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Supplaments of glmsamnm h lcxide, low
molecalar weight chun&nmtm sulfate, and man-

aanese ascorbate were tested separately and in
combination for their: ah:]nty o progres-
sion of cartilage deumerahan in a rabbit instabid-

ity model of ostecarthrosis. Computerized quac-
titative hisiclogic evalmﬁnn of saframin O stained
sections of the medjal femoral mﬂyimmemred
the grade and extent df tissue involyement of le-

sions. Seﬁrelmmmﬂo{ankmgrade yter thiam
7)-wexe absent in all anjmals supp ented with a
dleftarynnmrreﬂfgmummme, ndroitin sui-
fate; and manganese ascorbate. T Yinear in-
volvement (mm of lefioned s £} and total

grade (mean grade X number of Iesmns per ani-

mal) were redizced sighificantly in amimals given
the combimaticn mmﬁared wiih (59%
and 74% respectively). Animals pplemm‘;teﬂ
with glumsnnnut, chondroitin sulfite, or man-
. ganese ascorbate alonelhad less moderste and se-

vere tissue involvement than mntm*s but mot to '
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the extent of the combined group. In vitro, a com-
bimation of glncosamine Iydrochloride and chon-
droifin sulfate acted synergistically in stisnulat-
ing gycosaminoghcm synibess (96.6%). Chon-
ﬂrmunsdfateandmanganeseamhatehntmt
ghieosamine were effective i inhibiffng degrada-
tive enzyme activity. These data saggest that the
disease modifying effect (the ability o retard pro-

. gression of cartilage degeneration) of a mictnre of

shtcosamine, chondreitin sulfate, and manganese
ascorbate is more efficacicus than either asent
alone. ' '

Osteoarthrosis is characterized as a progres-
sive age-related degeneration of articular car-

tilage in diarthroidal joints.?+2528 Therapy for

medical management of osteoasthrosis has
been hargely palliative focusing on alleviation
of symptoms. A pew class of therapéutic agents
focusing on slowing the degenerative process
and promotion of cartifape matrix synthesis
has received considerabic publicity. Ornginally
termed chondioprotective, these agents now are
refenmed to as disease or structure-modifying,
referring to effects thar counter the destrctive
processes and encourage normalization of the
cartilage matrix. The most notable examples
are Arteparon® (Luitpold-Werk, Munich, Ger-
many), a mixture of sulfated glycosaminogly-
cans prepared from bovine tracheu and hing!¥;
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Rumalon® fﬂﬁbaph%arrn, Basel, Siwitzerland), a
mixture of glycosaminoglycan- ide com-

plexes prepared frofh povine cartitage and bone -

Di Junction, A ia), a pentosen polysutfa-
2 Chondrosulf® (BSA, Instjtut Biochim-
ique SA, Lugano, Ywitzerland) 4 low molecy-
lar weight chandroﬁﬁﬁn- sulfate; G;csamin@ DS
(Nutrasuax Laboratbries Inc, Edgewood, MD),
a mixture of low mplecitar weight chondroitin

sulfats, glucosanine hydrochloride, and man- .

ganese ascorbate?;and Hylagai)(ﬁdia Phat-
maceutical Corp, Washingtor, DL, a high mo-
lecular weight hyaluronic acid preparation.
Admimistration of these agents vati i

supplamentéﬁm Studies on the 1
are inconclusive bit generally {nclide ore of
more of the following: enhancentent of cartilage
matrix synthesis, énhanced syrthesis of hya-

Juronzan by syRoviocyies, iﬂhibiﬂm; of enzynies.

that degrade cartilage, and redrimﬁnn of jont
pain and synovitis 316201 I

Complex sugars inclnding ¢ oncroitin sul-
fate apd amino sugars sich glucosamine
have been shown to have abiclogiceffect on ar-
ticular cartilage There is substimtial literature
on their symptomiatic efficacy in. clinical tei-
alg® 1021314143 apd ip animal models %1642
These structure modifying agents also are con-
sidered to be sympjomatic slow acting drugs for
the treatment of csweoarthritis. Glucosamine 15
an amino monosaccharide nutrient and precur-
sor of the disaccharide nnit ﬂi:‘glymsamimgly—
. ean which is the building block of the proteo-
glycan component of the cartilage matrix.

