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ABSTRACT This investigation was undertaken to evaluatethe therapeutic
efficacyand safetyof glycosylatedundenaturedtlpe II collagen (UC-ID alone
or in combination with glucosamineHCI and chondroitin sulfatein arthritic
dogs.Twenty dogs divided into four groups (r - 5) were daily treated orally
for 120 days:group I, placebo;group II, 10 mg UC-II; group III, 2,000 mg
glucosamine* 1,500mg chondroitin; group IV, UC-II (10 mg) * glucosamine
(2,000mg) + chondroitin (1,500mg), followed by a 30-daywithdrawalperiod.
On a monthly basis,dogs were examinedfor overall pain, pain upon limb
manipulation,and exercise-associated
lameness.Serumsampleswere analyzed
for markersof liver function (ALT and bilirubin) and renal function (BUN
and creatinine).Body weightwasalsomeasuredat a monthly interval.Dogs in
group I exhibited no change in arthritic conditions. Dogs receiving UC-n
alone showed significant reductions in overall pain within 30 days (330/o)
and pain upon limb manipulation and exercise-associated
lamenessafter 50
days(660/oand 440/0,respectively)of treatment. Maximum reductions in pain
were noted after 120 days of treatment (overall pain reduction, 62o/o;pain
reductionupon limb manipulation,9lo/o;and reduction in exercise-associated
lameness,
780/o).The
overdl activityofthe dogsin the UC-II supplementedwith
glucosamineand chondroitin group (gto.rp [V) was significandy better than
the glucosamine* chondroitin-supplemented
gtroup(gtorlp III). Glucosamine
and chondroitin alleviated some pain, but in combination with UC-II
(gronp IV) provided significant reductions in overall pain (57o/o),pain upon
limb manipulation (530/o),
and exercise-associated
lameness(530/0).
Following
withdrawal of supplements,all dogs (groups II to IV) experienceda relapse
of pain. None of the dogs in any groups showed any adverse effects or
change in liver or kidney function markers or body weight. Data of this
placebo-controlled
studydemonstratethat daily treatmentof arthritic dogswith
UC-II alone or in combination with glucosamineand chondroitin markedly
alleviatesarthritic-associated
pain, and thesesupplementsarewell toleratedas
no sideeffectswerenoted.

