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Summary: Afthritis af flicts approximately 43 miltion Americans or approximately 1 6 6% of the US popua1n.
The two mosl comrnon and best known types o{ arthritis are osteoarthritis pA) and rheumatorcl arthritis (RA) A
:;ignificant amoun[ ol scientific research has been cione in ailempts to explaln what initiates t'orms of afthritis,
how it is prornored at'td perpetuated and ttow to effectively inteuene in the disease process and promote car-
illage remodeling. Cunent pharmacological strategtes matnly address immune suppression and antiinflamma,
tory mechanisms and have had limited success. Recent research provides evidence that alterattops tn ne
three'dirnenstonal configuratian ot glycoproterns are responsible for the recognitionlresponse signaling thal cal-
alyzes T-cell attack. Oral administration of autoantigens has been shown ta sfppress avariety of experimental,
ly induced atttotmmune pathologies, includlng antigen-induced RA. The interactior-t betvveen gut assaclated
lymphoid lasue rn the duodenttm anct epitopes of orally adrninistered unclenatured type ll collagen facilitaies
oral tolerance to the antigen and stems systemic T-cell attack on joint caftilage. Previous studTes have srtav,tn
that small doses of orally admrrtistered undenatured t'ype ll chicken collagen effectrvely deactrvate klller T-ceil
aftack. A novel glycosylated undenatured fype ll collagen maierial (UC-ll) was developed to preseNe bialaqical
activity. The presence of active epilopes in the LJC-ll collagen is confirmed by an enzyme-linked immunoscr-
bent assay test and distinqulshes this form irom hvdrolyzed or denatured collagen. Oral intake of smal arncuns
of glyccsylated UC-llpresents active epiiopes, with the correct three-dimensranal structures, tc peyer r patcn
es, which rr-tfluences the signahng required for the development of immune tolerapce. llC-ll has demonstrated
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the abilify to induce tolerance, effectively reducing joint pain and swelilng in RA subjects. A pilot study was con-
ducted for 42 days to evaluate the efficacy of UC-il (10 mglday) in five female subTecls (58-78 years) suffering
from significant jarnt pain. Significant pain reduction including morning sliffness, sllffness following peiods of
rest, pain lhal worsens with use of the affected joint and loss of joint range of motton and functron was observed.
Thus, UC-ll may seNe as a novel therapeutic tool in joint inflammatory conditions and symptoms of OA and RA.

lntroduction

Arthrit is represents a group of debil itating dis-
eases of the joints, bones, tendons, muscles and
eventually organs. lt affl icts approximately 43 mill jon
Americans, imposing a cost in excess of $65 bil l ion
annually (1) The two most common types are
osteoarthrit is (OA) and rheumatoid arthrit is (RA), tra-
- l i + i ^ - . 1 t , ,  . - 1 ^ { ; ^ ^ . - 1  ̂ ^  r n o _ r e l a i o d ' , u r o a r _ a n d _ t n . . ' ,U l t l u /  l d l l y  u v l l l l U U  d J  o V U  v v u u r  u r  r u  r u d l

arthrit is and "autoimmune" arlhrit is, respectrvely (1 ,
2). However, inflammatory response has been identi-
f ied to be a common mediator in both types of arthri-
t is  (1 2) .

Understanding o l  RA pathogenesis has changed
over the years. RA is characterized by attack o{ kjl ler
T-cells on type l l joint collagen, whjch results in dam-
age to car t i lage,  lo int  swel l ing,  pain and inf lammat ion
(3-6) The body's attempts to remodel joinl carti lage
are outpaced by immune mediated aflacK on and
degradation of joint carti lage (3-6). Collectively, these
events have been clraracterized as an out-of-control
ar l ln immt rntr  rCsnnnsc f3\  Fxtpnqrrra roqeernlr  has

o v n l n r a r j  i h o  m r  r l i i { : n a l o ' 1  A , , n r - : ^ -  ^ {  . ^ ^ ^ ^ n i r ', - - - . -u uyI i1 i l l {cs ot  IecL)gnt i lon,

r F e n n n q o  a n d  e  n m n a n c . + ^ n  /  h ^ m ^ ^ ^ t . i i ^  r ^ -. y - , , i i l t u r y  r o i l r eus l i l i l c  r i l euna -

nisms in an ef for l  to  understand.  manage and main-
t e i n  immrnp  a .nmna t t r nn .p  Roqea ' r - h  i n  t r anqnen iC

mice points to the possibil i ty that B-lymphocytes and
immunoglobul ins outs ide the jo int  ind i rect ly  provoke
R A  n : l h n n o n o q i c  r z r :  :  q n l l  r ^ r a + i ' , n  T  ^ a l l  ' n n ^ ' r t a,  . .  r - . .  . . *  *  - 3 i l - t edL ;L t ve  t - ce t i  r ecep to r  l n

the joint (7), However, our understanding of auto-

immuni ty  s t i l l  presenls unresolved chal lenges that
may require a paradigm shift in research for the
r l a r i e l n n m e n t  n f  p f f o c i i r r e  r n n  ^ r { n  r h n r n n i n ou u v u r v P ,  v u  a l  l u  s d l u  t r  r g l d P l u J .

It has been prooosed that mechanisms involved
in host defense, protection and maintenance of self-
integrity are counteracting {orces in which tolerance
mechanisms efficiently suppress immune attack on
self to a required threshold. An evolutionary perspec-

tive alleges that a tendency toward autoimmune mal-
function should theoretically be higher during years
when young rmmune systerns are aggressrvely pro-

tect ing the reproduct ive potent ia l  o f  the host .
Misrecognition of self would be a predictable defi-
ciencv of the svstcm 18) Autoimmune disorders are
less prevalent in the young, increasing with advanc-
i n n  a n e  : n r - 1  d e r : l i n p  o I  r o n 1 6 f i , ' r - l i ' / t r  n n t a n l l a l

lndood ihoro  ic  r  n lo r r  ro lg l jgp lSh ip  be tWeen adVanC-

ing age and an increased incidence of arlhrit is. To
explain this, one rationale theorrzes that RA disease
must result from a deteriorating function of the im-
mune system, which provides ideal conditions for a
breakdown .n self-lolerance (B) Decreased recogni-
t ion and up-regulated sel f -at tack is  a logical  conclu-
s ion consistenl  wi lh  an age-rera led decl ine in  i rn-
mrrno  o f { i n i one r r  /Q \  Hnu ieve r  ovn lqna t i nne  ran2 r .' '  '  - e * '  J l n g

"autoTeactrv ' ty '  o f  the ,mmune sysrem in RA drsease
favor an emphasis on functional f laws in surveil lance,
recognition and response (and their symptomatic
- ^ - i r ^ - - ^ r ; ^ ^ ^ \  " - + f , ^ -  * L A n  t h o  ^ n s q i r i l n r  + h a t  e t r U C -I  I  l q l  l l l E ) L A L l u l  l ) l  l q t r l t r l  t l  l u ,  I  r  r u  F u J r t v r , , r y

tura l  r laws i r  rmmune system complexes,  and possi -102
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Recent strategies for therapeutic managemenl of RA,
therefore, focus on methods of inhibit ing symptom
manifestation to reduce the severity of the end-stage
of  th is  d isease (10) .

Ftiological and therapeutic research 'aces the
challenge of explaining how arthrit ic processes origi-
nate and progress (2) Most of the past and current
work on rheumatoid diseases examine strategies to
intervene or halt "out of control" immunologic and/or
inflamrnatory events associated with autoimmune
disease (10). The traditional paradigm proposes that
RA is an immunological disorder for an as yet uniden-
tif ied arthrogenic antigen. Various immunological fac-
tors are involved, such as CD4-inducer lymphocytes,
CD4 cel ls ,  macrophages,  neutrophi ls  and tumor
necrosrs factor- (9, 10). Thrs conventional view has
n r n n '  ' l ^ n  ^ h - ' - ^ ^ ^ l ^ ^ i ^ - l  l h ^ ' ^ ^ i ^ ^  + h - r  fl_ruuuueu p i l i l i l r i luutogrcat  l i lerapres Urat  ravor
manipulation of cyclooxygenase-2 events and immune
suppression, with less than ideal results. Almost all of
the biomolecules responsibie for innate and adaptive
immune response are glycoproteins (1 1) However,
l itt le attention is directed at the possibil i ty that im-
paired glycosylation aflects the configuration of gly-
coprote ins,  inc luding lgG and type l l  co l lagen These
may a l ter  recogni t ion and response s igra l ing our ing
immune surveil lance, incit ing attack on the body's
own jo int  co l lagen (1 I  -19) .

Tnis view sLggests tlrat the lerm hyperreactive
"immune abnormality" may be a misnomer for RA, as
the immune system ts behavrng approprrate ly
against  host  t issues ut t rmale iy  idenr i f ied as forergn
pathogenic antjgens (i0) Altered glycosylation could
produce a number o{  ident i l icat ron errors respons'b le
f o r  r r n - r o n r  r l : l i n n  c o l { - : r t e n k  A m n n n  t h a  n n c c i n i l i l i a ., v ,  u v  r u ! , u , q r i l  ' ! j  J c i l - a l r o u r \ .  ^ r  r r u i  r v  r i , c  v u J J r u i l [ t s J

are misidentif ication of type l l jornt collagen as anti-
genic by aberrant lgG, possible brnding of hypo-
celactoc\ / la ipd lnG ur i th Cefta in fheumatoid faCtOrS

leading to s igni f icant  levels  of  immune complexes
characteristic o' RA and/or approprrare glycomrc

Eftects of undenaturecJ type ll cotlagen against anhritic dlseases

tdentif ication markers may be missing from the joint
collagen and immune complexes. This perspective
provides insight into how the immune system incurs
a loss of self-tolerance and explores the possibil i ty of
flaws in glycosylation/galactosylation This phenome-
non is at the rool of impaired immunological recogni-
tion and response activit ies for the hyper-autoreac-
ttve immune seltdestruction of joint collagen in the
pathogenesis of  RA (19,  20) .  Hence,  a l tera l tons in
glycosylation/ galactosylation are hallmark character-
istics o1 FA Thrs also provides a possible explana-
tion as to who orally ingested native type l l collagen
produces tolerance, down-regulating autoimmune
aggression (3, 4).

lmpaired galactosylation affects glycoprotein
synthesis, altering the requisite three-dimensional
conformations of glycoproteins such as type l l colla-
gen and lgG, producing the loss of  se l f - recogni t ion
Lang and Yeaman (20) demonstrated that removal of
carbohydrate moieties from antigens resulted rn a
loss of  anl ibody t r ind ing.  In  RA pat ients,  decreased
levels of p1-4 galactosyltransferase activity in periph-
eral blood B- and T-lymphocytes correlates with the
decreased galactosylation of serum lgG (13).

lmmunogrobul ins are by def inrr ion g lycoprore in
molecules produced by plasrna cells in response to
an rmmunogen,  which funct ion as ant ibodjes (11) .  In
RA, immune compiexes thal  consis t  exc lus ively  of
immunoglobul in  are present ,  ind icat ing a ro ie as both
antibody and antigen. Both carti lage and immune
system complexes are, for the most part, made of
glycoprotein structures in which glycoprotein synthe-
q i q  r o n r  r i r p e  l h a  n a . o e c . r \ /  c . r h n - r n - ^  - ^ ^  ^ ^ ' * ^ ^ r ^ n t

U  r s  I  t s u s J J o l  y  > u u - { t d l u  d t  i u  u u t  I i J E t E i  t l

glycosylation (1 6). lmpaired glycosylation/galactosy-
la l ion in tersecls  at  a number of  junctures contr ibut ,ng
to the rnit iation, promotion and progresston stages of
R A ( 1 1 - 1 9 )

Comparisons of the /V-glycosylated pattern of
serum lgG isolated from healthy individuals with that
of RA patients dernonstrates that differences ob- 1 0 3
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served in BA patients are due to changes in the rela-
tive extent of glycosylation compared with normal
indiv iduals.  In  RA, an increased number of  o l igosac-
char ide st ructures lack the termrnal  galactose
residue (19) .  Ih is  suggests that  RA may be a g lyco-
sy lat ion d isease.  ref lect rng changes in rhe in l racel lu-
lar  processrng,  or  post-secretory degradat ion of
,V-linked oligosaccharides (12 19) Other research has
reported a decrease in galactose resrdues in the
oligosacchar.de charns of the seurn lgG of RA pa
tients, which was presumed to alfect the three-dimerr-
sional structure of the CH" domain. Galactose- deplet-
ed lgG reduced Clq binding and Fc receptor birrding,
which implies an imporlant brological function oi the
glyconutrient moiety of lgG (16) Rademacher el a/.
(17) clearly demonstrated that galactose-deficient lgG
glycoforms are directly associated with pathogenicity
in col lagen induced rheumatoid ar thr i t is  in  mice.
Nonpathogenic autoantibocjies were made pathogen-
ic by altering tlreir giycosylalion state (17).