Glucosamine has;been proposed in the Con-.

gress of Rheumatplogy as 2 slpw acting agent
in osteoarthuitis based on its p fogic and
ciinieal profile.36 its mechanisip of action may
involve inhibitionof protease activity and stin-
ulagion of glycoaiminuglycan]synthesis} The
physiochemical properties of glucosamine ac-
count for its favorable pharrhacokinetic oral
bioavailability and cartilage tropism.>T How-
ever, there is Himited in vivo dit)cumentatiun of
its disease modification effecs.! Chondroitin
sulfate is a long-chain polymer of repeating di-

with up to 70% ahsorption after oral adminis- :

* 4inal models. For example, Ucbelhast ct al*® ex- bt

icst Octhopaedics 1%
and Related Research =3

sdccharide units containing galactosamive sul- - i
fate and slucurcnic acid and constitutes the ma- -+
jority of glycosaminoglycans in arficolar carti- %
lage.2’ It§ bioavailability is well documented

{rofion in amimals and in bumens.?* Published -

gata indicaté that chondroitin sulfate has vari- -+
able effects including coniributing to a pooiof - '}
substrate available for cartilage matrix deposi- -4
tion, inkibition of proteases, stimulafion of gly-
cosaminoglycan (GAG) and collagen synthe- ., =%
g 4243 T =

The efficacy of these agents in protecting ar- .
ticular cartilage has been examined in mapy 46- . I

amined oral and imtramuseular delivered agents '
in a chymopapain induced acute model of o8-
teoarthritis in the rabbit. Oral delivery of a3
mixture of low molecular weight chondroitin e
< ulfate sesulted in retardation of cartilage de-.. 4
generation monitored by assay of serum levels :7A,
of keratan sulfate and carilage proteoghycan
content, Hanson et all6 treated equine o5 iE3 -
teonsthritis with a combination of glucosamine n
and Jow miolecular weight chondroitin sulfate
with substantial impeovemment in climical symp-
toms, and Canapp et alf xeperted the same com-
bination had a significant antiinfasrmnatory ef-:
fect against chemically-induced inflammatory. 35
synovitis in canines. Clinicat wrials in humans e
are musperous, more so in Europe than the 5t
United States, The remarkable acceptance of 2=
these agents and recent positive clizical iials it ©f
the United States attest to their efficacy in treat-:
ment of ostecarthrosis. Recent reviews sugpest =
that they potentiatly may becorne a basic drug .
for osteoarthritis therapy.!!®# However, be- s
cause these compounds are dietary supple-~ -
ments, pacity is dependent on the manufactiel
and vades greatly.!! Independent analysis of
the préparations used in this stady verified the'l-
concentration and purity of each ager. "
In contrast to the profiferation and success of .
clinical trials using one or anotherof the Struc-
ture modifying agents, little is known of any 10-...

‘teraction between them. Glucosamine salt and ;

chondroitin sulfate are considered to have over-
lapping functions in the management of dam- .
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aoed articular cartiage.513:18 Addiiunnall}r,
_-mbination of chong
~-sasnine has been used by veteriharians' for
-..;,.m; with efficacious results.5!® To examine
the possibility of sucu an interaction, the cor-

cent anthors explored whether combining two

oF more agents would be synerglsn in protect- .

ng articular carulagtm vivo in an tahhshad
ammal model of ostebarthrosis. Similarly, in
- yitro studies examined the intesaction by mo-
-m-m,g synﬂactlc and degmdaﬂve F 5C8 Ik
=ltured cl‘mndrucytes ;
MATERIAI..S AND mnnsi

Suzgical instability was created in 42 riew Zealand
White rabbits weighing 2-3 kg using 4 modifica-

tions of the techmique of Hulth etal.1? Mmah wers
sedated with ketamine _t(Sl}mgfng and xylazine
(10mg/kg) and placed under inhalation anesthésia
2% isoflurane in 2 L. o#ygen}. The 1i
+15 shaved and the skin prepared using Betadine
(Purdue Frederick Co, N@rwalk, CT) surgical soku-
fion and 70% alcohol. Anmmsmn centered over the
- joiaf line was made in th¢ right knee with bleeding

controlled by cantery. Dissection was taken down- _
e flexion

to the anteromedial joint cdpsule with i
and extension helpmg td ideatify landmarks. The
~ joint capsale was incised obliquely between the
patellar tendon and medial collateral ligarment and
¢ire was taken not to &mge the tibial ?nm’tmn of

