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Complementary and alternative 
medical therapies, including the 
use of oral nutritional supplements, 

have become increasingly popular in the 
veterinary community, particularly the 
equine industry.1 Among these, joint health 
supplements are ubiquitously employed.1 
Oral joint health supplements are popular 
not only because of the high incidence of 
osteoarthritis (OA; degenerative joint dis-
ease) in the equine population but also 
because of limitations of conventional 
medical treatment.
	 Despite the widespread availability and 
administration of oral nutritional supple-
ments, these products are not considered 
to be drugs by the FDA. As a result, nutri-
tional supplements, including equine oral 
joint health supplements, are poorly regu-
lated and typically lack important pharma-
cologic information, such as absorption, 
distribution, metabolism, excretion, recom-
mended dosages, and safety information. 
This dearth of basic scientific information 
makes it challenging for practicing veteri-
narians to identify quality oral joint health 
supplements.
	 Comprehensive reviews have been pub-
lished regarding the medical management 
of equine OA2 and the use of nutraceuticals  
in horses with OA3 (both of these reviews 

include an up-to-date description of the 
pathophysiology of OA) as well as future OA  
management strategies.4 Together, these lay  
an excellent foundation for this discussion,  
which focuses on the rationale for the 
administration of various oral joint health 
supplements, including glucosamine, chon-
droitin sulfate, methylsulfonylmethane (MSM),  
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At a Glance

Abstract: Oral joint health supplements are popular in the equine industry despite, in many cases, a 
lack of understanding of the chemistry, pharmacology (particularly safety), and appropriate dosages 
of these products among owners and trainers. The most popular ingredients include glucosamine, 
chondroitin sulfate, and methylsulfonylmethane; however, a multitude of alternative supplements, in-
cluding cetyl myristoleate, hyaluronic acid, ester-C, devil’s claw, yucca, garlic, and avocado/soybean 
unsaponifiable extracts, are also widely available. In this article, the most up-to-date information 
regarding the chemistry, pharmacokinetics (primarily absorption), safety, and dosing of oral joint 
health supplements is relayed in a practical manner. This information can help clinicians educate 
clients regarding the use of supplements to ensure that horses derive as much benefit as possible.
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sis in foals and yearlings has been significantly reduced.
Despite these altered practices, however, the disease
complex remains at an incidence plateau of approxi-
mately 10%. In addition, osteochondrosis has been
identified in feral horses not receiving high levels of
nutrition.

GENETIC INFLUENCE
The possibility of a familial tendency for osteochon-

drosis has been described, particularly in Standardbreds
and Swedish Warmbloods. In these breeds, the inci-
dence of osteochondrosis is significantly greater in off-
spring of stallions with osteochondrosis of the hock
than in offspring of stallions without the disease. Her-
itability estimates of up to 0.52 also support genetic
influence as an important factor in osteochondrosis. In
further support of heritability as an etiologic factor,
research shows that inherent growth rate is a major
determinant in the development of femoropatellar
osteochondrosis in horses. Based on this study, greater
weight gains during the third and fifth months of life
appear to have the most influence on the development
of osteochondrosis. The same study did not report a
gender influence on the prevalence of osteochondrosis.
However, others have reported a male predominance:

twice the number of males underwent surgery for fem -
oropatellar osteochondrosis than did females.

BIOMECHANICAL FACTORS
Environmental conditions such as access to exercise

have been investigated to determine their effects on the
manifestation of osteochondrosis. In one study, three
groups of foals were compared: those confined in stalls,
those turned out to pasture, and those confined in stalls
but galloped daily. Although the addition of exercise
did not significantly affect the number of osteochon-
drotic lesions, it did affect their location and severity.
Compared with other affected foals, foals confined in
stalls tended to have more severe lesions, and the fem oral
condyles were more often affected. In contrast, exercised
foals tended to have lesions involving the lateral
trochlear ridge of the femur. The results of this study
indicate that the number of osteochondrotic lesions per

foal decreases significantly from 5 to 11 months of age,
suggesting that lesion healing may occur naturally during
this 6-month period. Based on this study, biomechani-
cal forces appear to play an important role in the location

and severity of osteochondrotic lesions. Other investiga-
tors also suggest that biomechanical forces play an
important role in causing the detached cartilage flaps
associated with osteochondritis dissecans by initiating
separation at the chondro-osseous junction, where the
matrix is already weakened.