INTRODUCTION
Arthritis is a chronic diseasethat commonly affects
large-breeddogsdue to overweighVobesity,lackof exercise,physicd injury, infectionofjoint surfaces,
immune
disorder,agrng,or geneticpredisposition.In particular,
overweightand obesityin dogscanindirecdyinfluence
the degenerativejoint diseaseprocessby increasing
joint stress(Richardsonet al. 1997).Dogs suffer most
often with osteoarthritisthan with rheumatoid arthritis
(Hielm-Bjorkmanet al. 2003).Arthritis is one of the
most prevalentchronic hedth problemsin the United
States,affecting nearly 43 million people (Helmick
et al. 1995).Although arthritis is often thought of as
a diseasethat predominandyaffectsthe elderly,it is the
number one causeof disabilityaffectingthoseover the
ageof 15. In fact, more than half of thoseaffectedby
arthritis are under the ageof 65, and almost 300,000
of those affected are children (Centers for Control
and Prevention [CDC] 1994; Helmick et al. 1995;
Trenthamet al. 2001).Eachyeat,arthritisis responsible
for 44 million outpatient visits and almost I million
hospitalizations,and is second only to heart disease
in terms of its effect on disability from work (CDC
1994).As might be imagined from thesestatistics,the
toll that arthritis takes on the health care industry is
substantial,costing the United Statesapproximately
55 billion dollarseachyear in health-relatedexpenses.
Unfortunately, the prevalence of arthritis does not
appearto be decreasing,and by the year2020the CDC
predictsthat almost 50 million Americanswill suffer
from someform of arthritis.
Osteoarthritisis an inflammatory joint diseasecharacterizedby degenerationof the cartilage,hypertrophy
of bone at the margins, and changesin the synovial
membrane, and that eventually results in pain and
stiffnessof joints (Goldring 2000; Peat et al. 2001;
Bellamy et al. 2001).Rheumatoidarthritis is a chronic
diseasecharacterizedby inflammation, pain, swelling,
and stiffiressof multiple joints (Trenthamet al. 1993;
Okada 2000; Aceves-Avilaet al. 2001).In either form
of arthritis, dogs usually limp and are unable to move
normally. Dog owners and veterinariansrarely notice
the early warning signs of arthritis in dogs, since the
dogshavethe tendencyto ignoresoreness
and discomfort until the arthritic signsareprogressedsignificantly.
Together,osteoarthritisand obesitycausea decreased
quality of life for pets since joint pain is strongly
associatedwifh body weight (Richardsonet al. 1997).
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The presenttherapy of arthritis in dogs relies upon
drugs that alleviate pain, control inflammation, and
preserveability to perform daily activity. Chronic use
(COD inhibitors (nonsteroidalantiof cyclooxygenase
inflammatory drugs [NSAIDs]) is linked to numerous
side effects,including gastrointestinal(GI) bleeding
and hepatic and renal dysfunction (Physician'sDesk
Reference[PDR] 1998; Muhlfeld and Floege2005).
Anti-inflammatory drugs, such as aspirin and ibuprofen, are nonspecificinhibitors of COX enzymesOoth
COX-I and COX-il), and they inhibit the production of
inflammatory prostaglandins,thereby providing therapeutic effect, but they also inhibit the production of
constitutive prostaglandins,causingsevereside effects,
such as severeGI bleeding (Matteson 2000). In the
recent past, two commonly used drugs approved by
the Food and Drug Administration (FDA) in arthritic
dogs included Rimadyl (caqprofen) and Deramam
(deracoxib).Both Rimadyl and Deramaro(are NSAIDs.
Rimadyl is not recommendedfor animds with known
bleedingdisordersand should not be usedif a dog has
pre-existingliver disease,inflammatory bowl disease,
or a known tendenry toward GI ulceration. Labrador
Retrievers and other breeds are representedin the
population that has experiencedside effectsor a fatal
outcomefrom Rimadyl. Derama:or(deracoxib),a COXII inhibitor similar to Celebrex(celecoxib)and Viom
(rofecoxib),prescribedaspain relieversfor people, was
withdrawn from the market in 2004, becauseof heart
attack and stroke risk. According to a recent clinical
study from the Mayo Clinic, other rheumatoid arthritic
drugs such as Humira (adalimumab) or Remicade
(infliximab) may causeseriousinfections or lead to the
developmentof severalkinds of cancer(Bongartzet d.
2006).Therefore, under the present circumstances,a
safetherapy is neededfor arthritic dogs.
In recent years, due to widespreadavailability of
nutraceuticals,glucosamine and chondroitin sulfate
were the two most commonly used supplements to
ease the pain and discomfort of arthritis in dogs.
Nutraceuticds are defined as functional foods, natural
products, or parts of food that provide medicinal,
therapeutic, or health benefits, including the prevention or treatment of disease.Glucosamineis an
amino-monosaccharideprecursor of the disaccharide
unit of glycosaminoglycan,which is the building block
of proteoglycans,the ground substanceof articular
cartilage(Paroli et al. l99l). Chondroitin sulfate is a
part of a large protein molecule (proteoglycan) that

givescartilageelasticity.Glucosamineis extractedfrom
crab, lobster, or shrimp shells, and chondroitin is
extractedfrom animal cartilage,such as tracheasand
shark cartilage.In a recent pilot study, we found for
the first time that daily administration of glycosylated
undenaturedtype II collagen(40mg ofUC-[ providing
10 mg/day) for 90 days significandyamelioratedthe
signs and symptoms of arthritis in dogs (DeParle
et al. 2005). UC-II is a glycoprotein from chicken
stemumcartilage.The presenceofglycosylated"active"
epitopesin the UC-II collagenmatrix wasconfirmed by
a validatedELISA method availablefrom Chrondex,
LLC (Arthrogen-ClA Capture "ELISA" test). Furthermore, electron microscopic analysis of UC-II was
conductedto demonstratethe conformationalintegrity
of the undenaturedtriple helical structureof a protein
(Bagchi et al. 2002). Based on this study and other
research(Bagchi et al. 2002),the presentinvestigation
wascarriedout to evaluatethe therapeuticefficacyand
safetyofthe antiarthriticcompoundUC-II (10 mg/day)
aloneor in a combinationwith the two mostcommonly
usednutraceuticalsupplements(glucosamineHCI and
chondroitin sulfate)in arthritic dogsgiven daily for 120
days, followed by r 30-daywithdrawal.Glucosamine
and chondroitin sulfatehave becomepopular supplementsfor arthritisand arewidely usedto easethe pain
and discomfort in arthritic dogs.Another objectiveof
this investigationwas to determine if the UC-II in
combination with glucosamineand chondroitin was
well toleratedby arthritic dogs.

