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D egenerative joint disease (Dl 
and its associated joint pathoro- 
gy contributes significantly to 
musculoskeletal lameness and 

loss of function in athletic and pleasure 
Cartilage is made up of colla- 

gen fibers, glycosaminoglycans (GAG), 
and proteoglycans in a predominately 
water m a t r i ~ . ~ , ~  A decrease in GAG con- 
tent in osteoarthritic cartilage is associat- 
ed in direct proportion with the severity 
of the disea~e.~-~ With a loss of GAG con- 
tent the articular cartilage loses its elastic- 
ity and ability to bear and transmit forces 
efficiently, thus resulting in a cascading 
cycle of more cartilage insults.' This com- 
plex process results in the net loss of car- 
tilage and eventual death of the chondro- 
cy te~ .~  

Traditional treatment of DJD has cen- 
tered around non steroidal anti-inflam- 
matory drugs (NSAIDs) and steroidal ther- 
ap ie~ .~  The chronic use of many of these 
agents can decrease or suppress chondro- 
cyte metabolism and cause further degra- 
dation of the cartilage matrix by the inhi- 
bition of normal collagen and proteogly- 
cans synthesis. Some NSAlDs can cause 
gastrointestinal ulceration and hemor- 
rhage.g,10 The problems and limitations of 
NSAlDs and steroidal anti-inflammatory 
agents have recently led to a search for 
agents that relieve pain and inflammation 
and limit or reverse cartilage degenera- 
tion side effects.'' 

C agents have been 
- 
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Twen generative 
joint disease that fit the conditions of the 
study were treated with a glucosamine- 
chondroitin sulfate compound 
(CosequinR:Nutramax Laboratories, Inc., 
Balfimore, MD) to evaluate its 
effectiveness in decreasing lameness. All 
horses were confirmed to have 
degenerative joint disease (DID) by 
physical examination, diagno 
articular anesthesia, and radic 
fluoroscopy of the distal 
interphalangeal, metacarpophalangeal, 
tarsometatarsal or carpal join 
horses weighing less than 54! 
given 9 g of the glucosamine- 
chondroitin sulfate compouna orally 
twice daily for 6 weeks. Horses weighing 
more than 545 kg were given 72 g 
twice daily for 6 weeks. Each 3-9 
measure included 7,800 mg of 
glucosamine hydrochloride, 600 mg of 
purifed chondroitin sulfate, 76 mg of 
manganese, and 704 mg of ascorbate. 
Lameness grade, flexion test grade and 
stride length (cm) were measured at an 
initial examination and re-evaluated at 
2, 4, and 6 week follow-up 
examinations. Repeated meas 
analysis was implemented to I 

lameness using SAS computer pucrtuye 
(Statistical Analysis System, Cc 
Within 2 weeks of the start of 
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defined as compounds that enhance 
chondrocyte macromolecular synthesis 
(glycosaminoglycans, proteoglycans, col- 
lagen, proteins, RNA, and DNA); enhance 
synthesis of hyaluronic acid by synovio- 
cytes; inhibit enzymes that degrade carti- 
lage macromolecules; and mobilize 
thrombi, fibrin, lipids, and cholesterol 
deposits in synovial spaces and blood 
vessels surrounding joints.12 At present no 
known drug is able to accomplish all of 
these objectives. Macromolecules 
endogenous to cartilage and their semi- 
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synthetic or synthetic analogs have been 
rhown to accomplish some but not all of 
these objectives.13-l6 Because the roles 
and functions of endogenous macromole- 
cules are integral to cartilage metabolism, 
they alone appear able from a pharmaco- 
logical perspective to accomplish multiple 
 objective^.^^,^^^^^ Combining the use of 
anti-inflammatory or analgesic drugs with 
macromolecules have exhibited some but 
not all of the object ive~. l~-~~ However, 
adverse side effects of these drugs 
reduces therapeutic benefits of the com- 
b i n a t i o n ~ . ~ ~ ~ ~  