MOLECULAR ALTERATIONS
The biochemical phenomena that precede the weak-

ened matrix associated with osteochondrosis have only
recently been studied. There is little doubt that some
abnormality in matrix production and assembly is at the
core of the development of osteochondrosis. It is likely
that aberrant signaling to the chondrocytes of the prehy-
pertrophic or hypertrophic layers of the articu-
lar–epiphyseal cartilage complex may result in delayed
chondrocytic differentiation and matrix calcification and
the subsequent development of osteochondrosis. Figure 2

Rapid growth rates and factors that lead to rapid growth, including genetic and
environmental influences, predispose young horses to osteochondrosis.

Figure 1. Osteochondrotic lesion (arrow) of the
femoropatellar joint in a yearling quarter horse. The
cartilage of the lateral trochlear ridge of the distal femur remains
attached to adjacent cartilage but has partially separated from 
the underlying subchondral bone.

steochondrosis constitutes a complex
of cartilage aberrations, collectively
known as developmental orthopedic dis-

eases in horses, including osteochondritis disse-
cans of the joints (Figure 1), physitis, collapse
of cuboidal bones in the carpus and hock, and
cervical vertebral malformation. Osteochon-
drosis develops as the result of focal or multifo-
cal defects in cartilage differentiation and
endochondral ossification. Dyschondroplasia is
used synonymously with osteochondrosis to
describe the disease in horses, but dyschon-
droplasia really represents a more generalized
metabolic disorder of endochondral ossification
that affects the entire skeleton from the early
stages of development. The definitive cause of
osteochondrosis has not been identified, despite

many studies of this disease in
horses and other species. The
consensus is that osteochon-
drosis is multifactorial and
likely the result of a combina-
tion of metabolic derange-
ments. Nutrition, hereditary

factors, biomechanical trauma, and molecular
aberrations have all been implicated in the
etiopathogenesis of osteochondrosis.

NUTRITION
The impact of nutrition on the development of

osteochondrosis has been studied extensively dur-
ing the past 15 years. High planes of nutrition
coupled with rapid growth rates are associated
with an increased incidence of osteo chondrosis.
In addition, weanlings with a high glucose and
insulin response to concentrates may be predis-
posed to osteochondrosis, and weanlings that
have adapted to high glycemic feeds may show
changes in insulin sensitivity. Other nutritional
factors that may be involved in the etiopathogen-
esis include low copper, calcium, or selenium lev-
els and high phosphorus, zinc, or molybdenum
levels. Copper supplementation of mares dur-
ing pregnancy may help decrease the prevalence
of osteochondrosis.

As a result of altered nutritional practices to
reduce growth rates and balance the mineral
content of feed, the incidence of osteochondro-
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ABSTRACT: Osteochondrosis is a disease of articular cartilage development and is a major source

of lameness in young horses, leading to decreased athletic potential. Osteochondrosis involves

abnormal differentiation and ossification of articular cartilage during development, resulting in a

weakened cartilage matrix and subsequent cartilage flap formation within the joint. This disease is

multifactorial, with nutrition, growth rate, hereditary factors, and trauma playing important roles. In

addition, aberrant local signaling to the chondrocytes in the deep layer of the articular-epiphyseal

cartilage complex is believed to underlie the development of this disease.
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and avocado/soybean unsaponifiable (ASU) 
extracts, either alone or in combination prod-
ucts, to horses with OA. This article examines 
the chemistry of articular cartilage and some 
oral joint health supplement components and 
presents the most up-to-date and relevant phar-
macologic information available. This should 
allow practicing equine veterinarians to remain 
current with the ever-increasing information 
regarding oral joint health supplements and 
to facilitate product, formulation, and dosing 
decisions.
 