MATERIALS
AND METHODS
Animals
A group of 20 adult client-owneddogswasselected
for this study based on the signs of arthritis, such
as joint stiffiress,lameness,and pain at the level of
moderateseverity.Thesedogshad swollenjoints, and
were experiencing difficulty in getting up or down
(from a sitting and standing position) and walking
(horizontal areasand short stairways).Arthritic dogs
having any other serious diseaseor complications
(such as hepatic or renal disease)were not included
in the study. The owner consentwas obtainedbefore
initiation of any experiments.The protocol of the
presentinvestigationfor using arthritic dogsand their
treatr4ent was in compliance with the Murray State
University Guidelines.
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Supplements
(native)tpe II
UC-II is a standardized,undenatured
collagencomplexcontaining 10 mg undenaturedtype
II collagenin capsuleform for useas a dietarysupplement and wasprovided by InterHealth Nutraceuticals
Inc., Benicia,CA, USA. UC-II is manufacturedin a
GMP facility at a low temperature,which preservesits
undenaturedform andbiologicalactivity.Glucosamine
HCI and chondroitin sulfate were also provided as
capsulesby InterHealthNutraceuticals.

Experimental
Twenty arthritic dogs were randomly divided into
four groups (n-5) and received daily treatment as
follows: goup I (placebo),group II (10 mg UC-il),
group III (2,000 mg glucosamineHCI + 1,500 mg
chondroitin sulfate),and group IV (10 mg UC-II *
2,000 mg glucosamineHCI + 1,500mg chondroitin
sulfate).The treatment was given daily for L20 days,
followed by a 30-daywithdrawalperiod. None of the
dogs receivedany NSAIDs for 3 to 4 weeksbefore
the study or during the study period. The study was
conducteddouble-blinded;that is, the investigatorsor
ownershad no knowledgeof the capsulecontents.

Painand BodyWeight Measurements
The dogswereevaluatedfor overallpain, pain upon
limb manipulation, and exercise-associated
lameness
on a monthly basisfor a period of 150 days.Overall
pain was measuredas a general gross observation,
which included trouble in standing after sitting, or
trouble in sitting after standing, vocalization, crying,
etc. Resultswere gradedon a scaleof 0 to l0: 0, no
pain; 5, moderatepain; and 10, severeand constant
pain. Pain upon limb manipulation was evaluatedby
animals' vocalization or other observations of pain
during the extensionand flexion of all four limbs for
few minutes. Resultswere graded on a scaleof 0 to
4: 0, no pain; 1, mild; 2, moderate;3, severe;and
4, severeand constant.Lamenesswas measuredafter
physicalexercise
forgrossobservations,
which included
limping, holding limb up, rigidity of limbs, etc. Signs
of pain and lamenesswerenoted on a scaleof 0 to 4:
0, no pain; 1, mild; 2, moderate;3, severe;4, severe
and constant.Severityof pain during variousactivities,
such as standing from sitting, sitting from standing,
playrng,and vocalization,and during extensionand
Arthritis treatment in dogs

flexion of limbs was the basis for gradation. Body
weights and physical evaluationwere determinedon a
monthly basis.Grossobservationswereevaluatedand
recordedmonthly using a questionnaireregardingthe
overall activity and the improvement of the arthritic
symptoms. Furtherrnore, overall performance of individual groupswas assessed,
which include running,
joggtng
participation in
activities,movement up and
down stairs,comfort ability in moving from sitting to
standing position(s), cheerful attitude toward playrng
and jumping, etc.