the lateral meniscus. An anlermr d:awe.; confirmed -

translation and better ﬂxpused the pbsl:E:rmr cruci-
ate ligament. With valgus and ant drawer
forces on the Aexed knee, ‘the anterior a.gd posterior
cruciate ligaments were *(1suahzed and|transected.
Removing the medial meniscus completed the pro-
cedure. After urigation,| the ::apsuleerj:'s closed
with 3-0. vieryl absoﬁhahle suture] (Ethicon,
Qm'rms:rwilae: NI} in an interrupted figtle of eight
£ :shion. The skin was elosed with -0 polysorb ab-
sorbable swure in a suhcuncular fashion with a
buried knot The wound xm covered with nitrofu-
razone soluble dressing as no bandage tas applied.
Postaper:tively, each mabbit was given procaine
pf.:nm'ﬂ!m G {30,000 Y pér day, intramuscular) for
3 days and buprenmphgnﬂ hydrm:hlqr:de (062

mg/ke suboutansous, tw’me daity) for 3jdays. Two

wecks postoperatively, the rabbits were allowed
exercise in ¢ 6 X 4-foot pen for | hﬂur per day 3
Cuys a week. i i

' !

itin suifa!.'p and glo-

t hindleg

Dietary Regimen _

Thres days after surgery, Groups I and 2, consistng

of 12 animals each, were fed the following diets:

Group | (control) Harlsn-Teklad (Madison, WD)

standard mbbit chow; Group 2: a similar diet sup-

plemented with 2% by weight Cosamin®DS {com-

bined group). The composizion of Cosarein®DS was

S00F mg glucosamine hydrochloride (FCHG45®),

400 me low molecular weight sedingm chondroitin

sulfate (TRH122%), and 76 mg manganese ascor-

bale per gram. Three additional groups of six ani-

mals each were fed the conirol diet, which contained

either ghteosamine hydsochloride, chondroitin sul-

fate, or manganese ascarbate ai a dose equal to that
given in Group 2. Food intake and weight gain was

monitored weekly for 16 weeks. Cosamin®D5S is a
patented oral natritional supplement. Chondroitin®

“gulfate is purified from bovine trachea, and gln-

cozamine is derved from the chittn of crustacsan
shells.

Analytical Methods

Preoperative blood saroples were taken frome the
méarginal ear vein and samples were obtained by in-
tracardiac puncture afier emthanasia. Scxam samples
were frozen for later analysis of glycossanimoglycans
using dimethylmethylene blue,® hexosamines.$ and
to test for the presence of circulating factors which

- may modulate cartilage metabolism. To assay serum

for caniflage activity, noemal rabbit cartilage explant
and cell cultres were exposed to a 1:1 mixture of
test serwm and an equal mixture of Pulbecco’s mini-
roum Eagles medivm and F-12 containing 5 pCifmL
35-sulfate for 4 honrs, Liguid scintillation counting
monitored isotope uptake after extensive washing of
unincorporated isotope and the data were expressed
as counts per minute per well or per milligram dry
tissue weizht. For assay of degradative activity, 35-
sulfate prefabeled rabbit sepments were similarly
culeired ina 1:1 mixtire of experimental serum and
media and isotope release was monitored: after 18
'The effect of the dietary supplements on normal -
rabbit articelar cartilage was examnined by remov-
ing humeral cattilages from each animad at sucrifice
and cultrring ex vive in equal amouents of Dul-
becco’s minimum Eagles mediune and F-12 for 4
hours in the presence of [0 pCi/mL 35-sulfite. The
tissues were chased with cold 1 mmeolfL, sodium
sulfate for 24 hours amd fixed for 48 hours in [0%
phosphate buffered formalime. After dehydration in
alcohal, lyophifization and weighing, each of live
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samples per animal was dissolved in!formic acid
2ad radioisotope incorpdration monitored by tquid
scintillation counting. Radiolabeted uptake was ex-
pressed as counts per mihute per milligram dry tis-
sbe weight. Lo :
Histologic and Histochemical Anhlysis