Glucosamine
Glucosamine is a water-soluble amino monosac-
charide that is a fundamental building block for 
articular cartilage.5,6 As illustrated in Figure 1, 
glucosamine is integral to the synthesis of vari-
ous glycosaminoglycans (i.e., large molecules 

comprising repeating disaccharide units), 
including chondroitin sulfate and keratin sulfate 
(Figure 2). In turn, these glycosaminoglycans 
are incorporated into proteoglycans, which are 
large molecules composed of a protein core 
and at least one glycosaminoglycan molecule 
that is covalently attached.7,8 Perhaps the most 
well-known proteoglycan is aggrecan (Figure 3), 
which provides compressive stiffness to articular 
cartilage by swelling and hydrating the frame-
work of collagen fibrils.7,8

	 Glucosamine is commercially available in 
three main forms: glucosamine hydrochlo-
ride, glucosamine sulfate, and N-acetyl-d-
glucosamine (Figure 4). The hydrochloride 
and sulfate forms are both salts that stabilize 
glucosamine following its large-scale produc-
tion.9 The pK

a
 of glucosamine is 6.91 at 98.6°F 

(37°C), which means that in the acidic stomach 

Glucosamine is 
a water-soluble 
amino monosac-
charide that is a 
fundamental build-
ing block for articu-
lar cartilage.
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FIGURE 1
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Biosynthetic pathway of various gly-
cosaminoglycans, including keratin sulfate and 
chondroitin sulfate, which are the “building 
blocks” for healthy articular cartilage.
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environment, dissolution of the salts generates 
glucosamine free base5,6 (figure 4). The free-
base form is thought to be absorbed and ulti-
mately incorporated into various biosynthetic 
pathways, including the synthesis of cartilage 
glycosaminoglycans as described in Figure 1.
	 While all glucosamine salts are believed to 
generate glucosamine free base in the stomach, 
not all glucosamine salts deliver comparable 
amounts of glucosamine free base. Ninety-nine 
percent–pure glucosamine hydrochloride deliv-
ers approximately 80% glucosamine free base, 
whereas glucosamine sulfate delivers 50% to 
60%.9–11 Thus, if an oral joint health supplement 
contains 12 g of glucosamine hydrochloride, 
the horse is actually being fed 9.6 g of glu-
cosamine free base. Likewise, if 12 g of glu-
cosamine sulfate per serving is administered, 
the horse is receiving 6 to 7.2 g of glucosamine 
free base.
	 Glucosamine is widely regarded as safe. 
Even after oral administration of very high lev-
els of glucosamine (>5000 mg/kg), no mortal-
ity was noted in mice or rats.12 Adverse events 
associated with administration have not been 
reported in horses.13,14 In human trials, such 
as a study by Reginster et al,15 primary com-
plaints included gastrointestinal (GI) effects 
(i.e., abdominal pain, diarrhea, dyspepsia), but 
fatigue, headache, vertigo, depressed mood, 
and allergic episodes were also reported; how-
ever, there were no significant differences in 
the reporting of adverse events between the 
treatment and placebo groups. 
	 In late 2004 and early 2005, two separate 

studies conducted by the research groups of 
Du13 and Laverty,14 respectively, reported that 
glucosamine hydrochloride was absorbed in 
horses following intravenous or oral adminis-
tration via nasogastric intubation. Laverty et al14 
reported a mean bioavailability of 5.9% follow-
ing oral administration at a dose of 20 mg/kg 
(approximately 10 g) in eight horses, whereas 
Du et al13 identified a mean bioavailability of 
2.5% after the administration of 125 mg/kg 
(approximately 56 g for an average horse [990 lb; 
450 kg], which is fivefold to tenfold higher than 
typical doses) of glucosamine hydrochloride. 