BiochemicalAssays
Blood sampleswere collectedby jugular venipuncture using Z}-gaugeneedlesand l2-ml syringes.Serum
was separatedin a marble-top tube (serum separating tubes without anticoagulant)and transferredinto
plastic snap-top tubes. Serum samples were frozen
immediately and kept at -80'C until analyzed for
blood urea nitrogen (BUN), creatinine,bilirubin, and
alanine aminotransferase(ALT), using BeckmanCoulter CXS-PRO Synchron Clinical System (Fullerton,
CA). Bilirubin and ALT were used as markersof liver
function and BUN and creatininewereusedasmarkers
of renal and heart function.

StatisticalAnalysis
The data of serum chemistry in Table I and of
pain observationin Figures I to 3 are presentedas
mean + SEM. Statisticalsignificanceof differenceswas
determinedby analysisof variance(ANOVA) coupled
with Tukey-Kramertestusingthe NCSS2000Statistical
Systemfor \(lindows. Differenceswith p <0.05 were
consideredstatisticallysignificant.

RESULTS
Data of pain evaluation in arthritic dogs receiving placebo and those receiving UC-II alone or in
combination with glucosamineand chondroitin are
shown in Figures I to 3. Dogp receiving placebo
(group I) exhibited no significant change in arthritic
conditions at any time during the courseof treatment.
Dogs receiving UC-II (10 mg/day) alone (group II)
showed significant reduction in overall pain within
30 days(330/0)
and pain upon limb manipulation and
exercise-assocjated
lamenessafter 50 days (550/oand
440/0,respectively)of treatment. Maximum reductions
M. DAltilioet al.

in the pain werenoted after 120daystreatment(overall
pain, 620/o;pain upon limb manipulation, 910/o;and
exercise-associated
lameness,780A. Glucosamineplus
chondroitin (group III) alleviated some pain but not
significantly(p >0.05). Group IV dogsreceivinga combination of UC-II and glucosamineplus chondroitin
showedmarked reductionsin overall pain (57V0),pain
upon limb manipulation (530/o),and exercise-associated
lameness(530/0)after a daily treatment of 120 days.
Following the withdrawd of supplements in either
of the groups (group II to IV) for 30 days, all dogs
experienceda relapseof overall pain, pain upon limb
manipulation, and exercise-related
lameness.In addition, UC-Il-treated dogs were more playful, energetic,
and lesspainful comparedto other groupsusedin this
study.
None of the dogr receiving dietary supplements
showedany signsof adverseeffects.There were no significant changesin any markersof liver function (ALT
and bilirubin) or renal or heart function (BUN and
creatinine)during the courseofthis investigation.Body
weight remainedwithin the normal range throughout
the courseof this study. An increasein body weight
wasobservedin the placebogroup, demonstratingthat
activity level in that gfoup was less than the other
supplementedgroup.

DrscussroN
This investigation was pursued with trvo specific
objectives: (a) whether the combination of UC-II
and glucosamineplus chondroitin provides better
antiarthritic effectsthan glucosamineplus chondroitin
or UC-II alone, and O) whether thesesupplementsare
well tolerated by arthritic dogs, following a long term
of their use.The presentfindings revealedthat UC-II
therapy (10 mg/day) alone or in combination with
glucosamineplus chondroitin for 120 days provided
significantimprovement in the overallpain, pain upon
limb manipulation, and pain after physical exertion.
The greatestphysical improvements were noted in
UC II supplementedgroup after a treatment period
of 120 days,suggestingthat prolonged treatment with
the supplementmay lead to better therapeuticresults.
After a 30-day withdrawal period, all dogs who had
receivedtreatmentsufferedfrom a relapseof signsand
symptomsassociatedwith arthritic conditions, such as
pain and lameness.
All supplementswerewell tolerated
and no adverseeffectswereobserved.
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TABLE 1 Ettects of UC-ll (10 mg) and/or glucosamine HCI (2,(D mg) plus chondroitin sulfate (1,6{X1mg)given daily for 120 days,
followed by a 30-day withdrawal period, on body weight (pounde) of dogs

Day

Placebo

0
30
60
90
120

59.76+
68.88+
69.U+
76.80+
79.s8+

11.49(100)
10.9s(99)
10.86(100)
(110)
10.20
12.6s(114)

Glucosamine
+
Chondroitin

Glucosamine
+ Chondroitin

uc-ll
62.25+ 6.29(100)
62.3s+ 6.38(100)
62.33+ 6.ss(100)
62.32+ 6.97(100)
62.83+ 6.71(101)

73.20+7.47(100)
72.80+ 7.88(100)
73.12+ 7.31(100)
72.96+7.39(100)
76.16+ 8.04(104)

s9.28+ 9.65(100)
s8.83* 8.90(99)
s7.s3+ 10.04(96)
s8.70+ 9.18(99)
s9.s3*8.74(100)

+ uc-ll

Vallesaremeans+ SEM(n:4-5).
Note:Bodyweightvaluesremainedsignificantly
indifferentthroughoutthe studyperiodcomparedto pretreated
values(p >0.05).