lmmunization with undenatured type Il collagerr
(antigen) has been shown [o induce arthrit is (21)
However, orally ingested undenatured native anti-

gens in teract  wi th gul -associated lymph t issue
/GA l  T r  r es ,  r  l i nn  i r -  211  op l l 1o l i ,  n -nnq i t p  ^+ { - . : t  O ra l
. n l r r ' - r . ; n r  |  , o i -  -  ^ m ^ l l  . l n c e c  n f  n [ i e  n c r r l : r p a l  r  r n l -t u l s l l 4 G  r U  I ,  U - r L l y  J r ' l d l l  U - J - J  J r  V ' ) u u r y r L . u u  u r  l ' r - -

n r t r  r o e l  l r r r r o  l l  n n l l r n o n  r l  l l . -  l l \  h r r  I r m ^ n n  ' ^ l n ., ,  \ uu - i l 1 ,  | ds  ue l  i l o r  t s t r a l eo  I IS

e f {pc l  : ve r reqs  j n  I  r r n i n . r  n f  I  I - c ^ l l  . a t 'A .1 ,  . n  t vno  l l  iO tn I

col lager ,  inducing ;mmunological  hyporesponsive-
ness,  and reducing pa n and inf lammat ion (3-6)  In
contrast, whrle denatured collagen may prov de a
nutr i t ional  source of  substrate tor  lo int  car t r lage syn-
thesis ,  research demonstrates thai  t  coes nct  induce
immunological  hyporesponsiveness and has nct
demonstrated an effect on reducing oain and inflanr-
mat ion (6) .  A l t lough the same amino ocids are pre-
sent rn both forms, the tertiary and quaternary struc-
tures in the denatured form may be completely
destroyed and the galaclose moiety is degraded
(Fig 1)  not  a l lowing epi tope recogni t ion in  the
Peyer's patch (3, 10,22). Furthermore, the hydrolyz-
ed or denatured form rnay be pharmacologically inef-
feclive because ol the loss of conformatiorl. Interest-
: n a l ' i  t h a  a f  f a ^ i .  n r  n r  r 1  r n l n 1 2 1 4 o  r l ^  n n l  : ^ r r o  r r  i  .  

[ g

conf ined to RA diseases a lone,  bul  confer  apprecia-
b le benef i ts  in  some cases of  OA as we I  A pr lot

Fig.  1 Elecl ron l l r rcrogral) l t  {magni f icat ion x 50 000) 01 uncienaturecl  type l l  cD laEeir  v5 denatured type l l  col lagen Unclef  a lufed type l l  col
iagen (on ie l t )  shows ntact  ier t iary and quaternary g lycoprotern rntogf l ly  a l lowrng for  e l l t tope recogni i ton and hyporespo| ts ive mnrune st i lnu
lat ion.  Der latured type l l  col lagen (on l rght)  contains no ter t lary and qLraletnary g ivcoprote I  rn lecnty.1 0 4



sruoy provides pre l imrnary evroerce lhat  10 ' rg/day

of  a commercia l  enzyme- l inked immunosorbenl
assay (ELISA; ver i i ied undenatured g iycosyla led rype
l l  co l lagen (UC- l l  ln terHeal th Nutraceut ica ls  ln-
corporated,  Benic ia,  CA USA) adminis tered ora l ly
ree l r  re  oe l  aonann/  na in  h r i  2Ao/^  in  f  o r  r r  n r  r l  n f  { ; ' , ^

r u r r J U r  y  r j u t t t  b y  - u / u , r r . u L r  J r r  u r  r r v u -

wornen, aged 58-78 years old, for 42 days. Two of the
women were prevrodsly  d iagnosed w' lh  OA and lhe
remarning three exhib i ted s i rn i lar  symptoms but  had
no clinical diagnosis. There were no adverse etfects
associated with the rntake of UC-ll (Table l)

Peyer s  palches are re,at ive ly  large aggregates o1
lymph tissue located in the GALT of the small intes
t ine (10,  22) .  The over ly ing "dome" epi thel ium con-
tains large numbers ot intraepithelial lymphocytes.
S n . y r c  n {  l h e  e n i i h e l r : l  n o l l q  h ; r r p  r - n m r  r l e y  m i c r n i O l d S

in their surfaces, known as M-cells. M-celis are
irnportant in the lransfer of antigen from the gut
lumen to the Peyer 's  patch (10) .  Peyer 's  patches then
facil itate the generation of an rmmune response with-
in  the mucosa.  An ant igen in the Peyer 's  patch st im-
uiates B-cel l  precursors and memory cel ls  (10) .  Cel ls
pass to the mesenteric lymph nodes where the
intmune response i l  needed,  is  ampl i i ied.  Act iva led
l \ / rnrrhon\ / tpq n:qc in in the blood Stream via the thO-

racic duct. Oral lolerance occurs only alter the cor-
rect  three-dimensional  con{ormat ion of  UC- l l  ant igen
i s  rden t i Led  as  nonpa thogen rc  (10 ,22 ) .

F f { e e  l c  a f  t  t n . . l a n 2 l t  t r a . l  ^ / ^ ^  ! 1  ^ ^ t : ^ ^ ^ -  - ^ ^ . ^ . t  ^ a h r h i n  r { i c a o o n ou t  e c t  t a r u t c u  L y p €  i l  u u | d g y t  t  d g d i l  l J t  d ]  t r  U t I t L  u / J U d J U )

Materials and methods

Chemicals. Pepsin (Catalog nlmber I U B 3 4 23 1)
was purchased f  rom Worth ington Biochemical
Corporation (Freelrold, NJ, USA). Unless otherwise
stated, all other chemtcals were purchased irom
Sigma Chemical Co (St Louis, l ' /O USA)

UC-l l  UC- l l  was obr tarned f rom InterHeal th
Nutraceutrcals. The presence of glycosy aled "active"
epitopes in the UC-ll collagen matrix was confirmeC
by a validated ELISA test. Furthermore, electron
microscopic analysis of UC-ll was conducted to
demons l ra te  t he  con fo rma l rnna l  i n l cn r i t i i  n r  t hp  l r r n l e

helical structure.
For  e lect ron microscopic analysts,  a smal l

amount of UC-li powder was fixed with Karnovsky fix-
at ive lor  2 h.  r insed wi th cacodylare oul ler  lor  20 min,
placed in 1% osmium tetroxrde tor 2 h, rinsed wrrn
disti l led water for 1 min and placed overnight in 0 5%
uranyi acelate. The sample was then dried using
ethanol and placed into propylene oxide for 30 min
and f ina l ly  p laced in 50.50 propylene oxide:SPURR
(embedding material) tor 2 h and then lnto 100%
SPURR overnight lt was then placed into a 7A 'F

oven overnight. A section was taken using ultra
microtome, stained with uranyl acetate for 4 rrtn.
rinsed with disti l led water, stained with lead citrate for

Tabf e I Measurenenl ol pait) level following a 42-day sludv ol onl administra[ion ot' undenatLtred type ll cailagen (UC-ll)

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Reductron in Pain

Week 7 l%)

I

2
3
4

5

3
5
5
6
7

3
5
5
6
B

3
5
4
5
5

3
5
3
3
4

3
2
3
2
3

3
2
5
?
1

Adnr in ls te red  dose A s ing le ,  da iy  o ra l  dose o f  10  mg g lycosy la ted  unc lenatured  type  l l  co l lagen {UC, l l ) .  Pa in  inc lex  i0  =  unbearar l te
1  =  to le rab le .

0
22
27
22
34

3
5
4
5
5

r 0 5



D q v u l  r l  u .  Y r  d l .

2 min and r insed again wi th d is t i i led waier  and orreo.
The transmission electron microscope procedure
was conducted in an Elr/ JEOL i 00CX (Peabody, MA
USA) An electron micrograph of undenatured type rr
collagen ys. denatured type l l collagen is shown jn
Frg. 1. Undenatured type l l collagen (on left) shows
intact tertiary and quaternary glycoprotein integrity
allowing for epitope recognrtion and hyporesponsive
immune stimulation. Denatured type l l collagen (on
right) contains no tertiary or quaternary glycoprotein
integrity Epitopes of healthy undenatured type l l col-
lagen contain the correct composition and structural
conformation of galactose-dependent glycoprotern,
as evrdenced by ELISA analysis (Fig. 2)

Time-dose measurements of UC-ll activily in sim-
ulated human gastric fluid. Five samples of UC-ll
were analyzed for collagen activity via ELISA arralysis.
Samples were digested in pepsin, simulating an arti-
f icial stomach. The pepsin solution was made using
995 ml disti l led water, 3.73 g KCI 4 g HCt and 30 mg
pepsin. Five collagen samples of j4,7 g each were
incubated lndiv idual iy  for  0,  15 30 60 and 90 nr in in
100 ml  pepsin solut ion at  32.C and pH 2.0.  The
A ; ^ ^ ^ + ; ^ -urgesuol  prouess was stopped by increasing the pH
to 6.0 us ing O 5 M NaOH solut ion Both t t re sol id

Fig .  2  Undenatured  iype  l l  co lLagen t f lpe  he l i x  mo iecu le  exh ib t ing
ep i lope pos l t r0ns .

materiai (insoluble coilagen) and the supernatant
(soluble collagen) were coliected and anaiyzed for
nai rve lyoe I l  co l lagen using a commercia l ly  avai laoie
Capture ELISA kit supplied by Chondrex LLC (Red-
mond, WA, USA) The quantity of UC-il (mg96) was
determined rn both supernatant solubie iype l l cot,a-
gen and insoluble iype l l  co l lagen fo l lowing incuba-
tion for 0, 15 30, 60 and 90 min at 32 .C and pH 2 O

Pilot stuoy to evaluate the efficacy oi uC-ll rn
human surbTecfs. An open label pilot sludy was per-
tormed in five lrurnan subjects (women aged SB-78
years) suttering from significarrt loint pain, using a
commerciai ELISA-verif ied undenatured type l l colia-
gen (UC-ll lnterHealth Nutraceuticals) To be eligibie,
patients had to meet the American College of
Rheumatology cri leria Patients were excluded front
the study it they had myocardial insutficiency, renal
insufficiency (serum creatine > 2 0 mg/dl), distur-
bance of l iver function, alkaline phosohatase > 300
units/l i ter, serum glutamic oxaloacetic transamjnase
> 50 units/l i ter, or bil irubin > 1 5 mg/dl) malignancy
or a considerably reduced general state of heaith as
determined by the physic ian The f ive subjects
enrol led in  th is  s tudy presented a h is tory o i
osteoarthrit is more lhan rheumatoid symptomolog.l,
These sublects reported eariy morn ng srtffness, strff-
ness following periods of rest pain that worsened
with use of the affecteo joint and loss of jornt range of
motion and function. Weatlrer changes frorn warm to
cold cr cry to morst were also repcrted as parn-
enhancing fac lors Al l  par ients were req.L i red io  s ign
an informed i:attent consent fornr prior to participa-
t ion.  The sub ects were a lso g iven a quest ionnaire
witlr detail protocol procedures, possible risks and
benefits, etc. Two of the five suojects who suffereo
from osteoarthrit is symptoms were clinically diag-
ncsed 3 years plor to particjpation in this stucly. The
remain ing three subjects repor ted s imi  ar  sympto-
mology. Measurements included weekly dlary-formatI U D



oDservat ions ano qualr tar ive {eedoack.  Each subjec l
" ^ ^ ^ i . , ^ ,  ^  ^ i ^ ^ l ^  ^ " ^  ^ - , 1 , ,  i ^ ^ ^  ^ {  1 n  - ^  I  l a  l l ^ 'r e c e r v e o  a  s r n q r e  o r a .  o a l l y  o o s e  o l  l u  r l l g  u \ , - l l u n  a n
- ' - - + . .  - + ^ - - ^ L  ^ , ; ^ . . ^  b e d t i m e  f o r  4 2  c o n s e c u l i v eg r  r  r i J t y  - L U l  l r d u i  l  i J r  r u r  L U

e l r r r c  F e e  n  c r r h i o e t  r r ; r c  a q k o d  t n  r : r e  l h e i r  r A q n p a r " ' ^J o l J ,  L a U  l o u U l s v t  v v L r  d r n g u  t U  l o t U  t l  l U r l  r u r J U \ ' l r v e

pain level  on a scale of  1-10,  wi th a score 01 10 rep-
resent ing "unbearaore"  and a score of  1 dcnot ing
"tolerable," prior to participation and immediately fol '
lowing completion of 7 days of treatment

Besults

Time'dose measurements of UC ll activity in gas-

tric f luid. Following ingestion, the UC-ll glycoprotein

encounters hydrochlorrc  ac id and pepsin.  Dose- and
+;-^  i^^^^! - . . -+  ̂ +, , - r ;^^  were conducted to deter_L i l  r r c - u E | J g r  r u v r  r L  - i u u r u J

rnine whether these monomers were sti l l  in the triple
helical form, whrch we confirmed by ELISA assay.
Firrr  r rc i  dpmnnqlr2tcq the t ime-dOSe measufements

of  UC- l l  act iv i ty  in  s i rnulated human gastr ic  f lu id at  32
oC and pH 2 0 Figure 3 c lear ly  exhib i ts  the UC- l l
actvr ty  in  supernatant  so luble type l l  co l lagen and
inso uble type l l collagen over a period of t ime (0 90
rnirr) Thus, these results demonstrate that following
incubation of UC-il for 90 min, approximately 509'. of
soluble UC- l l  is  avai lable to the epi topes.