Chondroitin Sulfate
Chondroitin sulfate is a highly sulfated disac-
charide polymer (Figure 2). Like glucosamine, 
chondroitin sulfate is a basic building block 
of articular cartilage and highly variable in 
terms of molecular weight, source, degree of 
sulfation, and purity.3,16 Chondroitin sulfate is 
an expensive ingredient and, therefore, is fre-
quently criticized in terms of failing to meet 
label claims.17

	 Like glucosamine, chondroitin sulfate is 
generally considered safe because the LD

50
 

in mice is >10,000 mg/kg.18 Adverse events 
related to the administration of chondroitin 
sulfate alone have not been reported in horses. 
In the human literature, chondroitin sulfate–
related adverse events are typically mild and 
include GI and unspecified “musculoskeletal 
and connective tissue” complaints, although 
no difference between treatment and placebo 
groups was noted.19

Perhaps the most 
well-known proteo-
glycan is aggrecan, 
which provides 
compressive stiff-
ness to articular 
cartilage by swell-
ing and hydrating 
the framework of 
collagen fibrils.
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Chondroitin sulfate C (chondroitin 6-sulfate) and chondroitin 
sulfate A (chondroitin 4-sulfate).

Keratin sulfate.

FIGURE 2
Chemical structure of two predominant glycosaminoglycans in equine articular cartilage.
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	 Du et al13 reported a bioavailability of 22% 
for a low-molecular-weight chondroitin sulfate 
product after orally administering 3 g via naso-
gastric intubation. This study indicates that 
this particular low-molecular-weight chondroi-
tin sulfate is absorbed systemically at this dose. 
Most equine oral joint health supplement prod-
ucts recommend 0.5 to 2.4 g of various forms 
and purities of chondroitin sulfate, although a 
select few recommend up to 3.6 g; however, 
without further clinical trials in horses, the 
effective dose is still unknown. 

Glucosamine/Chondroitin Sulfate 
Combination Products
Few studies have evaluated the effect of the 
combination of glucosamine and chondroitin 
sulfate in treating equine OA. Hanson and col-
leagues20 identified a beneficial effect in horses 
with navicular syndrome after the adminis-
tration of 9 g of glucosamine hydrochloride 
and 3 g of chondroitin sulfate daily for 8 
weeks. Similarly, while being treated with glu-
cosamine/chondroitin sulfate, 25 horses with 
degenerative joint disease experienced signifi-
cant improvement in lameness in the first 2 
weeks, which remained level for the follow-
ing 4 weeks.21 The doses used in this study 

were 5.4 g of glucosamine hydrochloride and 
1.8 g of chondroitin sulfate twice per day in 
horses weighing less than 1199 lb (545 kg) and 
7.2 g of glucosamine hydrochloride and 2.4 g 
of chondroitin sulfate twice per day in horses 
heavier than 1199 lb (545 kg).21 Improved 
stride characteristics were noted in 20 vet-
eran horses that were administered 2 to 4 g 
of purified chondroitin sulfate, 5 to 10 g of 
glucosamine hydrochloride, and 500 mg to 1 g 
of N-acetyl-d-glucosamine PO for 12 weeks.22 
In terms of safety, horses administered five 
times the recommended maintenance dose 
(i.e., 18 g of glucosamine hydrochloride and 
6 g of chondroitin sulfate daily for 35 days) 
experienced no clinically significant changes 
in physical, hematologic, or serum biochemi-
cal parameters.23 
	 In an in vivo study by Lippiello and col-
leagues,24 the effect of glucosamine and chon-
droitin sulfate in combination was superior 
to that of either agent alone using a rabbit 
instability model of osteoarthritis. The syner-
gistic activity of glucosamine and chondroitin 
sulfate was also reported by Homandberg et 
al25 while assessing the effectiveness of this 
combination to protect cartilage from proteo-
glycan loss caused by exposure to fibronectin 

Chondroitin sulfate 
is a highly sul-
fated disaccharide 
polymer.
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Chemical structure of aggrecan—a large proteoglycan molecule responsible for providing compres-
sive stiffness by swelling and hydrating the framework of collagen fibrils.