. Multiple organs were resected for slzﬂlﬁard_patho_—
logic examination. A pdrtion of diapliyses] bong
from each femnr was dridd, exiracted ith acetone,
weighed, and subsequently ashed at 700° C for 4
hoors to determine bone mmineral density. The dis-
tal fernurs of all animals were removed fnd a 2 ta 3
mm thick sagittal section was taken through the
center weightbearing portion of the lial condyle
with 2 diamond saw. Analysis of the progression of
cartilage lesions was quasititated using a modifica-
tion of the method of Mankin et al25 stafning
5 t0 8 . sections with safranin 0, fast reen, and
iron hematoxylia. This widely nsed fnethod of
defining lesion severity focuses on quantitati ve
evaluation of focal degeherative changes. The sys-

. lemiotals the assigned scores from each bf four o -

tenia including structure {0=6), cells (0-3), safranin
0 staining (0-4), and tidemark integdiy (0-1).
Measuring the linear extent of each Jesio provided
a better index of degeneration becatise many
condyles had extensive lésions with virying de.
grees of severity. This washccomplished using Im-
age FPro software  (Media Cyhﬂmcti#s, Sitver
Spring, MD) and a SprintScan 35 Pips SJide sCan-
" net (Polaroid Inc, Cambridge, MA) (Fig ). The re-
sulls are presented as the numezical val within

the following grades of lesion severity: mild (1-3); -

moderate {(4-7); and severe (> 7). Evaluation was
done in blind fashion by two of the mvestigatars.

In Vitro Proteoglycan Synthesis |

- Chondrocytes isolated frum the metacarpopha.

langeal joints of adult dairy cows were isolated with

L

collagenase digestion.™® Cells were plated into 96.
well polylysine-coated plates at a density of 105
cells per well. Plated cells were allowed to reach a

metabolic steady state by maintenance in colture for
3 days in daily changes of 250 WL Dulbecdo’s min-
imum Eagles and F-12 mediim comaining 10% fe-
tal calf serurn, 50 ug/mL vitamin C sulfate; and an-
tibiotics. Two hours before adding the experimental
agents, the media was changed to plain Dulbecco’s
minimum Eagles and F-12 medium to diminish the
metabolic effects of fetal calf serum. Twe ty-foey
. i . -
replicates of each asent and combinatign were

tested by adding each in a total volume of 250 pL.
of Duibeceo’s minimum Eagles and F-12 medinm
containing antibiotics, vitamin C sulfate, and §
pCifmL 35-sutfate, The concentrations tested in

ﬁunwmd:termhmdbyprelﬂnhmr_\rsmdim.'me .
final range tested bracketed the dose calculated by .

determinating the distribution of the recommended
human daily dose of the combination drugs (1500

mg glucosamine hydrochioride, 1200 mg chon-

droitin sulfate, and 228 mg manganese ascorbate)
into total body water of a 70 kg individual. The -
nal concentrations tested in vitro were 150 pg/ml
glucosamive, 140 p&/mL chondroitin sulfate angd
200 ng/mil. mangamese ascorbate. After 4 hours ex-

posuze the cullures were washed: thoroughly with

plain Dulbecco™s minimuen Eagles medivmn and isa.-

tope uptake inio the cell layer assayed with a Wal- -

lac MicroBeta TriLux liquid scintillition counter

(Wallac Ine, Gatthersburg, MI). The data were ex-
‘pressed as counts per minute per well and statistical -
significance: determined by the Student’s t testand .,

analysis of varizance (AN OVA).

1In Vitro Proteogiycan Degfadaﬁuh

Glycosaminoglyean degradation was monitored by

the release of 35-sulfate from prelabeled chondro-
cyte cell Tayers and assay of interlenkin-] @i

duced collagénase activity using a Br M

FroMMP-1 enzyme immuBoassay kit (The Binding -

Site Ltd, Birmingha, Englund). In the first ap.

proach; bovine cells were plated into 96-well plates

as described above. After an 18-hopr SXposweE o 5
nC¥mL 35-sulfate and 7 hours washout, the ex-

perimenta)l agents at doses given above were added, '.
and release of isotope as a percentage of total in- -~

corporated isotope was determined afier 18 hours
exposure. Interlewkin-1 induced collagenase activ-

ity was-measured on aliquots of medium taken. .-
 from 24-well culture plates seeded with 4 X100
cells and cultured for 24 hours in the preseace of 40 -
ag/mL IL-1 using equivalent doses of each chon-

droprotective agent.
Statistical Methods

The mean: and standard deviation and standard er- - =
ror of the mean were calculated for each sample Sy
group. Fisher’s F test was used 1o tast homogeneity .

of the variances of alt sroups. Means were com- L5
pared ‘using ANOVA and Stadent’s 1 gest Bsing ©. 7

muitiple group comparisons, Histologic data were
evaluated using the Mann-Whitney rank sum test. .