In a recent double-blind pilot study, UC-II (1 mg
or l0 mg/day, PO for 90 days) was found to be
significantly effective in ameliorating arthritic pain in
dogs (DeParleet al. 2005). A 10-mg dose of UC-II
provided markedly greater effects in all parameters
measuredfor the arthritic symptoms than I mg dose
in improving the overall performanceand well-being
of the dog. The findings of the presentstudy revealed
that the arthritic dogs receiving UC-II (10 mglda,
in combination with glucosamine and chondroitin
(group [V) overdl performed better than glucosamine
(2,000mg) plus chondroitin (1,500mg) (groupIII). The

most commonly usedtwo nutraceuticals(glucosamine
and chondroitin) provided somebeneficialantiarthritic
effects,but not significantly(p > 0.05),which suggested
that the observedtherapeuticeffectswere mainly due
to the supplementation of UC-II. The findings also
reveded that though the beneficial effects of UC-II
were observedwithin 30 days,maximum effectswere
seenafter 120 days.UC-II functions through a process
called oral tolerizaion (i.e., this processtakesplace in
the small intestine, where food is absorbed).Through
a complex seriesof immunologicd events,patchesof
lymphoid tissue(Peye/spatches)surroundingthe small

TABLE 2 Effects of UC-ll (10 mg) and/or glucosamine HCI (2,(XX)mg) plus chondroitin sutfate (l,dx, mg) given daily for 120 days,
followed by a 30day withdrawal period, on markers of liver and renal functions in serum of dogs

DAY

ALT
GroupI
Gro u pll
Gro u plll
GrouplV
BILIRUBIN
GroupI
Gro u pll
Gro u plll
GrouplV
BUN
GroupI
Gro upll
Gro u plll
GrouplV
CREATININE
GroupI
Gro u pll
Gro u plll
GrouplV