FIGURE 3
Keratin  

sulfate–rich 
region

Hyaluronic 
acid

Random  
chondroitin sulfate 
attachment region

Clustered  
chondroitin sulfate 
attachment region

Chondroitin sulfate–rich region



Oral Joint Health Supplements

CompendiumEquine.com  |  May 2009  |  Compendium Equine: Continuing Education for Veterinarians®    181

FREE

CE

fragments when added to bovine cartilage cul-
tures (which are known to stimulate cytokines 
and matrix metalloproteinases).25 This study 
revealed that the combination of glucosamine 
and chondroitin sulfate at physiologically rel-
evant concentrations synergistically reversed 
fibronectin fragment–induced cartilage dam-
age and promoted proteoglycan synthesis.25 

Avocado/Soybean Unsaponifiable Extracts
Unlike information regarding glucosamine and 
chondroitin sulfate, the history of how ASU 
extracts were discovered to be potential dis-
ease modifiers for OA is unclear. Nonetheless, 
ASU extracts have been studied in human 
OA for the past decade and have just recently 
been introduced to the North American equine 
industry. ASU extracts are produced by isolat-
ing the oils from avocados and soybeans, col-
lecting the unsaponifiable fractions (i.e., the 
oils that remain after hydrolysis and do not 

form soaps), and combining these unsaponi-
fied oils in various ratios (1:2 is typical).26

	 In humans, 300 mg of ASU (4.6 mg/kg per 
143-lb [65-kg] person) PO per day appears to 
be the standard recommended dose. No LD

50
 or 

pharmacokinetic/pharmacodynamic informa-
tion was identified while preparing this article. 
As summarized in a systematic review of four 
human clinical trials, the adverse effects asso-
ciated with ASU extract administration were 
infrequent and mild.26 The predominant com-
plaints were related to the GI system and were 
reported with equal frequency in the treatment 
and placebo groups.26 In horses, the safety of 
ASU (in combination with glucosamine and 
chondroitin sulfate) was evaluated in 20 horses 
during an 84-day period using a randomized, 
blinded, and placebo-controlled study.27 No 
significant changes in complete blood counts, 
serum biochemistry parameters, body weight, 
or physical examination findings were noted. 

Glucosamine hydrochloride.

N-Acetyl-d-glucosamine.

Glucosamine sulfate.

Glucosamine free base.

FIGURE 4
Chemical structures of the common forms of glucosamine.

2

+ 2Na (or K) + SO4
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	 Reported in vitro mechanisms of action 
and the beneficial effects of ASU in well-
designed clinical trials conducted in humans 
spurred the evaluation of ASU in horses.28 In 
a blinded and placebo-controlled clinical trial, 
16 horses underwent surgical induction of an 
osteochondral defect in one middle carpal 
joint on day 0.28 Horses were randomly divided 
into two groups: the ASU extract group was 
administered the supplement mixed with 
molasses, while the placebo group received 
only molasses from day 0 to 70. Beginning on 
day 14, all horses were exercised on a tread-
mill five times weekly until completion of the 
study. Outcome measures included clinical 
evaluation, radiography, serum and synovial 
fluid analyses, gross and histologic examina-
tion, and assessment of the articular cartilage 
matrix. Results indicated that induction of the 
osteochondral defect resulted in a significant 
increase in joint pain and disease. While treat-
ment with ASU extracts did not have an effect 
on pain or lameness, a significant reduction 
in the degree of articular cartilage erosion 
and synovial hemorrhage was observed. In 
addition, there was a significant increase in 
glycosaminoglycan synthesis by articular car-
tilage compared with the placebo group. The 
administered dose used in this study could 
not be calculated based on the published 
information; however, the authors specifically 
stated that no adverse effects were noted and 
the product was easily administered to horses 
when it was mixed with a small volume of 
molasses. This study, which is the only in vivo 
veterinary trial published to date to evaluate 
the efficacy of ASU extracts, concluded that 
while this product did not ameliorate clini-
cal signs of OA, a disease-modifying effect 
was noted compared with placebo-treated 
horses.28 Therefore, the authors suggested 
that it may be best to combine ASU extracts 
with clinical sign–modifying agents in clinical 
practice.