The histologic dat were analyzed for three vari-

Giinicat Orthopaedics




Fig 1. Photomicrograph docu-
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aenting mefhod of measure- '
sent. Site 1 graded @as mid d .
(Mankin scora 1-3); site 2 graded - -
Mankin score 4-7); o
cites 3 and 4 graded ab severe
{Markin scove = 7). Theextent of
each lesion was taken Iy mear

suring the length in miliiineters at each defined site and automatic caiibration of the carnputer scans with

a slide ricrometer. !

+bles: numbes of lesions grade of each lesion, and
lincar involvement of lésions. For data tWo
new variables wers creatéd, total linear mvolvement
and toral prade. These variables were culated to
sumn all fesions in the same rabbit and ta incorporate
the number of lesions and the prospective variable.
For example, the total grade was calcolied by mal-

tiplying the mean grade and the number of lesions

for every tabbit. Far total grade and total linear in-
volvement, group comglarisons were fnade using
3cheffe’s moltiple comparison test3- The propor-
tiom of animals in each group with onejor more se-

_vemlesinnswasmesse@uSEgachi nared test.

RESULTS ": 5

The rate of weight gain during the 16-week pe-
riod was sirnilar bctwe?n groupS and among an-
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Fig 2. Distribution pnf:-ﬁle of cartitage’ lesions
measured as mikmetels surface invelvemnent

i

irmals within each group. The average weight of -
all anirals at 16 wecks ranged from 4.0 to 4.5

) kg.Anmlalswﬁeingcstipgmaﬁemgeofl}jﬂg

food pex day during the 16-week interval, AL 16

- weelks this provided Group 2 with 375 mg ghr-

cosamine hydrochloride, 300 mg sodivm choa-
droitin sulfate, and 57 mg manganese ascorbate
per day per kilogram. Groups 3, 4, and 5 ob-

Fig 3A-B. Representative photomicrographs of
safranin O stained histologic sections of (A) the
nonsupplemented controi articukar cartilage from
an unstable joint and (B) the contralateral normal
joint from the same group.
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TABLE 1. Hlﬁtuloglc Analysis anlal Grade and M‘Ihmeters of Linear Involvement

Group ; (N) ! TotaiGrade Value Total Linear Invéivement - Value
;‘;ﬂrd - (11} 1G22 _— 12313 —
Chondroitin suifate (6} 110222 NS 7212 NS
Glucosamine i (6) 122£30 NS 8610 NS
Manganese ascﬂrbate (B) az~x14 NS _ Bax1B N3
Combined groug '; {11) . 4.4+ 1.0 005" ) 51«12 005"

Valnes represent the mean: standard efrarg NS = not significant; *p << 0.05 by Schelis st >

The analysis corapared the four stady groups
with the control groiip and the refulis are pre-
sented in Table 2. Animals supplemented with

" either glacosamine or chondroitin sulfate alone
had the same inciderice of severe Jesions as the
unsupplemented Group 1 (67%183%). Man-
ganese ascorbate supplementauo 1 feduced this
further (Dot s:gmﬁcantljr differenty whereas the
combination group ha:i no SENEl'ﬂ lesions. Ex
E

i.
i
TABLE 2. Hlstaiogm AnaIySis:

Proportions of Animals Havmg -
. Severe Lesions ; :

T soverd

Group i Lesiomi*s - Value
Conirol L omEsE) —
Chondroiin sulfate 46 (67 %} 0.80
Glucosamine 5 Af6 {67%) 0.80
Manganese ascorbaie | 216 {35% - 030
Gumbmed gmup ; 0f11 ¢ 0.002
Values given as pementages. F value caleu based on 2

mlwmtastconmﬂnngeachgmupwﬂh

vivo incorporation of radiolabeled sulfate by
the noninvolved bumera! cartilage revealed no
significamt difference in cartilage proteoglycan

. synthesis between supplemented groups and

controls {Table 3). Analysis of serum hex-
osamines ranged from 1.112 to 1.322 mg/ml
and plycosaminoglycans detected by dimethyl-
methylene blue was 18.4-19.2 pg/mi.. There
were no significant differences between sup-
plemented groups and controls or between sam-
ples taken at O time and after 16 weeks. Gly-
cosaminoglycan synthetic activity of normal
rabbit cartitage exposed to a 1:1 solution of 16
week serurn sarnples zamd Dulbecco’s ninimum
Eagles medimn also revealed no significant dif-
ference between supplementad groups and con-
trol (Table 4).