Glucosamine and chondroitin sulfate 
are considered chondroprotective and 
appear to enhance or increase chondro- 
cyte macromolecular synthesis by differ- 
ent me~hanisrns.",l~-l~,~l Clucosamine is a 
direct precursor as well as stimulatory 
agent for chondrocyte and connective tis- 
sue glycosaminoglycan s y n t h e s i ~ . ~ ~ - ~ ~  
Exogenous glucosamine salts significantly 
enhance chondrocyte synthesis of gly- 
cosaminoglycans, collagen and DNA and 
ameliorate the clinical signs of DJD in 
humans.17,18.22-25 The physio-chemical 
properties of glucosamine account for a 
favorable pharmacokinetic profile includ- 
ing oral bio-availability and specific carti- 
lage tropism, as was shown in animals 
and humans using radio-labeled com- 
p o u n d ~ . ~ ~ , ~ ~  Excretion of glucosamine is 
primarily via urine and feces with 87% of 
orally administered glucosamine being 
absorbed.27 

Chondroitin sulfate is a long chain 
polymer of a repeating disaccharide unit: 
galactosamine sulfate and glucuronic 
acid. It is the predominant GAG found in 
articular cartilage and is a natural compo- 
nent of several other tissues (i.e., tendons, 
bone, vertebral discs, heart and cornea) 
found in the body.28 Differing from glu- 
rosamine, chondroitin sulfates stimulate 
glycosaminoglycan and proteoglycans 
synthesis by extracellular as well as intra- 
cellular mechanisms. Chondroitin sulfate, 
by virtue of long chain lengths, competi- 
tively inhibits degradative enzymes of 
proteoglycans in cartilage and synovial 
f l ~ i d . l ~ ~ ~ , ~ O ~ l  Bioavailability has been well 
documented with 70% absorption follow- 
ing oral administration in experimental 
animals and in  human^.^"^^ Chondroitin 
sulfate's affinity for synovial fluid and 
articular cartilage has also been demon- 
~trated.~~ 

A synergistic rather than an additive 
effect would be expected by combining 
glucosamine and chondroitin sulfate, 
since both agents are endogenous to 
chondroqtes. In addition chondroitin sul- 
fates possess extracellular properties not 
found with glucosamine. Both of these 
connective tissue compounds have been 
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FIG. 1 - Mean lameness grade of 25 horses during the 61Neek perfod of the study. 

Mean flexion test scores of 25 horses 
during the 6 week period of the study 

2 

FIG 2 - Mean flexion test scores of 25 h o r n  during the Week period ofthe study. 
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Mean stride length of 25 horses 
during the 6 week period of the study 
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FIG. 3 - Mean stride length of 25 horses during the m e e k  period of the study. 
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purified to homogenicity, and are available for use as oral or injectable 
agents. The compound evaluated in this study contains glucosamine 
hydrochloride, chondroitin sulfate, ascorbate and manganese. These 
agents have been reported to work synergistically in forming GAGS, 
inhibiting degradative enzymes, and stimulating cartilage metabolism 
and matrix prod~ction.~~,~~ Manganese is used as an essential cofactor 
in proteoglycans synthesis and is necessary for normal cartilage devel- 
~ p m e n t . ~ ~ , ~ ~  

Although this combination is being routinely used in the clinical 
management of DJD in small animals where safety and efficacy were 
recently confirmed, studies demonstrating the success of oral adminis- 
tration of these agents in equine patients are la~king.~"~~ The objective 
of this study was to evaluate the clinical effectiveness of a qlu- 
cosamine-chondroitin sulfate compound vet- 
erinary practice in horses with clinical evic 

under fit 
3ence of 

?Id condi 
DJD. 

tions of ; 