Avocado/Soybean Unsaponifiable Extract/
Glucosamine/Chondroitin Sulfate 
Combination Products
The ASU extract product used in the equine 
clinical trial described above contained only 
ASU extracts and will not be made available 
in the United States.a At present, the only ASU 
extract product available in North America is 

sold in combination with glucosamine and 
chondroitin sulfate.
	 With the use of an in vitro equine chon-
drocyte and osteoblast model activated with 
interleukin [IL] 1β or tumor necrosis factor–α to 
express the inflammatory mediators cyclooxy-
genase-2 (COX-2) and prostaglandin E

2
 (PGE

2
), 

a glucosamine/chondroitin sulfate/ASU extract 
combination product was evaluated for its anti-
inflammatory properties.29 This study found that 
the combination product down-regulated both 
COX-2 and PGE

2
. Furthermore, pretreatment 

of the cultures before cytokine activation pro-
foundly inhibited COX-2 and PGE

2
 production 

compared with activated levels in the control 
cultures.29 Au et al30,31 determined that the glu-
cosamine/chondroitin sulfate/ASU extract com-
bination profoundly inhibited the expression 
of COX-2 in equine chondrocytes and human 
fibroblasts, the chemokines IL-8 and monocyte 
chemoattractant protein 1 in human chondro-
cytes, some cytokines (tumor necrosis factor–α, 
IL-1β), inducible nitric oxide synthase, and mito-
gen-activated protein kinase 14 (also known as 
p38) in monocytes or macrophages. Inhibition 
of expression with the use of a glucosamine/
chondroitin sulfate/ASU extract combination in 
equine and human chondrocytes and mono-
cytes/macrophages was better than that seen 
with the use of glucosamine or chondroitin sul-
fate alone.
	 The manufacturer-recommended dose of 
ASU extracts in the available product is 2100 
mg per two level scoops (32.2 g of product), 
which is equivalent to approximately 5 mg/kg 
for a 990-lb (450-kg) horse. 
 
Methylsulfonylmethane
Considering the popularity of methylsulfo-
nylmethane (MSM), there is exceedingly little 
information regarding its chemistry, pharma-
cology, efficacy, and mechanism(s) of action 
or safety, particularly in the veterinary lit-
erature. MSM is an organosulfur molecule 
(CH

3
SO

2
CH

3
) naturally found in foods such as 

fruit, alfalfa, corn, tea, coffee, and milk32 and 
is metabolized in the body from dimethyl sul-
foxide (DMSO).33 

ASU extracts are 
produced by isolat-
ing the oils from 
avocados and soy-
beans, collecting 
the unsaponifiable 
fractions (i.e., the 
oils that remain 
after hydrolysis and 
do not form soaps), 
and combining 
these unsaponified 
oils in various ratios 
(1:2 is typical).

CriticalPo nt

aPersonal communication with Dr. David Frisbie, 
Gail Holmes Equine Orthopaedic Research Center, 
Department of Clinical Sciences, College of Veteri-
nary Medicine and Biological Sciences, Colorado 
State University (May 2006).
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	 The rationale for administration is twofold. 
First, MSM is a sulfur-containing molecule 
that can be used by the body to synthesize 
various connective tissues.33 Second, because 
MSM is related to DMSO, which has been used 
in managing musculoskeletal disorders, many 
users believe that MSM is therefore also advan-
tageous for musculoskeletal pain, including 
that associated with OA.
	 To date, only two human clinical trials 
involving MSM have been conducted, both of 
which reported improvements in pain, mobility, 
and swelling.33,34 Doses of 1.5 and 6 g/day PO of 
MSM were administered without major adverse 
events. Minor patient-reported adverse events 
included bloating, constipation, indigestion, 
fatigue, decreased concentration, insomnia, 
and headache, but no difference between 
the incidences of these signs existed between 
the treatment and placebo groups.33

	 MSM is considered safe: the LD
50
 is >20 mg/

kg in mice.35 No pharmacologic information 
exists in the human literature, but Horváth et 
al36 found that no adverse events or mortality 
occurred in rats when 2 g/kg PO of MSM was 
administered once, and no postmortem gross 
or renal histologic changes were noted follow-
ing administration of 1.5 g/kg PO for 90 days.
	 Typical recommended dosages of MSM in 
equine supplements range from 5 to 10 g/day 
PO. Kim et al33 used 6 g/day (approximately 
90 mg/kg; divided into 3 g q12h) in humans.
Extrapolating from the human dose, it is pos-
sible that horses can be safely supplemented 
with higher amounts of MSM than the cur-
rently recommended 5 to 10 g/day; however, 

this suggestion should be confirmed in con-
trolled clinical trials. 

