: outlook on other nutrient 
partners especially omega-3 fatty acids. Int J Rheumatol. 
2011;2011:969012.

22. Pearson W, Orth MW, Karrow NA, Lindinger MI. Effects 
of simulated digests of Biota orientalis and a dietary 
nutraceutical on interleukin-1-induced inflammatory responses 
in cartilage explants. Am J Vet Res. 2008;69(12);1560-1568.

23. Pearson W, Orth MW, Lindinger MI. Evaluation of inflammatory 
responses induced via intra-articular injection of interleukin-1 
in horses receiving a dietary nutraceutical and assessment of 
the clinical effects of long-term nutraceutical administration. 
Am J Vet Res. 2009;70(7):848-861.

24. Seabaugh KA, Frisbie DD, Barrett MF, McIlwraith CW. 
Examining the effects of an extract of Biota orientalis in the 
osteochondral fragment – exercise model of osteoarthritis. 
AAEP Proceedings of the 66th Annual Convention, 
December 2020.