Materials and Methods 
Twenty-five horses with lameness confirmed to be due to degenera- 

tive joint disease by physical examination, diagnostic anesthesia and 
radiographs or fluoroscopy were included in the study. Horses were 
between 6 to 20 years old (mean, 12.3 +I- 4.3 years). There were 17 
geldings, 1 stallion, and 7 mares. Primary location of the lameness was 
the distal interphalangeal (n = 4), metacarpophalangeal joint (n = 12), 
carpus (n = 2), or tarsometatarsal joint (n = 7). Most of the horses were 
performance horses. None had received corticosteroids or NSAlDs for 3 
weeks prior to nor during the study. All were graded for lameness and 
flexion using the American Association of Equine Practitioner's clas- 
sifi~ation.~~ An average of 3 full stride lengths of the affected limb from 
toe-to-toe impression at a walk were measured (Table 1). Horses with 
at least a grade of 1 in lameness evaluation and a grade of 2 in flexion 
test were included in the study. The lameness grading evaluations 
were performed at the initial examination and 2, 4, and 6 weeks later. 

Horses weighing less than 545 kilograms were given 9 g of the glu- 
cosamine-chondroitin sulfate compound orally twice daily for 6 weeks. 
Those weighing more than 545 kg were given 12 g twice daily for 6 
weeks. Each 3-g measure included 1800 mg of glucosamine 
hydrochloride, 600 mg of purified chondroitin sulfate, 16 mg man- 
ganese, and 104 mg of ascorbate. There was no restriction of exercise 
or activity except when deemed necessary by the investigator. 

Repeated measurement analysis was implemented to assess the 
response of the lameness to the treatment. The procedure MIXED of 
the SAS computer package (Statistical Analysis System, Cary, NC) was 
used to conduct this analysis. The null hypothesis tested was that the 
baseline measurement and the following repeat examinations were the 
same. The effects of age, affected joint and use of the horse were test- 
ed. Differences were considered significant if the p value was equal to 
or less than 0.05. 

Results 
Means and standard deviations of various outcomes (lameness 

grade, flexion test grade and stride length) measured at baseline exam- 
ination and during the 6 week evaluation period, are shown in Table 1. 
There was an overall significant difference between the lameness 
grade at baseline and subsequent measurements (p < 0.0001) (Fig. 1). 
There was a rapid improvement during the first 2 weeks. lmprovement 
continued at a lower rate through the remainder of the study. The dif- 
ferences between measurements at baseline and 2 weeks, and at 2 
and 4 weeks were significant (p = 0.0001 and p = 0.04, respectively). 
However, the difference between measurements at 4 and 6 weeks (p = 
0.5) was not significant. 

There was an overall significant difference between the flexion score 
at baseline and subsequent measurements (p = 0.0001) (Fig. 2). There 
was rapid improvement during the first 2 weeks. lmprovement 
remained almost level through the remainder of the study. The differ- 
ence between flexion scores at baseline and 2 weeks was significant (p 
= 0.0001). However, the differences between scores at 2 and 4 weeks 
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(p = 0.2) and at 4 and 6 weeks (p = 0.5) 
were not significant. 

There was an overall significant differ- 
ence between the stride length at base- 
line and subsequent measurements (p < 
0.0001) (Fig. 3). There was a rapid 
improvement during the first 2 weeks, 
which remained almost level through the 
remainder of the study. The difference 
between stride length measurements at 
baseline and 2 weeks was significant (p = 
0.001). However, the differences between 
the measurements at 2 and 4 weeks (p = 
1 .O) and at 4 and 6 weeks (p = 0.1) were 
not significant. 

The age of horses was not a-significant 
factor in the improvement of lameness 
grade, flexion test, or stride length (p = 
0.2, p = 0.07, and p = 0.2, respectively). 
Most horses were able to return to exer- 
cise and competition after the initial two 
weeks of therapy. 

Discussion 
A significant improvement of the hors- 

es treated with the tested glucosamine- 
chondroitin sulfate compound in this 
study was observed irrespective of age, 
joint affected or use of the horse. All of 
the outcomes measured showed a trend 
of improvement of clear clinical impor- 
tance, which was statistically significant. It 
is important to note that in most cases 
the exercise and activity of the horses 
was increased, while some horses 
returned to competition after the second 
week of therapy. This increased activity 
and workload may explain leveling of the 
response after 2 weeks. 