‘In Vitro Studies

Four outliers were revealed in the analysis of 35-
sulfate vptake mto the cell layer fraction of cul-
tured bavire chondrocytes exposed to combina-
tions of each agent. With these four values
removed, the dara appear (o be normally distrib-

TABLE'3. Ex Vivg 35-Sulfate Incorporation into Humeral
Articular Cartilagel Of Rabbits Fed Dietary Supplements

Graup {riumher of Apimals) Mean* % Change Value
Contral {11) 2284 (720} — —
Glucosamine I (6 1724(405) = —25% NS
Chondroitin sulfate | (6) 21322 (360) 7% NS
Manganase ascorbate | (6) 2265 (678) —1% .. NS
- Combined group (i} 1890 (527} -17% NS

. Dataeq:ressedasmean ("gtzndard devialion) counds per minute per mg dry fissue weighl; Signit-
mmthfternﬂnadbymamlj—hﬂihﬂmﬂ

i
r
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TABLE 4, . Efiect of 16-Week gxperimental Rabbit Serum on Normal Bovine
Cartilage _Syrrtiw_si§ and Degraltglatiun

i

. Synthesis - Synthesis . Degradaton* |
Group . Explants Cel Culture . Explants ]
' Gortral, '  daee (727) . 508(37) 520(20)
Glucosaming : 4163 {656) : 450 (77) 3.24 {0.6) 3
Chondraitin sulfate 8426 {678) - 8883 £.56 (2.4)
Manganesa ascorbate | 2106 (418) 460 {42} © 792(1.3)
Combired group P “#224 (940) ) 541 (96) 6.14(1.8)

Vahﬂremesent'mn[.tsiandardﬂe-ﬁa’ﬁmlmmmwrmmmﬂthanﬂdwﬁﬁﬂu&\fm:mEmnasmt_;-mw -
mmas—a:ﬂfatmﬂeaﬁda?a%ofuﬁal paﬁu@;ﬁ@ﬂﬁmd&ﬂmﬁeﬂﬁhﬂnn—tﬂmm;msmtﬂgm P
different from conrel. S ._

1

ated and the variances wee Mo comparable:  glucosamine and chondroitin sulfaie, +94%) .7
among groups. Analysis by ANOYA gave sig-  andadefipitive pvalueless than 0,003 inthe test -
nificant diffesences (Eable 5) in allgronps com- of synergy between glncosamine and chon- i

with the control (glucosargine, +33%;  droitin sulfate. Synergy is defined as a signifi- " 53
chondroitin sulfate, 1%33%; a combination of comt difference between the additive effect of ;7.

b esich component and the values obtained with
) - the combination. The most striking resulis were . 7™
YABLE 5. - Synergistic Effect of obtained with the lughff:r doses but a dose re- \ :_
Chendroprotective Agents on In Vivo sponse was obtained with all three agents down . -4~
incorporation of 35-Sulfate Info s to levels of 5 pg/ml (data not showr). v
Glycosaminoglycans : Data on the release of radioactivity from

35-sulfate prelabeled cell cultures a$ an index’

Group(n=24) | Mean* | %Change  of jecradative activity are presented in Table ;o3
Control | 1206 (141} — 6. The values were calculated as the percent .73
Ghicosamine | 1629 (273) | +32% change from controf cultures and show sig- -
g‘:mdrmﬁj‘- WEE’EB gﬁ gg% : :ﬁ% nificant inhibition of release in the presence of
pCosamine ; - = - .-
Chondroitin sulfats a mixture of glucosamine, chondrolttn sulfate,

and manganese ascorbate (25% less than con-

Datn presented as E:jan{' slandaﬂermg of Counts per ng‘r:te tral; p < 0.001). Exposore of cells to -each
108 Ceds; P 2 = 0L.003 in test for v defined as - . w oy oag egm
gigmﬁm?lﬁﬂrem betwien the addiive e Hggfeam eom- agent alone resulfed in significant Inhibiiion

ponent and the vatue for the combination. with chondroitin sulfate (21%; p << 0.003) but