Pilot study to evaluate the efficacy of UC'll in
human subiecfs. An open label pilot study was con-
ducted in five female subjects (aged 58-78 years)

denronstrating the symptorns of signif cant loint patn
These sublects recerved a s ingle ora l  dai ly  dose of  10
mg UC-l l  on an empty stomach pr ior  to  bedt ime for
z l9  nqpqon l  r t i r re  d .ayc .  A l l  q  h rpr - *q  rp t t r r j  f  hp  '  rCS6eC-

t rve parn level  on a scale of  1-10 (a score of  1O rep-
- - ^ - ^ r ^ ^  n a q n e n n i n . . r  I n  a  q a n r t r  O f  lI C J C I  l l l  l g  U l  l u g d  d U L E  U U J U U I  l U l r  r J  t u

d o n n ' r n n  " r n l p ' a n o " l  T h e  q  r h i p c - s  r a t e r ^ j  - h p i r  n a nu  / .  r | u

^ . . -  |  a ^ r  -  - ^ -  ^ ^ n l r ^ a t i n n  : n d  a 1  t r i n n  l t e a l _q v t r r  r J U , u r  c  l t L d t  u u > E  d l J l l t  L d i t u r  I  o r  r u  u u t I  t 9  l t r

Ie r l  o r l ce  every  7  oays .  N/easLt 'e t l len l  o '  r la i r  leve ]

in  these human sub jec ts  fo l low ing  42-day  supp le-

Effects of undenatured lpe ll collagen against arthritic dlseases

mentation of UC-ll is shown in Tabie l Subject 1 per-
ceived no reduct ion in  her  pain status throughout  the
open label trial. Subject 2 percerved a reduction in
pain during the srxth week of the study, wlri le under
these same coroi t ions Subjects 3 z and 5 reporred
a reduct ion in  thei r  parn ievel  dur ing the th i rd week of
t reatment .  Thus,  a t r ia l  dose of  10 mg UC-l l  was
assocrated wilh a -26",L reduction in perceived pain
as inc i icated by four  of  the f ive subjects (22%,22%,
22/",34"/", Table l) Furthermore, no side effects were
associated with UC-ll treatmerrt. In essence, treat-
ment  wi th a dai ly  ora l  dose of  10 mg UC-l l  was wel l
tolerated and Droduced a srgnificant reduciion in loint
pain symptoms.

Discussion

Fpitope recognrlron Lpiropes (anlrgen c oere'Trr
nants) are structura components of an antigen mol-
ecule responsibie for its specific interaction witlr l-cell
antibody molecules elicited by the same or related
ant igen (23) .  Epi topes of  heal thy undenalured type I
co l lagen conta in the correct  composrt icn and s l ruc-
tura conformation of galactose-dependent giycocro
te in,  as ev idenced by ELISA analys is  Qa) f tg .2) .  A
novel  g iycosylated undenatured type l l  co l lagen
material (UC-ll) was developed [o preserve brological
actvity Tlre presence of glycosylated "active" epi-
topes in  the UC- l l  co l lagen matrx is  conf i rmed by a
validaled ELISA tesl arrd disttngurslres this form trom
hydrolyzed,  denatured agalac losy latec i  co l lagen
(25) Oral intake of 10 rng of this form of UC'll pre-
sents act ive epi topes,  consist rng of  conformat ionai ly
correct t lrree-dirnensioral glycosyiated slructLrres, to
Peyer's patches in the GAL| (22, 26) Follow ng n-
gest ion,  UC- l l  co l lagen g lycoprote in encourr ters
hydrochlor ic  ac id and pepsin Dose- and t  me-
dependerr t  s tudies show t l rese monomers are st r l l  in
t l re i r  t r ,p le hel ica,  fo" ' r .  (F 'g 3)  a ' rcr  t ravel  oown to Ine 107



R : n n l r l  )  a t  a l

Pnvo r ' q  n2 l . hpq  n  u rh i ch  t hev  h i nd  Pens in  r l nes  no t

break down t l re t r ip le hel ica l  conf igurat ion of  these
monomeTs due to b iochem cal  l i rn i ta t ions,  so the
acl rve s i les a lways remain i r r tact .  which is  conf i rmed
h, ,  r r  rcn -^- r . ,^ i^  D^^^ in wi l l  not  c leave bonds con-u y  L L r u n  o r  r o r y o r J .  I  c l J J

larn ng lhe amino acrds val ine.  a lanine or  g lyc ine
(27) .  fhe amino acid composi t ion o l  nat ive type I l
c n l l r n o n  i q  h e : r i i h r  d i c t r i l r r  r t n d  r a r i l h  n h r n r n o  ( t A  ) O \

Th i s  o , vc i ne - r i cn  sen ren .F  o r i c r  . r pq  t h2 l  nenq in  w i l l

not cleave the native collagen configuration (27).
n r  r r i n - r  l i n o c l i n r  t h p  i n l r c t  ^ n l l r n o r l  f ; l l r i l  r 2  . ^ r n b i -

, - - r ; ^ ^  ^ {  ^ ^ i l ^ - . ^ ^  - ^ - ,raron oT coi lagen monomers, sugars ano letopep-
t i r J p c i  h r o : l " q  r l n r a r r r  i n l n  m n n . m a r .  n n l l r n a n  n - r , -

t i r - Jps  / qm: l l e r  o l r  , cnnon l i r ^ l p  l n t t q t  c ynns l r n  aodn ion -

2  pn r rnnpq  / !O l  O r r  t na  n l ho r  h : r r r J  I  l r o  i F l ^non l i ^  - .
o r  E I J T L U I J E J  \ J U , ' .  V  l  r  r C  u r .  r r  r v  l u , v F r u P r r u g J

bornd to col lagen molecules are suscepr ib le to
nnnc i r -  a r r rJ  nc-  r - lpavpd in  t l rp  n .  r l  r l r  r inn  d inos i lOn

/ 3 1 1  T l ' t q  e l  . \ ^ / q  t h t r  n n l l a r r e r  l l i p  o  l 1 p l i y  f n r t r a l t n n  t O, "  ' /  "
l n O q o r  q l . r - t l t l l \ /  a y l n q 1 t . 1  a r - l d : i : n r - r l  c ^ r , \ / 6  o ^ i + ^ n 6 S  O f

l r r o  n n l l : n  r n  n l \ / . n n r n t p i 6  s o q  1 l 1 i 1 n  i n  ^ r o : l a r  h  T l i n nu '  r u "  '  - J

r a i i l l r  : r r r J  r e e n n r r i l i n n  h i i  r l r o  P a r r o r  e  n e l n h a c  / 1 ? ,

T h o s o  e n i l n n e q  n n q r r r r r p i r i  n t r , o n n o  f h F  i m m r  r n n r a"  ' . - " - ,  - igu-
.  . : - - - l : - n  r O n t  r r r F l - l  f n r  t l r e  n o r r o lra lo r y  i esoonse  s lgna r rn r  , _  _ , . _  __ ._ rop -

Inenr  of  lo ierarrce (10 32)
P r o t l e r l v  o l \ / c n q v l 2 t t r . J  e r - i r n n o q  n i d  n n t  l r r n '  r - r

T  ^ a l  n r n l i r a . r l  ^ n  . .  - l i r - l  m n . , , f i a . t  h r r h r  I  o n i r n r r o ct - u E i l  v r u i l r s r a t  u r  L  o -  u t u  I  r v u  u | ! J ' t u l J _ r

r-r Soluble type l l  col lagen
+ Insoluble type l l  col lagen

(21) .  Fur thermore,  Kim el  a/  (33)  demonstrated that
a s ingle ora l  adminis t rat ion of  poly( lact ic-co 'g lycc l ic

ac id)  (PLGA) nanopart ic les induced to ierance
agans l  co l l ogcn  l l  , nduced  a ' l r r r  l i s  n  I nce  pa r l . c l es

of  Pl  GA were ev idenr  n lhe Peyer 's  palc . les of  ani
mals for  14 days f rom or igrnal  feeding (33)  Hypo-
responsiveness results when epitopes of ingested
I  l f - - l l  c n l l e o e n  i n t p r r c t  r a r i l n  t l r o  P o r i o r ' c  n r l n h o c  i n  r l ' nu u - [  u u L r q v g r  I  r  r E r o u l  u y u i  r  | , u L u t  r u J  I  l t  ] c

lymphoid t issues of  the duodenum, t r igger ing the
complex serjes of immunologic events that, in the
case of RA, down-regulate the body's attack on its
own type l l jo int  co l lagen.  This research demonstrat -
ed that  PLGA was wel  to lerated against  co l lagen l l -
induced ar thr i t is  These act ive epi topes meet  confor-
mat ionai  speci f  cat lons of  the three-dimensional  g ly-

coprote in s t ructures requj red by inrmune survei i lance
to s ignai  approval  ani  to lerance.  Ant  gen epl tope
glycosylat on has been shown to play an impoftant
ro le in  T-cel l  recogni t ron and B cel l  resporrs iveness
(21 ,34,35)  This recogni t ron and approval  ef {ect ive-
l \ /  i  r . n c  n { ' t l r p  l n - r F .  ' : - o c j  , m m  r n o  ? 1 1 r . k  h r r  r p a l 9 6 -u L l q u | \  U y  I L u

ing T-cell mediated inflamr,rat on, pa n and swell ing.
UC- l l  has demonstrated i ts  abi l i ty  to  induce to ler-
ar1ce.  ef fect ivery iedJCing .o in l  pa ' r  anc SWel l  ng in

RA subjects (3-6)
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Fig. 3 Time-dose measurements of Lrndenatured type ll collagen actlvity in gaslric tluid. Enzyme-linked immunosorbent mcasurements of
under]atured iype l l  col lagen epi topes.
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The science of glycobioiogy is rapidly expanding,
uncapping enormous research opportuni t res and
promis ing therapeutrc tools  (1 1) .  l t  prov ides new
insights into disease init iation, promotion and pro-
gression,  especia l ly  regarding auto jmmune dis-
eases srch as FA (12)  A preponderance of  the ev i -
dence suggests that all autoimrnune diseases can
be t raced back lo  errors a l  some junclure of  b iorden-
l i t ica l ion,  recognir ion and resoonse s ignal ing.  Proper
glycosylation is required for glycoconjugation, glyco-
molecular interconversions, biotransformations, and
glyccprotern and g lycol ip id synlhesis  (1 l ,  12)

In RA rmpa,red galac losy la l ion a l lcrs  the requi -
srte three-dimensjonal conformations of glycopro,
te ins,  inc luding cer ta in immune fac lors,  such as lgG
and possrby even lype l l  co l ragen,  prodlc ing the
loss of self, identity (12) Alterations in glycosylation
and of  galac losy l  s t ructures are hal lmark characler is-
tics of RA. This loss of self-identif ication alters recog-
nt t ion and response s ignal ing dur ing immune survei l -
lance, incit ing attack on the body's own joint collagen
( r 3  1 B )

Other autoimmune disorders have also been
associated with faulty glycosylation (12 17) This
impl ies that  cer ta in auto immune diseases may resul t
when naturally occurring biomolecules are identif ied
as rorergn pal l rogenic anl igens,  due lo the,r  a l lered
composition and structural conformation. As a result,
apor :pr ia te imnunotog;cal  a la lns are generated
and aggressive def  ense tact ics are ernployed
against  the host 's  own t issues (15) .