30

60

90

120

150

26.00+ 3.33
29.00*.2.57
21.75+6.97
22.80* 3.89

22.20+ 1.98
29.00+2.41
22.20+ 3.97
21.5+
02.20

22.00+ 1.97
30.20+ 4.08
21.00+ 4.05
23.78+ 4.82

23.75+.2.20
28.80+ 3.99
1 9 . 6 0+ 2 . 7 5
20.00+ 4.99

22.50+ 1.65
25.20+.2.78
21.60+ 2.80
1 8 . 2+
53 . 2 9

23.50+ 1.55
25.00* 2.19
27.20+ s.60
23.00+ 4.82

0.52+ 0.12
0.46+ 0.11
0.45+ 0.12
0.56+ 0.14

0.60+ 0.16
0 . 5 2+ 0 . 1 7
0.52+ 0.21
0.rA+ 0.05

0.68+ 0.08
0.50+ 0.08
0.40+ 0.07
0.48+ 0.03

0.18
0.13
0.14
0.19

0.56+ 0.09
0.70+ 0.17
o.42+ 0.07
0 . 5 0+ 0 . 1 1

0.52+ 0.13
0.42+ 0.13
0.s0+ 0.15
0.49+ 0.05

16.80
+ 1.24
17.80
+ 2.65
15.20
+ 1.83
r9.40+ 2.s8

1 8 . 0+
02 . 0 7
18.80+ 2.85
16.80
+ 2.10
24.00* 2.81

13.20
+ 1.65
18.40+ 0.51
19.20
*.2.40
1 5 . 7 r5 1 . 7 0

2 1 . 5 0+ 1 . 6 5
18.40+ 4.72
19.60+ 3.91
21.25* 2.29

19.00
x.3.4
18.80
+ 1.96
1 5 . 6+
02 . O 4
18.50
+ 3.52

1 7 . 5+
0 1.32
14.40+ 1.43
17.00
+ 1.87
16.00
+2.64

0.94+ 0.06
1.06+ 0.07
0.92+ 0.07
0.85+ 0.02

0.92+ 0.05
0.96+ 0.08
0.95* 0.05
1 . 1 2* . 0 . 2 5

0.90+ 0.03
0.98+ 0.04
1.00+ 0.05
0.80+ 0.07

0.87+ 0.05
0.94+ 0.10
0.92+ 0.07
0.90+ 0.07

0.92+ 0.05
0.95+ 0.07
0.90+ 0.04
0.87* 0.06

0.43+
0.50+
0.52+
0.75+

0.88+
0.90+
0.94+
0.95*

0.05
0.08
0.10
0.07

Valuesaremeani+SEM(n = 5).
Note. Valuesofmarkers of lir€r function (ALTand bilirubin)and |enal function (BUNand creatinine)remainedsignificantlyindifterentthloughout ihe
study period comparedto pretreatedvalues@ >0.05).
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intestine screenincoming compoundsand serveas a
"switch'to tum the body'simmune responseto foreign
substances
on or off, dependingon what the substance
is (Mowat 1987).In the caseof type II collagen,small
amounts of UC-[ (typically 10 mg or less/day,PO)
have been shown to turn off the immune response
targeted at type II collagen present in bone joint
cartilagewithout any side effects(Weiner et al. 1994;
Sieperet al. 1995;Gimsaet al. 1997).This processhelps
the body to differentiatebetweenelementsthat are
foreigninvadersto the body andthosethat arenutrients
(Weiner 1997;Trentham 1998).Previousstudieshave
demonstratedthat UC-II improvesjoint mobility and
flexibility by the mechanismofpreventingthe immune
system from attacking and damaging its own joint
cartilage(Mowat 1987; Sieperet al. 1996; Gimsa et
al. L997;Trentham 1998;Trenthamet al. 1993,1,994,
2001).
Unlike UC-II, glucosamineand chondroitin are
expectedto cause decreaseof pain sensationrprovide an improved resistanceto additional joint tissue
breakdown,and rejuvenatesomejoint tissues.Studies
suggestthat glucosaminehelps to relieve pain by
enhancingproteoglycansynthesis,which is impaired
in ost€oarthritic cartilage(Hougee et al. 2006).Chon7

droitin sulfate aids in keeping cartilagetissue from
dehydratingand assists
in cushioningimpact stressand
reduce joint pain. Earlier studies demonstratedthat
combining chondroitin sulfatewith glucosaminemay
improve arthritic symptomsand may havesomebeneficial effects.However,thesesupplementsarenot known
to reversestructuralchangesin a joint such as torn
cartilage,calcium deposits,and advancedscar tissue.
In spite of thesebeneficialeffectsof glucosamineand
chondroitin describedelsewhere,in the presentstudy
we did not find significant antiarthritic effectsin dogs
usingthe abovecombination.A recentmulticenterwith
1,583patientswith symptomaticosteoarthritisin the
knee received1,500mg of glucosamineand 1,200mg
of chondroitin sulfate daily. They reported that the
combinationor supplementsalonedid not reducepain
effectivelyin the overall treatment groups(Clegg et al.
2006).
Another benefit of the present study resulted in
healthy weight maintenancein supplementedgroups,
comparedto control. Body weight was maintainedin
all supplementedgroups,while therewasan increasein
body weight in the placebogroup. This demonstrated
that the dogsweremore active and arthritic symptoms
wereremarkablyreducedin the supplementedgroup.
Arthritis treatment in dogs

Weight control hasbeenshownto indirecdy influence
joint diseaseprocessby reducingthe
the degenerative
stresson the joint (Eaton 2004).A small amount of
weight loss reducesthe risk of developingarthritis in
dogsand human.
In conclusion,the presentstudy suggests
that daily
treatment of arthritic dogs with UC-II alone or in
combination with glucosamineplus chondroitin ameliorates signs and symptoms of arthritis significantly
greaterthan glucosamineand chondroitin. The results
of this study also demonstratethat the supplements
are well tolerated.The relapseseenin dogs 30 days
posttreatmentshowed that continuous treatment is
required.
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