!
1
i
: ;
! i

TABLE 6. Effect of Ghnndm‘pmtecﬁve Agents on Chondrocyte Cultures Assay of
35-Sulfate Released From Prelabeled Celis and IL-1 Induced Coliagenase Activity

: o %35—5uifaie ng - :
Group -~ | .Aeleased % Change Value .Collagenase % Change Value
Control Sl 781{04) — — 36 - — —
Chondroitin sulfate © 6.14{0.6) | 1% 0.003 20 —45% 0.001
Glucosarming . 7.08(1.08] -10% NS 36 - . 0% NS
Manganese ascorbate ' 7.71(1.4) —1% NS 1.8 ~50% 0.00% |
Combined group . 582 {G.QTi —25% 0.001 . 24 . =34% oo -

Values given as mean (* sftmm?ljddeﬁaiicr?:ﬁgﬁcm:e detemmned by Mann-Whitney =5t

!
i
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nat with glumsammearmanganes ascorbate.
The greater mhibltmlﬂuf 1elease WiS SCEn 0s-
ing the combination of agents. Sinjilarly, an-
tiprotease effects monitored by di
[L-I-induced mllagenase activity revealed
significant ighibition with chondroitin suifate
{34%—50%;p <0 {}{}1) mngan&cér ascorbate
(30%; p << 0.001) and a combinafion of all
three agents (34%; p ;< 0.001) bat not veith
glucosamine atone (T z?b_le €.

DIS CU SSI{}N
Combinations of low mnlecular weight chon-

. droitin sulfate and ghicosanine HClwere more

efficacious than either agent alone ih retarding
progression of articuldr cartilage lesions in a
rabbit instability moda] of osteoarthuitis. It was
the authors® observatién that quanufymg the
degree of cartilage degenerdtion based ona sys-
rem designed for focal lesions did nof lend itself
ens had
lengthy lesions with ‘marked gra&atmns of

L

severity. The authors” modification; takes this .

into consideration by-fneasuring the millime-
ters of lipear involvelent of each giade of
severity. This providedifor 2 foore actarate pic-
ture of the extent and progression of Fhe degen-
srative process. The Polaroid slide scanner per-
mitted captures of the entire tisshe section

image which made it epsy to directly measure

the Hnear invalvement of tissue dgstruction.
Similar techniques were adapted by Shimizu et
al*® using a gray scaling method for] quantitat-
ing glycosaminoglycans in histologi¢ sections.

In the method of Hiilth et al'? for inducing

experimental osteoarthritis in the fabbit, an -

anstable joint leads toicartilage deéenmhﬂn
with the fivst evidence appeasing approxi-
mately 2 weeks after surgery. The develop-

. ‘ment of osteophytes typical of osteuar&mhs

was a prominent feature in the current study
and has been described previous ly in this
model.’ No doubt the; exercise regimen that
was used facilitated mtat)phyte development
a5 a resuli of funcnnﬂal demand ui
ttons of altered joint mechamr:s 40 The dietary
=LLpplements used did Imt appear tﬂ:lnhlblt ar

assay of

r condi- -

Metabokc Synemgy in Chondroprotertien 237

stimulate osteophyte formation. €nlike glico-
corticoids, structure-modifying diugs for os-
tecarthiitis previonsly have been foumd to
have no effect on osteophyte formation.*?
Glucosamine and chondroitin sulfate are
considered to have overdapping fanctions in
the management of damaged articnlar carti-
lage. Synergy between these two structure-
modifying agents has been posiulated previ-
ously in the context of clincal studies with
chondroitin sulfate having antiinflammatory
activity and glucosamine imfluencing cellvlar
metabolism, 363133 The current study is the first
showing that glucosamime and chondroitin
sulfate synergistically act to stimmlate gly-
cosaminoglycan synthesis i chondrocytes. It
15 apparent that this phépomenon iy adftion to
the antiprotease action of chondrogtin sulfate
provides greater efficacy in retardation of the

degenemative process. Although glucosamine

stimulated glycosaminoglycan synthesis, it had
hittle effect on inhibition of aggrecanase (fabeled

sulfate release) or collagenase. Chondroitin sul-
fate, however stimnlated glycosarmmoglycan
synthesis and showed significant antmrotease

activity against both enzymes. Manganese and

ascorbate also are known to be active agents on
cartilaginons tissue®24% but generally are oot
classified as smucmre modifying. Dietary sup-
plements of mangarese ascorbate alone resulted
in a 47% reduction in total mean grade, and a
28% reduction in linear involvement with only
A, two of six animals having severe lesions.
Statistically these reductions were not signifi-

cant but this may be a fumction of the limited .
number of animals nsed. In vitro, meanganese .