The study lacked a placebo group. This 
limits the interpretation of the magnitude 
of the improvement of the horses. There 
was no blinding of the examiners to the 
treatment. Examiner bias could play a 
role in the assessment of the outcomes 
measured. However, the results for both 
the objective (stride length) and subjec- 
tive outcomes (lameness and flexion test) 
were consistent, tending to allay the con- 
cern about this potential bias. It is possi- 
ble that the owners who volunteered to 
participate were more health conscious 
and thus, would take better care of their 
horses and subject them to less than nor- 
mal physical effort during the treatment 
period. This would reflect a better treat- 
ment effect than would be found in other 
populations of horses with DJD. However, 
this bias was not found in this study since 
most of the horses returned to exercise 
and even to competition after the initial 2 
weeks of therapy. 

The findings of the current study are in 
concordance with previous reports about 
the efficacy of the studied agents in man- 
agement of DJD in horses and in small 

 animal^.^^^^' They are further in agree- 
ment with human randomized double- 
blinded controlled clinical trials that used 
preparations of glucosamine salts and 
have verified its efficacy in the manage- 
ment of osteoarthritis and lack of side 
 effect^.^^.^^ Electron microscopic examina- 
tion of cartilage samples revealed healthi- 
er and less degenerated cartilage in the 
treatment group versus the placebo 

Moreover, administration of 
chondroitin sulfates was associated with 
reduction of osteoarthritis symptoms 
together, being very well tolerated with- 
out local or systemic side effects, in many 
clinical studies and randomized double- 
blind controlled clinical  trial^.'^^^'-^^ A 
reduction in the use of concomitant 
NSAlDs and a favorable carryover effect 
after termination of the treatment has 
also been reported.62 

The findings are also in agreement 
with previous reports about the synergis- 
tic effects of the studied agents in form- 
ing  GAGS, inhibit ing degradative 
enzymes, and enhancing cartilage metab- 
olism and matrix p r o d u ~ t i o n . ~ ~ , ~ ~  
Glucosamine is probably the key com- 
pound necessary for cartilage matrix syn- 
thesis as it enhances chondrocyte synthe- 
sis of glycosaminoglycans, collagen and 
DNA.22-25.57 Glucosamine has been shown 
to possess anti-inflammatory activity, 
although mild, in different animal models 
without inhibit ing the synthesis of 
p r o ~ t a g l a n d i n . ~ ~ . ~ ~  Furthermore, it has 
been hypothesized to enhance synthesis 
of synovial fluid h y a l ~ r o n . ~ ~  On the other 
hand, chondroitin sulfates have exhibited 
the ability to enhance chondrocyte 
macromolecular synthesis in cultures.' 
The proposed mechanisms of chondroitin 
sulfate chondroprotection are: contribu- 
tion to the pool of GAGS in cartilaginous 
tissue; competitively inhibit degradative 
enzymes of proteoglycans in cartilage 
and synovial fluid hyaluronic acid; and 
prevention of fibrin, thrombi, and plaque 
formation in the synovium and /or sub- 
chondral blood  vessel^.^^.^^ 

It is important to note that most com- 
mercially available complex sugars are 
only for parenteral use. Certainly an oral 
dosage form that has clinically proven 
chondroprotective effects on arthritic car- 
tilage in horses would be highly desirable 
in the treatment of DJD. The therapeutic 
potential of the studied agents is 
extremely promising in horses. However, 
controlled clinical trials are needed to 
assess the magnitude of the improve- 
ment in horses with DJD. & 
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TABLE I 
Comparison of Lameness Score, Flexion Test Score, and Stride Length in 25 Horses with a 

Diagnosis of Degenerative Joint Disease Receiving a Glucosamine-Chondroitin Sulfate 
Compound During a 6-Week Period t- -ppppp -- - - - -- 
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