Fecently, safe and effectrve alternattves to tradi-
tronal models of disease management have been
used in RA (36) .  Oral  adminis t rat ion of  autoant igerrs
has been shown to suppress a var iety  o i  erper imen-
ta l ly  induced autotmmune diseases,  inc luding ant i -
gen-rnduced RA (3-6 33)  As our  understandi r rg of
g lycobiochenisrry  jncreases.  explanat ions regarding
the reasons lor these benefrts emerge Prevrous
studres have shown that  s"nal l  doses of  ora l iy  admir-

F f f C f - ' l S  O f  t  l t l d a n a i t  t r a . . t  h t n a  l l  a a t l a a a n  a n z i n c t  . f i r ' r : t , -  A : ^ -  ^ ^ ^ -u ,  t v e l  t u t u t  a u  L y p w  t t  e J , t a g u t  t  a  j a t ,  t J .  a t  (  i l  t L l L  u / ) u d ) c ] 5

rs iered undenatured type l l  co l lagen et fecr ive ly  oeac-
tivate kil ler T-cell attack on type l l joint collagen rn
humans (3, 22) . Our pilot study exhrbited the eff icacy
of  UC l l  (  10 mgrdsyl  in  ef fect ive ly  reducing lo int  pain
and swel l ing rn human subjects wi thout  any adverse
ef fects.  UC- l l  conta ins conJormat ional ly  correcI
"active" epitopes required to interact with Peyer's
palches jn the GALT and terminate antigenic signal-
ing of a pathogenic nature, characteristic of RA (10).
This approach provides new insights into the etiology
of  auto imrnune inf lammatory d iseases and thei r
amelioration with safe and effective treatments.
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A PILOT TRIAL OF ORAL TYPE II COLLAGEN IN THE TREATMENT
OF JUVENILE RHEUMATOID ARTHRITIS

MARTHA L. BARNETT, DANIEL COMBITCHI, ANd DAVID E. TRENTHAM

objective. To evaluate the efficacy of orar chicken
type II collagen (ccII) in the treatment of juvenile
rheumatoid arthritis (JRA).

Methods, Ten patients with active JRA were
treated with CCII for 12 weeks. Efficacy paramerers,
which included swollen and tender joint- count and
score, grip strength, S0-foot walking time, duration of
morning stiffness, and patient and physician global
scores of disease severity, were assessed monthly.

Results. Alr patients compreted the fulr course of
therapy. Eight patients had reductions in both swollen
and tender joint counts after 3 months of ccIL The
rnean changes trom baseline in swoilen and tender joint
counts for the 8 responders at the end of the study were-6Lvo and -54 Eo ' respectivery. Mean varues for other
efficacy parameters also showed improvement from
baseline. There were no adverse events that were con-
sidered to be treatment related.

Conclusion. Oral CCII may be a safe and effec_
tive therapy for JRA, and its use in this disease warrants
further in vestigation.

Juvenile rheumatoid arthritis (JRA) affecrs an
estimated 65,000-70,000 children in the US (l). While
it has !l"n suggested thar JRA has a better piognosis
than adult rheumatoid arthritis (Ray (2), more recent
data show that -45% of chilciren with JRA have active
disease at 10-year followup (3).

current treatment options for JRA are often
unsatisfactory, because of both limited efficacv and

concern about toxicity. These include anti inffamma-
tory agents such as aspir in, naproxen, tolmetin, or
ibuprofen, antimalariar-agents, gord. and methotrex-
ate, as well as physical therapy. In a minority of
patients, rapidly progressive disease is refractory to
these therapies and leads to permanent joint destruc-
tion with physical incapacitation. systlmic cortico-
steroids are relatively contraindicated in the treatment
of JRA, except in patients with severe poryarthritis or
severe systemic disease that has failed to respond to
more conservative treatment. In addition to multiple
other toxicities, growth suppression is a maior deter-
rent to the use of steroids in the treatment or rna. a
multicenter study of D-penicilamine and hydroxy-
chloroquine in the treatment of severe JRA showed
that, when given in conjunction with a nonsteroidal
antiinflammatory drug (NSAID), neither agent was
superior to placebo (4). Methotrexate has been shown
to be an effective treatment of refractory JRA (5), but
parents and physicians arike remain concerned about
possible long-term side effects. The toxic-to-therapeu-
tic ratio of cytotoxic agents, such as cyclophospha_
mide, is even more narrow. Moreover, reports of
malignancy either during or after therapy wit^h immu-
nosuppressive drugs have precluded their use in all but
the most severely il l patients.

The evidence that sensitized r ceils participate
in provoking inflammation in RA and other rheumatic
diseases (6) provides direction to the search for treat-
ment modalities based on specific immunosuppres_
sion, which would be both highry effective and mini-
mally toxic. The ability to ind'ce antigen-specific
peripheral immune torerance by oral administraiion of
antigens has been recognized for some rime (7). It is
presumed that the physiorogic interaction of proteins
with the gut immune system has evolved to prevent
systemic immune responses to ingested p iote ins.
Hypersensitivity reactions to food proteins ur. .ur.,
and the mechanism of orar tolerance is based on this
unique immunologic system, Given in low doses.
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oral ly administered antigens induce active immunosup-
pression, whereas high antigen doses lead to clonal
anergy (8).

Oral administrat ion of type II  col lagen has been
shown to ameliorate arthri t is in two animal models of
RA, one induced by immunization with type II  col la-
gen (9.10)  and the other  induced by Freund's  complete
adjuvant  ( l  l ) .  In  ac ld i t ion,  a p lacebo-contro l led,  phase
II study in 60 adrrlts with severe, active RA demon-
straLed signif icant (P < 0.03) improvement in tender
and swollen joint counts after 3 months of treatment
(12). A mult icenter, double-bi ind, dose-ranging study
of oral chicken type II collagen (CCil) in adult RA has
recently been completed (Barnett ML et al:  manu-
script in preparation), The present open study of oral
CCil in the treatmcnt of JRA was undertaken based on
these eari ier results.

PATXEI{TS AF{D IVTET'F{ODS

A iotal of 10 patients with JRA were enrolled in the
study. To be eiigible, patients had to meet the American
Coliege of Rheumatology criteria for JRA (13). In addition.
patients had to be between the ages of B and 14 years and had
to have active arthrit is, as defineC by the presence of a3
swol len jo ints and =6 tender jo ints.  Pat ients wi t i r  any onset
subtype were eligible provided that they had the required
number of inflamed joints at the time of enrollment. Thus, a
patient who had involvement of <4 joints within the first 6
months of disease (and who wouid therefore be classified as
having pauciarticular onset) would nonetheless be eligible
for enrollment in this study provided there were =3 swollen
and >5 tender joints at the time of study entry. Patients were
excluded if they were unable to discontinue treatment with
disease-modifying antirheumatic drugs (DMARDs), if they
had structura.i damage to the joints that was not considered
to be amenable to physical rehabil itation if inflammation
were to subside, or if they had serious concurrent medical
problems.

Dunng the course of the trial, patients were permit-
ted to cont inue treatment wirh NSAIDs or low-dose corr i -
cosleroids (no more than the equivalent of l0 mg prednisone/
day),  provided that the doses remained stable dur ing the
lreatment per iod.  Increases in NSAID or prednisone dosage
or in i t iat ion of  any other ant i rheumatic therapy represented
protocoI v io lat ions.  Pat ients were required to discont inue
DMARDs at the start of the trial, with no mandated washout
per iod.

Patients who met all entry criteria were enrolled and
began treatment wi th CCII  for  a 3-month per iod.  Al l  pat ients
and their  parents were required tr :  s ign an informed consent
fbrm detai l ing protocol  procedures,  possible r isks and ben-
ef i ts,  etc.  Treatment consisted of  100 tdday oiCCII  for  the
first month and 500 pglday thereiifter. CCII was provided as
a l iquid suspension in 0. l lv l  acet ic acid at  4 'C and added ro
cold orange ju ice immediatc ly pr ior  to ingest ion.  Doses ancl
technique were the same as those used in the previous tr ia l
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in  adul ts  (12) .  Pat ients  were requi red to  re turn for  month l
v i .s i ts ,  a t  which t ime saf 'e ty  and ef f icacy measurements  wer
ob ta ined .  Pa t i en t s  who  exh ib i t ed  an  i n i t i a l  pos i t i ve  respons
but  subsequent  worsening af ter  the in i t ia i  3-month t reatmer
period were considered for fur-ther treatment with the stud
medicat ion,  on a case-by-case bas is .

Clinical eff i .cacy was assessed by ascertaining painf i
and swol len jo in t  counts  and jo in t  scores accord ing to  lh
method of  Weinb la t t  e t  a l  (14) ,  eva luat ing a  to ta l  o f  5
diarthrodial joints for pain/tenderness and 52 joints fc
swell ing;-duration of morning st i f fness, grip strength, 50-ioc
walk ing t ime,  and pat ient iparent  and phys ic ian g lobal  score
of  d isease act iv i [y  a t  each v is i t .  Laboratory  data.  inc lud in
complete  b lood ce l l  count  (CBC),  ery throcyte  sed i r . rentar io
rate (ESR), rheumatoid factor (RF) level,  and serum Ig(
ant ibod ies to  type I I  co l lagen (12) ,  were recorded at  base l in
and afier 3 months of therapv.

R,ESULTS

All l0 patients who enrolled and began stud
medication completed the ful l  3 months of treatment
There were 5 gir ls and 5 boys, with a mean age of 10.
years and a mean disease duration of 4.3 y'ears. Th
disease onset type was polyart icular in 3 patients
pauciart icular in 3 patients, and systemic in 4 patient:
Four  pat ients had prev iously  been t reated rv i t
DMARDs, and t had been treated by his parents ' , ,r i t

a variety of herbal rnedications. Patient 6 discontinue
azathioprine I day prior to beginning therapy rvit
CCII,  but no other patients were taking DMARDs a
the t ime of enrol lment. Six of the l0 patients rece ive
concomitant stabie doses of biSAIDs and/or iow-dos
prednisone during the study period (aiong w' i th acet
aminophen in 1); I  patient continued to take acetamir
ophen, and 3 patients took no concomitant rnedica
tions for their arthri t is. Eight of the i0 patients were i
Steinbrocker functional class II  (15) at stuciy entr).
and the rernaining 2 patients (patients 2 and 9) were i
class II I .  HLA typing was not performed. Demc
graphic and clinical features of the patients are pre
sented in  Table 1.

Eight patients had reductions in both swolle:
and tender joint counts after receiving CCII frrr
months. The mean changes from baseline in swolle:
and tender joint counts for the 8 responders at the en,
of  the study were -61% and -54%o, respect ive ly .  S i .
patients had >33% reduction in both swollen &rr
tender jo int  counts.  Ind iv idual  pat ient  va lues for  swol
len and tender joint counts at basel ine irnd after
months of therapy are shown in Figure l .  The t ime t,
onset of response for the l0 patients was 'r :rr iable. tr ,
pat ient  l ,  a lmost  a l l  o f  the improvement  was achieve,
within I  month of the init iat ion of treatment. but th
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TabJe l .  Demographic and c l in ical features of  the patients with juveni le rheumatojd arthri t is (JRA)*

Pat ient  Age/sex
Years of Onset

JRA subtype
Prior

DMARDs
Concomitant
medicat ion

I

2
J/.+

t z /  f

t2/F
t4lM
9/F

11/M
t|/M
t3lM
6/ l

9/F

I 0/M

I
r 0

0.5

Poly
Systemic
Pauci
Systemic

Pauci
Systemic
Pauci
Poly
Systemic

Poly

nrrrx, u-q
l

SSZ
MTX, AZA, AUR
MTX

Napr. 350 mg rwice a day

Nlp.. 250 mg twice a day,
Pred, 2.5 msldav

Ibu.  1 ,800 ms/=dav '
Pred. 2 mgtdiy
Ibu. 800 mg/day

Pred, 5 rng tw-ice a day,
acetaminophen

Acetaminophen

5
6
7
8
9

J O

J
1

)l.t

2
5 .5

9
* Poly : polyarticular;Napr. = naproxen; MTX : methotreilfi: pauciarticuiar; Pred. = prednisonei SSZ ;,"ff"r"i"?ir.l iUr.AUR = auranofin.