Other Ingredients
In addition to the compounds discussed above, 
a medley of other ingredients are commonly 
found in equine oral joint health supplements, 
including ester-C, hyaluronic acid or sodium 
hyaluronate, cetyl myristoleate, yucca, garlic, 
and a variety of amino acids, vitamins, and 
herbs. Many of these compounds are based on 
structural elements of articular cartilage and 
therefore may predominantly serve as precur-
sor molecules. Considering that glucosamine 
and chondroitin sulfate have proven to possess 
numerous additional mechanisms for promoting 
joint health, it will be interesting to observe how 
the use of other supplements will evolve. This is 
certainly an area worthy of further research.

Conclusion
The use of oral joint health supplements in the 
equine industry continues to increase, often 
without veterinary consultation. This article 
can help practicing equine veterinarians better 
convey to their clients more appropriate means 
of using oral joint health supplements. 

Considering the 
popularity of meth-
ylsulfonylmethane, 
there is exceed-
ingly little informa-
tion regarding its 
chemistry, phar-
macology, efficacy, 
and mechanism(s) 
of action or safety, 
particularly in 
the veterinary 
literature.
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1.	 Aggrecan, a proteoglycan, provides
	 a.	 a scaffolding for bony remodeling.
	 b.	� compressive stiffness to articular cartilage.
	 c.	 a and b
	 d.	 none of the above

2.	�Glycosaminoglycans in articular 
cartilage

	 a. 	�serve as building blocks for proteogly-
cans such as aggrecan.

	 b. 	include chondroitin sulfate.
	 c. 	are typically sulfated.
	 d. 	all of the above

3.	Glucosamine is commercially available as 
	 a. 	a sulfate form.
	 b. 	a hydrochloride form.
	 c. 	N-acetyl-d-glucosamine.
	 d. 	all of the above

4.	� A few research trials involving a glu-
cosamine/chondroitin sulfate combina-
tion product have

	 a.	� shown a beneficial effect in treating 
horses with degenerative joint disease.

	 b.	� shown that these products do not have 
a beneficial effect.

	 c.	� demonstrated significant changes in 
clinical measurement (e.g., physical, 

hematologic, and serum biochemical 
parameters).

	 d.	 none of the above

5.	�Oral joint health supplements are popu-
lar in the equine industry due to 

	 a.	 the high incidence of osteoarthritis.
	 b.	 widespread availability of the products.
	 c.	� interest in complementary and alterna-

tive therapies.
	 d.	 all of the above

6. 	�Typical adverse events associated with glu-
cosamine administration in horses include

	 a.	� gastrointestinal upset (vomiting and 
diarrhea).

	 b. 	lameness.
	 c. 	urticaria.
	 d. 	�none of the above (No adverse events in 

horses have been reported.)

7.	� Which statement regarding MSM is correct?
	 a. 	�It is a well-studied product, which 

explains why it is so widely used. 
	 b. 	It is popular but does not work.
	 c. 	�It is popular, but further research must 

be conducted to evaluate its efficacy.
	 d. 	�It is not used in horses; only its metabo-

lite, DMSO, is safe.

8.	Glucosamine is integral to synthesis of 
	 a.	 keratin sulfate.
	 b.	 chondroitin sulfate.
	 c.	 a and b
	 d.	 none of the above

9.	�Which statement regarding studies of ASU 
extract use is correct?

	 a. 	�No studies have evaluated its use in 
horses.

	 b. 	�Kawcak et al28 did not find any benefit to 
using it.

	 c. 	�It appeared to improve signs of pain and 
have a disease-modifying effect.

	 d. 	�While it did not improve signs of pain, 
it appeared to have disease-modifying 
properties.

10. The use of ASU extracts in horses
	 a. 	has not been reported.
	 b. 	�is associated with serious adverse 

effects, according to the only clinical 
trial reported to date. 

	 c. �can effectively protect articular cartilage 
from trauma in performance horses.

	 d. 	�may be beneficial in horses with OA, 
particularly if it is combined with clini-
cal sign–modifying agents.
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