ascorbale exposure was seen to cause an inhibi-
tion of H-1-indnced collagenase activity whichy
may partty explain the in vivo reduction of le-
sion severity, The data presented in the in vitro
study were geperated using tissues from adnic
dairy cows (greater than 5 years of age). In other
experiments (data not shown), tissues from fetal
or newborn aninals had minimal responses.
Animals in this study received a daily dose
approximately 20 times the human dose based
on a total body weight of 70 kg (300 mg chon-
droitin sulfate and 375 mg glucosamine per

e e = s e
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kilogram per day versus the 17 g and 21
mefkg per day for himaps respectively). The
useof 205 dietary suppléments was based onan
estimate of daily food ¢onsumption by rabbits

and éompensation for the more than twofcld

difference in basal metabolic rate.'?|Addstion-
ally, the goat in the cutent stody W to maxi-
. mizethe therapeuticeffeaandtestfc%fsafety in
other organs, Even at these high dosgs, a com-
parison of serum levels of dimz&yl{nethylena
blee positive glycosaminoglycan i samples
taken preoperatively apd 16 weeks later re-
vealed no increase-in girculating levels of si-
ther cornponent in any; animal group. Similar
findings were reported by Baici et al3 in human

vohuteers after receiving oral dosing. In rab-

hits, negative results also were ghtained vsing

préecipitates! and uroni¢ acid and h¢xosamine
analysis.'? i A _

" There are three possible explanatipns for the
lack of elevations imserum lev

evation occwred because chondro _splfate,
like the glycosaminoglycan heparia, is not ah-
sorbed in fthe gastrointestinal tract preswmably
because of its size aod ionic repulsion from
negatively charged epithelial tissue.’y Distribu-
tion of these negatively, charged polymers may
occur via the lymphatic system when given
orally. The second explanation is : timing of
sennn sampling at the thnninatiﬁnl% the study

relative to ingestion ofithe diet, In 4 report by -
. Yamanashi et al,% chondroitin sulfate levels in -

serum returned to normal within 6 kours after
intravenous administration. Rabbits sz noctur-
nal feeders and chondroitin sulfate levels wonld
have returned to normal by midmorping when

the study was terminated. The third explanation -

can be attibuted to the jack of specificity of the
dimethyimethylene blue reaction fir byprod-
vets of glycosaminoglycan metabolism, disac-
charides or desulfation and lack of sesitivity of
the method. However, Volpi et at* recently re-
* ported glycosaminoglycan elevatiﬂn:s detected
by densitometric scapning and agarose-gel
electrophoresis after a:single oral dose: of the
same chondioitin sulfate in voluntgers. Their
. i

uronic acid assays of cétylpyridiniuin chloride -

of gly--
cosaminoglycans. The first is that nd serum el- -

Unlimited, Savannah, GA, for peeforming the st

‘Refercnces

- 4, Blumenkrantz N, Asboe-Hansen G: Anassay for mtal % 3

data suggest that glycosaminoglycans degraded -
by intestinal enzymes to disaccharides are not

detected by dimethylmethylene blue. Inthe case '

of glucosamine, testing was done for protein- B |
bound and free hexosamine. The relatively rapid -°5
mrmover of bexosamines and first pass effectin ;3§
the liver may explain the lack of detectable in- 7%
creases for this amino sugar. A recent study doc- -
umented disappearance of glucosamine 2 hours .
after am oxal dose of 2 g in dogs. 2 ]
The fack of an effect of any of the dietary
supplements on normal cartilage metabolism .
(humervs) alternatively may suggesta tropism
of these agenss for cartilage in the reactive,
state hecause of stréss. These results are in ac-
cord with recent recoramendations by the Eu-’
ropean Group for the Respect of Ethics and
Excellence in Science which state that dmgs
used in the treatment of osteoarthritis not have
a deieterions effect on normal cartilage.! It
would appear that onie mecharism of action of ;
glucosamine and chondroitin sulfate is t syB- 3
ergistically enhance the natural hypermeta '8
bolic repair response of chondrocytes and nag
this way affect a stabilization of cartilage ma-
trix which retards the progression of cartilage
degemeration. . i
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