HC..Q = hydroxychloroquine; pauci
= IDuproIen: AZA = azathioprine;

,t::T:_nad 
been rreared wirh herbal remedies prior to the

! r  v g r r l r 9 l l L .
initiation of chicken t1,pe Ii collagen

response occurred more srowry in other patients. onaverage for all 10 patients, tire percentus. 
-or 

totarimprovernent in swoten and tender :" ir t  countsachieved after onry 1 month of treatment was 35vo and49Vo, respectively.
Swollen and tender joint scores decreased frornbaseline in 9 of the 10 patlents. The mean reductionsfgr a! 10 subjects in swoilen and tender joint scoresafter 3 months of therapy were 43Vo and slVo, respec-tively. These results are-shown in Figu re Z.

.. .. M.un valtres for morning stiffness and 50-footwalking time showed improvement from baseiine.Clinical.efficacy results foi these parameters are pre-sented in Figure 3. Although giip strengih is norconsidered to be a reriabre miasure-in child-ren, meanvalues in right and ieft grip srrengrh for th; i0;;ients

did show a slight improvement from baseline to 3months (data not shown). In addition, mean patientand physician gJobal assessment scores also improvedcompared with baseline. One patient (patieni'+; t uOtotal resolution_of arthritis by the end of treatrnent andhas subsequentry been abre to discontinue alr medica-tions with no return of symptoms during a lL_monthfollowup period. No significant trends in any hemato-logic parameters, including CBC and ESR, *ri" noted
9"r1rg the study. NoL. ofthe parienrs ,.rrrJposirive
for RF or collagen antibodi.s piior ro or on compretion
of treatment.

CCII was well tolerated. Mi]d, transient skinrashes were nored in 4 patienrs during rhe ;;;t; in 3,the rash did not seem to be related to tha studymedication, and in no instance did the .uuh prompt
A ) r s
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Figure l. Swollen and
at baseline and after 3
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tender joint counts for individual
months of treatment with chicken

patients. The number of swollen (A) and
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1  ?  3  4  5  6  7  I  9  1 0

ps l ten t  #

F igure  2 .  Swol len  and tender  jo in t  scores  fo r  ind iv idua l  pa t ien ts ,  Swol len  (A)

and a f te r  3  months  o f  t rea tment  w i th  ch icken type I I  co l lagen are  shown.
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interuption of therapy. In 1 patient, an erythematous,
pruritic rash was present on the legs at the time of
study entry. This rash appeared to worsen during the
first month of the trial, but it then resolved without
specific therapy while the patient continued to take
CCil. Two other patients reported transient erythern-
atous rashes (not observed by the investigator) which
were believeci to be related to new soap or new
iaundry detergent. Facial flushing, which occurred 20
rninutes after ingestion of CCII and lasted l-2 hours,
was noted by 1 patient during the initial 2 weeks of
treatment, but subsequently resolved spontaneously.

Patient 6 had a history o{ chronic hepatitis C at
the time of study entry. During the second month of
the trial period, the findings on routine blood tests
performed by his personai physician were notable for

A )

elevated transaminase levels. F{is only symptorn i i
that t ime was an increase in fat igue. One week iater
when his transaminase levels were found to have i-iser
further, he underwent a l iver biopsy. This reveale,
miid chronic active l iepati t is similar to that exhibitei
on a previous biopsy performed in 199i. and i t  wa:
decided that his dosage of oral cort icosteroids shoulc
be increased. Repeat l iver function tests (LFTs) per
formed the day prior to the initiation of high-dosi
prednisone treatrnent demonstrated spontaneous im.
provement in his transaminase values to <5096 of their
peak levels, but this test result became avai lable onl l
after the patient had taken one 20-mg dose of prei
nisone. The patient discontinued high-dose prednisone
after this single dose, and his LFT f indings rerurned rc
normal within 1 week and subsequentlv remainec

c f ,

b a  c e l l f  l € m o n t h  3

S0-foot  walk ing t ime) at  basel ine and af ter  3 months of  t rearmenr
the  g raphs  nex t  to  the i r  respec t i ve  p lo t  marke rs .
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Figure 3.  Secondary ef f icacy paramerers (A,  morning st i f fness;  B,
ch icken  t ype  I I  co l l agen .  Ind iv idua l  pa t ien t  numbers  a re  shown on

t i 0

, l , E
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normal for the duration of the study. At no time during
this period was his CCII therapy interrupted, and this
transient rise in LFT values was not believed to be
related to the study medication. Of note, since the
cohclusion of the trial, the patient has had another
sirnilar episode of transient transaminitis while not
taking CCII.

After conclusion of the study protocol, a sec-
ond 3-month course of CCII was requested for and
provided to 4 patients (patients 1 ,2,7, and 8). patient
4 was examined 14 months after study completion, at
which time it was confirmed that she remained com-
pletely free of any symptoms of arthritis with no
rnedications, had no tender or swollen joints, and had
normal laboratory values.

DISCUSSION

Oral tolerization is a well-recognLzed phenom-
enon in which the oral administration of antigen in-
duces peripheral immune tolerance to the fed antigen
(7). The utiiity of oral tolerization as a trearment
rnodaiity for a variety of autoimmune diseases, includ-
ing RA (12), multiple sclerosis (16), type I diaberes
mellitus (17), and uveitis (18), is currently under active
investigation. To date, no significant adverse events
have been noted in any animal or hurnan study of oral
tolerance, and the simpiicity and apparent safety of
this forrn of treatment make it extremely appealing in
these chronic, disabiing diseases.

Based on results of anirnal studies, the mecha-
nism responsible for oral toierance varies depending
on the dose of fed antigen, with low doses inducing
active suppression and high doses resulting in cionar
anergy (8). The regulatory cells that orchestrate active
suppression act via the secretion of suppressive cyto-
kines, such as transforming growth factor p and inter-
leukin-4 (19), Experiments in animals support the
notion of the generation of regulatory lymphocytes in
Peyer's patches which subsequently migrate to mes-
enteric lymph nodes and spleen (20).secretion of
regulatory cytokines by these cells in vitro is depen-
dent on antigen-specific stimulation with the fed anti-
gen (21). Thus, i t  is presumed that act ive'suppression
of inflammation by these regulatory lymphoCytes re-
quires further migration of these celis to a local mi-
croenvironment, where the fed antigen is present.

Because the regulatory cells generated by oral
tolerization are primed in an antigen-specific manner
but suppress in a non-antigen,specific manner, they
mediate "bystander suppression" when they encoun-
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ter the fed autoantigen at other sites. This phenome-
non of bystander suppression has been demonstrated
i n  e x p e r i m e n t a l  a u t o i m m u n e  e n c e p h a l o m y e l i t i s
(EAE), a cel l-mediated autoimmune disease rhat
serves as an animal model for mult iple sclerosis. EAE
can be induced by immunization with myelin basic
protein (MBP) or proteolipid prorein (PLP). Oral ad-
ministrat ion of MBP has been shown to suppress both
MBP- and PlP-induced EAE (ZZ). Similarly, oral
administration of type II collagen has been shown to
ameliorate RA induced in animal models by immuni-
zation with either Freund's complete adjuvant (11),
CCil (9,10), or methylalied bovine serum albumin (23).
Thus, it may not be necessary to identify the target
autoantigen for a given disease. it is necessary only to
orally administer a protein which is present at the site
of inflammation and which is capable of inducing
regulatory celis to secrete suppressive cytokines.
These findings have important impiications for the
use of oral tolerance as a therapeutic approach for
the treatment of T cell-mediated inflammatory auto-
immune diseases in humans in which the inciting auto-
antigen is unknown or in which there is autoreactivity
to multipie autoantigens in the target tissue.

Alternatively, a dominant pathway for oral tol-
erance may involve T cell anergrzation (24,25).In this
case, the induction of oral tolerance would be pre-
sumed to result in disease suppression only when the
fed antigen is also the target autoantigen for the
disease under study. The demonstration of a sustained
remission of arthritis in 1 of our 10 patients might
arguably be more consistent with this 1atter view,
based on the longevity of her response. However, this
would imply that type II collagen was the disease-
specific autoantigen in her case, and while collagen
reactivity can be demonstrated in some patients with
RA, it is unknown whether this is actually involved in
the primary pathogenesis of the disease or merely
reflects tissue degradation.

The present study demonstrates that oral CCII
may be a safe and effective fcrrm of treatment for JRA.
The most remarkable improvements in clinical param-
eters of arthritis were noted in parients I and 4, both of
whom were girls with reiativelv recent onset of dis-
ease. Patient t had polyarticular onset, whereas pa-
tient 4 had systemic features of fever and rash in
addit ion to polyart icularjoint involvement at onset. Of
note, of the 3 boys with pauciart icular onset of dis-
ease, 2 experienced minimai, if any, benefit from
collagen (patients 5 and 7). As mentioned above, HLA
typing was not performed, but it would be of inrerest
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to know whether these patients were HLA-827 posi-
t ive. I f  this were the case, i t  rnight suggest that type II
collagen is ineffective in the treatrnent of juvenile
spo ndylarthropathies.

In an open-label study, one must always be
concerned about the contribution of the placebo effect,
and this may be even rnore true in a pediatric popula-
tion. Theretbre, conciusions regarding efficacy based
on this pi lot tr ial  would be premature, but nonetheless,
these preliminary data support the assertion that fur-
ther study of oral CCII in the treatment of JRA is
warranted. The observation that 1 patient achieved a
complete remission of her arthri t is is especial ly com-
pelling in this regard and is similar to the experience
observed in a minority of adults treated with CCII (12).
More importantly, as pertains to this pilot study, oral
CCII appears to be extrernely well tolerated in this
pediatr ic patient populat ion. The only adverse event
noted during the study that was beiieved to be related
to the study medication was transient faciai flushing,
which occurred in 1 patient for -2 weeks after colla-
gen treatment was begun. The elevated transarninase
leveis noted in patient 6 during the second month of
the study resolved without interruption of collagen
therapy and were believed to be related to his under-
lying chronic hepatitis C. The combination of favor-
able safety data and promising clinical resuits in this
pilot trial strongly indicate that there should be further
studies of this novel therapeutic agent in the treatment
oi JRA.
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Abstract 

Previous studies have shown that undenatured type II collagen (UC-II) is effective in the 
treatment of rheumatoid arthritis, and preliminary human and animal trials have shown it to 
be effective in treating osteoarthritis (OA). The present clinical trial evaluated the safety and 
efficacy of UC-II as compared to a combination of glucosamine and chondroitin (G+C) in the 
treatment of OA of the knee. The results indicate that UC-II treatment was more efficacious 
resulting in a significant reduction in all assessments from the baseline at 90 days; whereas, 
this effect was not observed in G+C treatment group. Specifically, although both treatments 
reduced the Western Ontario McMaster Osteoarthritis Index (WOMAC) score, treatment 
with UC-II reduced the WOMAC score by 33% as compared to 14% in G+C treated group 
after 90 days. Similar results were obtained for visual analog scale (VAS) scores. Although 
both the treatments reduced the VAS score, UC-II treatment decreased VAS score by 40% 
after 90 days as compared to 15.4% in G+C treated group. The Lequesne’s functional index 
was used to determine the effect of different treatments on pain during daily activities. 
Treatment with UC-II reduced Lequesne’s functional index score by 20% as compared to 6% 
in G+C treated group at the end of 90-day treatment. Thus, UC-II treated subjects showed 
significant enhancement in daily activities suggesting an improvement in their quality of life. 

Key words: undenatured type II collagen, osteoarthritis, glucosamine, chondroitin, WOMAC, vis-
ual analog scale, Lequesne’s Functional Index 

INTRODUCTION 
Arthritis afflicts approximately 43 million 

Americans or approximately 16.6% of the US popula-
tion. The two most common types of arthritis are os-
teoarthritis (OA) and rheumatoid arthritis (RA). OA 
of the knee and hip is a growing health concern and is 
the most common forms of arthritis (1-3). Pain and 

disease can range from very mild to very severe (3). 
Patients with OA have pain that typically worsens 
with weight bearing, including walking and standing, 
and improves with rest (4). Other symptoms include 
morning stiffness and gelling of the involved joint 
after periods of inactivity. Currently, OA affects 



Int. J. Med. Sci. 2009, 6 

 
http://www.medsci.org 

313

nearly 21 million people in the United States, ac-
counting for 25% of visits to primary care physicians, 
and half of all Non-Steroidal Anti-Inflammatory 
Drugs (NSAID) prescriptions. The diverse clinical 
patterns of OA are observed in approximately 10% of 
people older than 60 years thus compromising the 
quality of life of millions of Americans. In addition, 
OA costs the North American economy approxi-
mately $60 billion per year.  

 Current treatment of OA includes exercise, 
heat/cold therapy, joint protection, weight loss, 
physiotherapy/occupational therapy and medica-
tions (3-5). The most common medications include 
acetaminophen and NSAIDs. Although these drugs 
are effective for reducing pain associated with OA, 
they do not reverse the disease. In addition, there are 
considerable side effects associated with the use of 
these drugs. As a result, OA sufferers have turned to 
natural nutraceuticals to ease their pain and discom-
fort. These products are commonly used because they 
are well tolerated and considered safe. Nutraceuticals 
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. Currently, glucosamine and chondroitin 
are the two most commonly used nutraceuticals in 
humans as well as in animals to alleviate pain associ-
ated with arthritis (6). However, recent randomized 
controlled trials and meta-analysis of these supple-
ments have shown only small-to-moderate sympto-
matic efficacy in human OA (7). An emerging novel 
nutraceutical ingredient known as UC-II has received 
considerable attention in the treatment of OA. UC-II is 
a novel undenatured type II collagen derived from 
chicken sternum cartilage. Previous studies have 
shown that undenatured type II collagen is effective 
in the treatment of RA (8-11), and preliminary human 
(12) and animal (13) trials have shown it to be effective 
in treating OA. Obese-arthritic dogs given 4 mg or 40 
mg daily dose of UC-II for 90 days showed significant 
declines in overall pain, pain during limb manipula-
tion and lameness after physical exertion (14). Greater 
improvement was observed with the 40 mg dose. No 
adverse effects or significant changes in serum chem-
istry were noted. Following UC-II 
withdrawal for a period of 30 days, 

all dogs experienced a relapse of overall pain, exer-
cise-associated lameness and pain upon limb ma-
nipulation. Studies have also shown that small doses 
of orally administered undenatured type II chicken 
collagen inhibit killer T-cell attack (15). The present 
clinical trial evaluated the safety and efficacy of UC-II 
in the treatment of the knee in OA patients. 

Materials and Methods   
Study Design 

 This clinical trial (Human Clinical Trial Ap-
proval #06UOHI) was managed by KGK Synergize 
Inc. (London, ON, Canada). The study was conducted 
at two sites: 1) KGK Synergize Inc., and 2) Corunna 
Medical Research (Corunna, ON, Canada). Figure 1 
illustrates the study design while Table 1 lists the 
procedures and observations at each time point. 
 Briefly, at screening (Visit 1) the consent form 
was discussed, signed and a complete physical ex-
amination was performed. Activity level, diet history, 
medication/supplement use and medical history 
were recorded. The VAS score, the WOMAC Index 
and Lequesne scores were obtained. Urine was col-
lected for a pregnancy test for women of childbearing 
potential. A blood sample was taken for determina-
tion of uric acid, CBC count and differentiation, al-
bumin, total protein, sodium, potassium, chloride, 
BUN, creatinine, ALT, AST, bilirubin, erythrocyte 
sedimentation rate (ESR) and rheumatoid factor. 
Upon review of blood test results, eligible subjects 
were instructed to get an X-ray of the affected knees to 
confirm diagnosis. A total of 52 subjects were re-
cruited using the inclusion and exclusion criteria out-
lined in Table 2. At the first treatment visit (Visit 2), 
selected subjects were randomly assigned to receive 
UC-II (n = 26) or glucosamine HCl plus chondroitin 
sulfate (n = 26, G+C). On each test day (day 0, 30, 60, 
90), subjects were required to come to the clinic for 
clinical assessment. The clinical assessments included 
WOMAC, Lequesne’s functional index and 100-mm 
VAS pain scores. A subject treatment diary was com-
pleted by each patient throughout the study period to 
determine side effects, medication use, and product 
compliance.  

 
 

Figure 1. UC-II clinical study design. 
The study was a two-site, randomized, 
double-blind study conducted in Lon-
don, Ontario and Corunna, Ontario, 
Canada. 
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Table 1. Schedule of observations and procedures 

Procedure Visit 1 
Screening 

Visit 2 
Day 0 

Visit 3 
Day 30 

Visit 4 
Day 60 

Visit 5 
Day 90 

Informed consent X     
Review inclusion/exclusion X X X X X 
Medical history including activity level and diet history X     
Physical examination X     
Biometric measurements: 
Weight, height*, heart rate and blood pressure. 

X X X X X 

Urine pregnancy test X     
Concomitant medications X X X X X 
Blood samples: 
Uric acid, CBC count and differentiation, albumin, total 
protein, sodium, potassium, chloride, BUN, creatinine, 
ALT, AST, bilirubin, ESR, rheumatoid factor  

X    X 

WOMAC, VAS and Lequesne scores X X X X X 
X-ray X     
Randomization  X    
Blood sample: ALT, AST, bilirubin, albumin. 
 

  X† X†  

Knee flexion, Time to walk 50m, Swelling in the knee joint, 
Time for climbing 10 steps 

 X X X X 

Physician's Global Assessment  X X X X 
Subject's Global Assessment  X X X X 
Investigational Product dispensed  X X X  
Subject Treatment Diary dispensed  X X X  
Investigational Product returned 
Compliance calculated 

  X X X 

Subject Treatment Diary returned   X X X 
Adverse Events    X X X 

* height was only measured at visit 1 
† If acetaminophen use was greater than 2 g/day for more than 7 days 

 

Table 2. Inclusion and exclusion criteria 

Inclusion Criteria 
Males and females 40-75 years old 
Females of childbearing potential must agree to use a medically approved form of birth control and have a negative urine pregnancy test 
result 
Unilateral or bilateral OA of the knee for greater than 3 months (American College of Rheumatology criteria) confirmed by radiologist's 
report, i.e. X-rays showing osteophytes, joint space narrowing or subchondral bone sclerosis (eburnation) 
Erythrocyte sedimentation rate (ESR) < 40 mm/hr 
Moderate OA as indicated by Lequesne’s functional index score of 4.5-7.5 after 7 day withdrawal of usual medications 
Able to walk 
Availability for duration of study period (3-4 months) 
Subject using other therapies for OA, such as exercise, heat/cold therapy, joint protection and physiotherapy/occupational therapy agrees 
to continue these therapies as normal avoiding changes in frequency or intensity and to record therapies in the study diary 
Subject agrees not to start any new therapies for OA during the course of the study 
Able to give informed consent 

Exclusion Criteria 
History of underlying inflammatory arthropathy; septic arthritis; inflammatory joint disease; gout; pseudogout; Paget's disease; joint frac-
ture; acromegaly; fibromyalgia; Wilson's disease; ochronosis; haemochromatosis; heritable arthritic disorder or collagen gene mutations or 
rheumatoid arthritis 
History of asthma, history of diabetes (Type I or Type II) 
Hyperuricemia (urate, males > 480 umol/L, females > 450 umol/L) 
Expectation of surgery in the next 4 months 
Recent injury in the area affected by OA of the knee, i.e. meniscal tear (past 4 months) 
Cartilage reconstruction procedure in the target knee 
Severe OA as indicated by Lequesne’s functional index score of 8 or greater, after 7 day withdrawal of usual medications 
Intra-articular corticosteroid injections in the target knee within the last 3 months 
Viscous injections in the target knee within the last 6 months 
Hypersensitivity to NSAIDs 
Abnormal liver or kidney function tests (ALT or AST > 2 times the upper limit of normal; elevated creatinine, males > 125 umol/L, females > 
110 umol/L)  
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Abnormal findings on complete blood count 
History of coagulopathies, history of peptic ulceration and upper GI hemorrhage 
Uncontrolled hypertension 
History of congestive heart failure, history of allergic reaction to chicken and/or eggs 
History of allergic reaction to local anesthetic or to any ingredients in the test product including shellfish  
Hyperkalemia (potassium > 6.2 mmol/L) 
Anticipated problems with product consumption 
History of cancer as well as gastrointestinal, renal, hepatic, cardiovascular, hematological, or neurological disorders 
High alcohol intake (>2 standard drinks per day) 
Pregnant, breastfeeding or planning to become pregnant during the study 
History of psychiatric disorder that may impair the ability of subjects to provide written informed consent 
Use of other natural health products, including glucosamine and chondroitin, one month prior to study and during the study, other than 
multivitamin and mineral supplements containing vitamins and minerals as the sole medicinal ingredients 
Use of concomitant prohibited medication (narcotics, oral NSAIDs, topical NSAIDs) within four weeks of randomization 
Use of acetaminophen or ibuprofen within 7 days of randomization 
Subject is unwilling to stop taking pain medication other than the study medication (for arthritis or other types of pain) or is unwilling to 
stop taking other medications for the treatment of OA 
Any other condition that, in the opinion of the investigator, would adversely affect the subject's ability to complete the study or its measures

 
 

Supplements 
 Each UC-II (InterHealth Nutraceuticals, Inc., 

Benicia, CA) capsule contained 20 mg UC-II stan-
dardized to 5 mg of bioactive undenatured type II 
collagen. Subjects in the UC-II group were instructed 
to take two “sugar pills” in the morning to protect 
blinding and two UC-II capsules in the evening ac-
counting for a daily dose of 40 mg UC-II containing 10 
mg of bioactive undenatured type II collagen.  

 Each G+C capsule contains 375 mg of 
glucosamine HCl (USP Grade) and 300 mg of chon-
droitin sulfate (USP Grade). The subjects were in-
structed to take two G+C capsules in the morning and 
two in the evening for a daily dose of 1500 mg gluco-
samine and 1200 mg chondroitin.  
Removal of Patients from Therapy or Assess-
ment 

The criteria for removal of patients from the 
study included: 
Adverse events 

 For any adverse event, patients were examined 
and appropriately managed or the patients would be 
referred to another medical professional for proper 
evaluation and treatment. If medical problems were 
attributed to the trial compounds, then the trial drugs 
were discontinued and the toxicities were reported. 
Personal reasons 

 As stated in the Consent Form, subjects were 
able to withdraw from the study for any reason at any 
time. 
Clinical judgment of physician 

 Subjects were withdrawn from the study 
(without penalty) if, in the opinion of the treating 
physician, it was not in the patient’s best interest to 

continue. For instance, if during the course of the 
study a patient became pregnant, she would be with-
drawn from the study because it was not known how 
the study compounds/medications might affect an 
unborn child. 
Protocol violation 

 Any subject found to have entered this study in 
violation of the protocol or failed to follow the study 
protocol were discontinued from the study at the 
discretion of the Principal Investigator. Subjects were 
withdrawn for protocol non-compliance if they ad-
hered to the dosing schedule less than 75% of the 
time. 
Method of assigning patients to treatment groups 

 Patients were assigned to treatment groups (or-
der of treatments) using computer-generated ran-
domization tables. Patients were not stratified or as-
signed using any other specific method and were not 
randomized after stratification or blocking proce-
dures. 
Selection of doses in the study 

 The justification for the daily dose of 40 mg 
UC-II in capsules (providing 10 mg of undenatured 
collagen II) is based on efficacy demonstrated in ear-
lier studies (8,9). 
Blinding 

  In order to protect blinding, subjects were 
given bottles containing product labeled with “AM” 
or “PM” to distinguish the time in which treatment 
was to be taken. Each bottle contained descriptions of 
all potential products to ensure blinding was pro-
tected. Additionally, each bottle was labeled with a 
randomization number. In the event that an adverse 
effect was considered serious and related to the in-
vestigational product, the blind would be broken for 
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that individual subject.  
 Neither the patient, nor investigator, nor re-

search staff, were aware which test compound the 
subject was assigned. Interim analysis was performed 
in order to write a preliminary report and thus pre-
liminary unblinding occurred by an individual unre-
lated to the study conduct. Personnel related to 
analysis, statistics, and report writing remained 
blinded. 
Prior and concomitant therapy 

 Uses of medications such as narcotics, oral 
NSAIDS, topical NSAIDS within four weeks of ran-
domization and during the study, were not allowed.  
Treatment compliance 

 Compliance was assessed by capsule count at 
visits 3, 4, and 5 and review of subject diary.  
Efficacy and Safety Variables 

Efficacy and safety measurements assessed 

Adverse events 

  During the study, subjects recorded adverse 
effects in their subject diary. At each visit, the subjects 
were asked if they experienced problems or difficul-
ties. Any adverse events were documented and re-
corded in the study record and was classified ac-
cording to the description, duration, severity, fre-
quency, and outcome. The investigator assessed the 
adverse events and decided causality. Classifications 
were as per the Coding Symbol Thesaurus of Adverse 
Reaction Terms (COSTART) U.S. Food and Drug 
Administration (16).  
Blood tests 

 Blood samples were taken from all subjects 
during screening (visit 1) and at end of study (visit 5). 
Blood samples (approximately 15 ml) were taken from 
subjects at day 30 and day 60 (visits 3 and 4) for the 
determination of ALT, AST, bilirubin, and albumin if 
the subjects had been taking acetaminophen greater 
than 2 g/day for more than 7 days. All blood samples 
were analyzed by MDS Laboratory Services (London, 
Ontario, Canada). 
Appropriateness of Measurements 

 The efficacy and safety assessments used in this 
study were standard for OA and are widely used and 
recognized as reliable, accurate, and relevant. 
 WOMAC scores were determined, at screening, 
and baseline, as well as at days 30, 60 and 90 as de-
scribed in Bellamy et al (17). Other objectives also 
performed at days 0, 30, 60 and 90 included determi-
nation of Lequesne’s functional index, VAS pain 
scores, knee flexion, time to walk 50 m, time to climb 

10 steps, physician’s and subject’s global assessment. 
The Lequesne’s functional index is described in Le-
quesne et al. (18). 
Statistical Methods 

 Sample size of 25 subjects per group was based 
on the subject number used in Braham et al. (1). To 
compare UC-II with G+C group, a linear contrast was 
included in the analysis of variance. Data missing 
subsequent to 30 days were imputed using the 
last-observation-carried forward technique. Further-
more, comparisons between the UC-II and G+C 
groups were made at each visit using analysis of 
variance, using the baseline visit as a covariate. SAS 
version 9.1 has been used to perform the statistical 
analysis. Probability values less than 0.05 were con-
sidered statistically significant for between-group 
comparisons.  

 

Results  
Baseline Statistics and Compliance of Trial Sub-
jects 

 Demographic and baseline characteristics of pa-
tients are summarized in Table 3. Overall, the patient 
profiles with respect to age, sex, height, weight, blood 
pressure, heart beat and target knee were similar be-
tween both treatment groups. Table 4 shows treat-
ment compliance of the trial patients. There were no 
significant interaction terms or between-group dif-
ferences for compliances. When compliances were 
compared at each visit, there were no overall be-
tween-group differences among the two treatment 
groups. 

 
 

Table 3. Demographic and baseline characteristics of the 
trial subjects 

 UC-II (N=26) G + C (N=26) 
Age (years) 58.9 ± 9.79 58.7 ± 10.3 
Sex: male/female (%) 13/26 (50%) 17/26 (65%) 
Height (cm) 167.7 ± 9.90 167.0 ± 8.73 
Weight (kg) 84.3 ± 17.4 86.6 ± 21.0 
Systolic Blood Pressure 
(mm) 

128.2 ± 9.36 126.3 ± 12.5 

Diastolic Blood Pressure 
(mm) 

81.9 ± 7.43 79.7 ± 8.60 

Heart Rate (bpm) 68.2 ± 7.72 67.4 ± 8.47 
Target knee   

Left; n (%) 16 (61.5%) 13 (50%)  
Right; n (%) 10 (38.5%) 13 (50%) 

Where applicable, values are expressed as mean ± SD 
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Table 4. Treatment compliance as assessed during speci-
fied visits 

Treatment Group Visit 
UC-II G + C 

AM Capsule Compliance 
Visit 3 [25] 90.5 ± 19.2 [25] 93.6 ± 11.5 
Visit 4 [24] 93.2 ± 9.66 [26] 94.5 ± 11.8 
Visit 5 [23] 98.5 ± 5.15 [26] 93.3 ± 11.0 
PM Capsule Compliance 
Visit 3 [25] 88.1 ± 18.7 [25] 92.5 ± 12.5 
Visit 4 [24] 92.8 ± 8.97 [26] 91.6 ± 12.3 
Visit 5 [22] 95.3 ± 9.92 [26] 89.7 ± 12.6 

There were no significant interaction terms and between-group 
differences for compliances. When compliances were compared at 
each visit, there were no overall between-group differences among 
the five treatment groups. Values are expressed as [n] mean ± SD. 

 
WOMAC Score 

 The interaction between visit and treatment was 
significant in UC-II treated group for "pain walking 
on flat surface" (p=0.034), "difficulty walking on flat 
surface" (p=0.038) and "performing heavy domestic 
duties" (p=0.031) as compared to G+C treated group. 
There was evidence that UC-II treatment has a sig-
nificant effect for “ascending stairs” (p=0.013) as 
compared to G+C treatment. Additionally, when 
groups were compared at each visit, UC-II was sig-
nificantly better than G+C for “ascending stairs at 30 
days and 60 days” (p=0.019 & 0.040 respectively), “at 
night while in bed” (p=0.015) at 60 days and difficulty 
walking on flat surface at 90 days (p=0.035). There 
were no further statistically significant differences for 
any other individual WOMAC components or sum-
mary scores. Treatment with UC-II was most effective 
and reduced the WOMAC scores by 33% 

compared to 14% in (G+C)-treated groups after 90 
days. Within-group analysis indicated that treatment 
with UC-II for 90 days significantly (p<0.05) im-
proved WOMAC scores at all treatment time points 
measured. In contrast, subjects received G+C did not 
show any statistical significant change in WOMAC 
scores at Day 90 of treatment (Fig. 2). 
VAS Score 

 The interaction between visit and treatment was 
non-significant for all VAS components and summary 
scores. However there was evidence that UC-II 
treatment had a significant effect for “pain during 
climbing up and down stairs”, “night pain” and 
“resting pain” (p=0.035, 0.030 and 0.024 respectively). 
When groups were compared at each visit, UC-II was 
significantly better than G+C for “night pain” 
(p=0.040) and “resting pain” (p=0.020) at 60 days and 
“pain during climbing up and down stairs” (p=0.014) 
and “resting pain” at 90 days (p=0.034). There were no 
between-group differences for any of the VAS com-
ponents or summary scores. Although both the 
treatments reduced the VAS score, UC-II was found to 
be more effective with a 40% decrease after 90 days of 
treatment compared to a 15% decrease in G+C treated 
groups.  

 Within-group analysis indicated that subjects on 
UC-II showed a significant reduction in total VAS 
scores at Day 60 and Day 90 as compared to baseline. 
However, subjects on G+C showed a significant re-
duction in total VAS scores at Day 30 and no signifi-
cant difference was observed at either Day 60 or Day 
90 as compared to baseline (Fig. 3).

 

Figure 2. Changes in WOMAC scores at Day 
90 from baseline. WOMAC scores from each 
treatment group were compared to baseline 
value at specified time points. Each bar presents 
mean ± SEM. *p<0.05, **p<0.005 indicate sig-
nificantly different from baseline. 
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Figure 3. Changes in VAS score at Day 90 from baseline. VAS scores from each treatment group were compared to 
baseline value at specified time points. Each bar presents mean ± SEM. **p<0.05 indicates significantly different from baseline. 

 
 
 

Lequesne Score 
 The Lequesne’s functional index was used to 

determine the effect of different treatments on pain 
during daily activities. The interaction between visit 
and treatment was non-significant for all Lequesne’s 
components and summary scores. Furthermore, there 
were no between-group differences for any of the 
Lequesne’s components or summary scores. However 
there was evidence that visit has a significant effect in 
UC-II treated group for “pain while up from sitting” 
and “maximum distance walked” (p=0.036 and 0.002 
respectively) as compared to G+C treated group.  
There was as a strong trend toward UC-II efficacy. 
UC-II treatment effectively reduced Lequesne’s func-
tional index score by 20.1% as compared to 5.9 % by 
G+C treatment.  

 Within-group analysis suggested that subjects 
on UC-II demonstrated a significant reduction in total 
Lequesne’s index of severity score from baseline to 
Day 90, whereas no significant difference from 
baseline was observed for subjects on G+C at any 
treatment time points evaluated (Fig. 4). 

 
 

 

Figure 4. Changes in Lequesne’s functional index at Day 
90 from baseline. Lequesne’s functional index from each 
treatment group was compared to baseline value at 
specified time points. Each bar presents mean ± SEM. 
*p<0.05 indicates significantly different from baseline. 

 

Adverse Events 
 Adverse effects that occurred during the 90-day 

trial period are summarized in Table 5. Overall, there 
were 58 adverse events noted in the subjects receiving 
G+C treatment, whereas, only 35 adverse events were 
observed in UC-II group. In terms of severity, 60% of 
mild and 38% of moderate adverse events were ex-
perienced by subjects on G+C in comparison to 43% 
and 54% by subjects on UC-II. In relationship to test 
product a higher number of subjects (23%) on G+C 
demonstrated adverse events possibly related to 
product as compared to 11.4% of subjects on UC-II. 
For UC-II the possible adverse events related to 
products were constipation and headaches (intermit-
tently). For G+C the possible adverse events related to 
products were bloating, stomach pain, rash, water 
retention (edema around eyes and scars), hives on 
face and chest, and headache. However, there was no 
significant difference in the occurrence of adverse 
effects between the two treatment groups. 
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Rescue Medication 
 A greater percentage of subjects used rescue 

medication while on G+C as compared to UC-II at 
every time point assessed. From baseline to Day 30 a 
total of 8 subjects (33.3%) on UC-II used rescue 
medication as compared to 23 subjects (88.5%) on 

G+C. From Day 30 to Day 60, 13 subjects (54.2%) on 
UC-II used rescue medication as compared to 21 sub-
jects (80.8%) on G+C. Fourteen subjects (63.6%) on 
UC-II used rescue medication as compared to 19 sub-
jects (79.2%) on G+C from Day 60 to Day 90.  

 

Table 5. Summary of analysis of adverse events in all subjects 

Treatment Group  
UC-II (n=26) G + C (n=26) 

Severity (n) 

Mild 15 35 
Moderate 19 22 
Severe 1 1 
Relationship to Test Article (n) 

Not related 17 20 
Unlikely 14 30 
Possible 4 8 
Probable 0 0 
Most Probable 0 0 
Body System (n) 

Pain 10 17 
Gastrointestinal 5 15 
Musculoskeletal/Soft Tissue 7 5 
Neurology 0 2 
Pulmonary / Upper Respiratory 2 1 
Hemorrhage/Bleeding 2 1 
Blood/Bone Marrow 2 1 
Dermatology/Skin 2 3 
Allergy / Immunology 0 1 
Infection 1 3 
Lymphatics 0 1 
Hepatobilary / Pancreatic 0 0 
Renal / Genitoruinary 0 0 
Constitutional Symptoms 2 3 
Syndromes 1 1 
Auditory/Ear 0 1 
Ocular / Visual 0 1 
Metabolic / Laboratory 1 2 
Total Number of Adverse Events Experienced During Study (n) 35 58 
Total Number of Subjects Experiencing Adverse Events: n (%) 16/26 (61.5%) 20/26 (76.9%) 

 

Discussion  
OA is the most common form of arthritis, and it 

is often associated with significant disability and an 
impaired quality of life. Clinical and radiographic 
surveys have found that the prevalence of OA in-
creases with age from 1% in people <30 years to 10% 
in those <40 years to more than 50% in individuals 
>60 years of age (19). Although there are no curative 
therapies currently available for OA, individualized 
treatment programs are available to help relieve pain 
and stiffness, and to maintain and/or improve func-
tional status.  

 In the last few years, various nutritional sup-
plements including chondroitin, glucosamine, avo-

cado/soybean unsaponifiables and diacerein have 
emerged as new treatment options for osteoarthritis 
(20). In this study, the efficacy of UC-II was studied in 
patients identified with moderate to severe OA. The 
objective of this study was to determine the effect of 
UC-II on disease specific measures and blood meas-
ures of OA of the knee compared to G+C. It was hy-
pothesized that UC-II would reduce symptoms of OA 
of the knee to a greater extent than G+C.  

 A meta-analysis of 20 randomized control stud-
ies (2570 patients) comparing the effects of glucosa-
mine (glucosamine sulphate, GS or glucosamine HCl, 
GH) vs. placebo was done. Of these only eight studies 
met the required controlled conditions for adequate 
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allocation concealment and received a quality score of 
4 or higher (rated on the JADAD scale). These studies 
failed to show the benefit of glucosamine (GS or GH) 
for pain and WOMAC function. When all 20 studies 
were included in the meta-analysis, the results fa-
vored glucosamine with improvement in pain and 
functionality; however, the results were not uniformly 
positive and the parameters for WOMAC pain, daily 
function and stiffness did not reach statistical signifi-
cance. Combinations of glucosamine and chondroitin 
have been studied in the “GAIT” study. These authors 
reported that glucosamine HCl and chondroitin sul-
phate alone or in combination did not reduce pain 
significantly in patients with OA of the knee. How-
ever in a subgroup of patients with moderate to se-
vere knee pain the combination of compounds were 
found to be effective. Limitations to this study in-
cluded a high rate of response to placebo (60.1%) and 
the fact that 78% of the participants were in the mild 
pain subgroup (21).  

 Previous studies have shown that UC-II is effec-
tive in the treatment of RA (8-11), and preliminary 
human (12) and animal (13-15) trials have shown it to 
be effective in treating OA. In obese-arthritic dogs 
given 4 mg or 40 mg per day UC-II for 90 days, sig-
nificant declines in overall pain, pain during limb 
manipulation and lameness after physical exertion 
were noted (15). Greater improvement was observed 
with the 40 mg dose. No adverse effects or significant 
changes in serum chemistry (creatinine, blood urea 
nitrogen, alanine aminotransferase, and aspartate 
aminotransferase) were noted. Following UC-II 
withdrawal for a period of 30 days, all dogs experi-
enced a relapse of overall pain, exercise-associated 
lameness and pain upon limb manipulation. 

 In a recent investigation, efficacy of UC-II was 
evaluated in arthritic horses (22). In this study, groups 
of horses were orally administered with a daily dose 
of placebo, UC-II at 320, 480 or 640 mg, or a combina-
tion of glucosamine (5.4 g) and chondroitin (1.8 g) for 
150 days. Horses receiving placebo did not show any 
improvement in arthritic condition, while those re-
ceiving a daily dose of 320, 480 or 640 mg of UC-II 
exhibited significant reduction in arthritic pain. Al-
though G+C treated group showed significant reduc-
tion in pain compared to baseline values, the efficacy 
was less as compared to that observed with UC-II 
treatment. In fact, UC-II at 480 or 640 mg/day was 
found to be more effective than G+C in treatment of 
arthritic pain in horses. Clinical conditions (body 
weight, body temperature, respiration rate, and pulse 
rate), and liver (bilirubin, GGT, and ALP) and kidney 
(BUN and creatinine) functions were not affected by 
UC-II treatment, suggesting that UC-II is well toler-

ated and does not cause any adverse effects (22).  
 In a preliminary trial of subjects with OA, taking 

a single oral daily dose of 40 mg UC-II on an empty 
stomach prior to bedtime for 42 consecutive days, an 
average of 26% reduction of pain was noted in four of 
five subjects in the study. No side effects were associ-
ated with treatment (12). The precise biochemical 
mechanism involved in UC-II induced pharmacol-
ogical anti-arthritic effects in humans, dogs or horses 
is not clearly established. Type II collagen is the pri-
mary form of collagen contained in cartilage. Type II 
collagen extracts contain the amino acids found in the 
framework of human cartilage. In addition, these 
amino acids are required for the synthesis and repair 
of connective tissue throughout the body. These 
products reportedly aid in reducing the destruction of 
collagen within the body, may provide 
anti-inflammatory activity, and may improve joint 
flexibility (8-12).  

 The current study indicated that both treatments 
reduced the WOMAC scores, which measures the 
difficulty in physical function, stiffness and pain in 
the knee. However, treatment with UC-II was found 
to be more effective in reducing the WOMAC scores 
by 33% as compared to 14% in G+C treated groups 
after 90 days. Similar results were observed for VAS 
scores. Although both the treatments reduced the 
VAS score, UC-II was found to be more effective with 
40% decrease after 90 days of treatment as compared 
to 15.4% in G+C treated groups. The Lequesne’s 
functional index was used to determine the effect of 
different treatments on pain during daily activities. 
Treatment with UC-II reduced Lequesne’s functional 
index by 20.1% as compared to 5.9 % in G+C treated 
groups. Thus, UC-II supplementation showed im-
provement in daily activities suggesting an im-
provement in overall quality of life in the patients 
receiving UC-II. 
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A Double-Blind, Piacebo-controlled, Randornized Trial
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Objective. To investigate the efficacy of oral type
lI collagen in the treatment of early rheunratoid arthri-
tis (R.A).

Methods.l{inety patients with RA (disease dura.
tion <3 years) were treated for 12 weeks with orar
ggsspg_tX collagen at L mg/day (n - 30) or L0
mg/day (n = 30) or with placebo (n = 30), in a
double-blind randomized study.

. Results. There was no signifrcant difference be-
hveen the 3 groups in terms of response to treatment.
However, we observed a highen prevalence of respond-
ers in the type II collagen-treated groups: 7 responders
in the tr 0-mg type II coltragen group and 6 in the l-rng
BrouF, versus 4 in the placebo group. Furtherrnore, 3
patients in the 10-rng type trtr collagen group and I
patient in the 1-mg type II collagen group,- but reo
patients in the placebo group, had very gooO response.
a total of 14 patients had to be withdrawn frorn the
study: 2 because of side effects (nausea) and 12 because
of lack of efficacy.

Conclusion. Only a rninority of patients re-

sponded to treatrnent with oral type II collagen. These
results justify further efforts to identify which patients
will have a good response to such therapy.

Oral toierance therapy has long been recog_
nized as being able to induce peripheral immune
tolerance to specif ic antigen (1,2). Low doses of oral ly
administered antigen favor active suppression of T
cell-mediated immune responses, whereas high doses
can induce peripheral tolerance. Treatment with orally
fed antigens has proved highiy effective in various
animal modeis of human autoimmune diseases, includ-
ing collagen-induced arthritis (3) and acijuvant afthritis
(4), two models that resemble human rheumatoid
arthritis (RA). Type II coilagen has been selected for
use in oral tolerance trials in RA because of its
restricted location in cartilage (and the eye) and its
abundance (5,6), There is no convincing evidence that
collagen itself drives the disease (7,g).

Ant igen-speci f ic  bystander  suppression has
been described in several animal moders as a mecha-
nism of oral tolerance, where the antigen used is not
responsible for the chronic immune response in the
target organ (4,9). Thus, in the case of RA, T celis
primed to type II collagen in the gut would release
suppressive cytokines after a second stimulation by
type II coilagen in the inflamed joint. From animal
experiments, there is evidence that the peripheral
suppression is mediated by Th2 cytokines such as
interleukin-4 (IL-4), IL-]0, and transforming growth
factor F OGFB;, secreted by T cells that ari specifi_
cal ly  act ivated in  the peyer 's  patches of  the gui  1 io i .
Thus, oral toierance can be regarded as one approach
to recti fying imbalance in T cel l  cytokine Ievels.

Although there has been debate in the past
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about  the ro ie of  T ce l ls  in  the pathogenesis  of  RA
{.11 ,121,  there is  now increasing ev i r lence of  the i r
importance.  severa l  invest igators have been able to
cietect T cel l  cytokines in RA synoviai membrane by
molecular  genet ic  ( i3)  or  immunohisto logic  methods
(14,  t5) .  Fuf therrnore,  there is  ev idence that  the Thl
cytokine interferon-7 (IFl'|7) predominates in RA
synorzial membrane ( i j ) ,  as i t  does in animal rnodeis of
other T cel l-mediated autoimmune diseapes such as
mui t ip le  sc ieros is  (16)  and d iaberes mei l i tus (17) .  Thus,
the concept has arisen that Th I cel ls secreting mai ' iy
IFI'I7 are responsible for the chronic irnmune response
against an unknown self antigen. while Th2 cytokines
such as IL-4 and II-- 10 would inhibit  such a immune
response (18). This provides scope for intervention
strategies which aim ai a shif t  from a Thl to a Th2
pattern. In e; iperimental al lergic encephalornyel i i is
(the animai rnodel oi inuit iple scierosis), in non-obese
diabetic mice (the animal moder of diabetes mell i tus),
and in coliagen-induced arthritis (an animal model of
RA), a suppressive effect of Th2 clones (10), iL-4 (19),
and the II--4 gene (20) has been demonstrated. In rhis
context, orai toierance would work via locai produc-
t ion ("bystander suppression") of Th2-type cytokines,
which are beiieved to dovrn-regulate the damaging
effect of arthritogenic Thi cytokines.

Recently, the first clinical trial of oral tiupe II
col lagen in the treatment of RA demonstrated a trend
toward improvement in the type iI collagen-treated
group compared with the placebo group (ZI),The
design of the present study ha,c three important ,liffer-
ences from this earl ier study: l)  only patients with
early R.4. (disease duration s3 years) were i'ciuded;
2) 2 dif ferent doses of rype II  col lagen (1 mg and l0 rng)
were compared with placebo; and 3) instead of chicken
type II  col lagen we used bovine type II  col lagen,
which has a higher homology to human type II  coi la_
gen. In this study we found a si ightly higher response
rate among type II  col lagen-treated patients compared
wi th those who received p lacetro,  especia i ly  in  the l0
mg group, although this ci i f ference was not sienif icanr.

PAT{ENTS AND I\,fETF{ODS

Fatient nec: 'uitrnent and characterist ics. patients were
recru i ted a t  5  rheumato logy c i in ics  in  Ber l in .  Incrus ion
cr i ter ia  were as fo l rows:  r )  i  d iagnos is  o f  RA accord ing to
the 1987 cr i rer ia  o f  the Amer ican co l lege of  Rheumato l ,cgy
i19R, .  former ly ,  the '  Amer ican Rheumat ism Assoc ia t io-n)
(22) ;  2)  d isease durat ion -3  years ;  3)  no t reatment  wi th
d isease-mor l i fy ing anr i rheumat ic  drLrgs (DMARDs)  in  the
prev ious 2 week.s ;  4)  c l in ica l ly  act ivE RA wi th  a i  Ieast  +
swoi len and tender  jo in ts ;  5)  t re t r rment  wi th  a  seconcr- r ine
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drug accord ing to  need asse,ssed by the phys ic ian;  6)  pred
nisolone dosage -7.5 mg/day r lunng ttre ir iat and for the t.
days before the tr ial ,  ancl no int iaart icurar injecrions o
cor t icostero ids dur ing the t r ia r ;  7)  ,J isease onset  bLt r , i ,een th t
ages  o f  l 6  and  65 ;  8 )  pa t i en t ' s  w r i t t en  consen t .

Pat ients  were excruded t iom the s tudy i f  they hac
myocardial insuff iciency, renai insuff iciency ( ierum creari.
n ine >2.0 mg/d l ) ,  d is rurbance of  l i ver  funct ion (a lka i ine
phosphatase >300 unitsr/ i i ter, serum giutarnic oxaioacetic
transaminase [sGOTJ >50 units/ l i ter, or bi i i rubin > 1.5 mg,,
d l ) , .mal ignancy,  or  a  cons iderabty  reduced genera l  s ta te  J i
hea l th  as determined by rhe phys ic ian.

._Design and duration of the stuciy. The study was a
control led, randomized, double-bl ind, phase II  tr ial  that
included 3 groups_c.rf patients: 2 dift-erent dorug. regimens of
orai bovine type II  col lagen ( l  mg and I0 *!;  *. . .  testeci
against piacebo. The pianned study size was i0 patient, p. i
study arm. study duration was 12 weeks. The study protocol
was approved by the ethicai committee of the Kl inikum
Benjamin Frankl in of rhe Freie Universitdt Berl in.

concornitant medication" Al1 patients were treated
w i th  nons re ro ida l  an t i i n f l ammato i y  d rugs  (NSAIDs )
throughout  the tna l .  Any change in  dosage i r  preparat ion
was recorded.

clinical and raboratory assessrnents. All patients weie
examined  a r  0 ,4 ,8 .  and  i 2  weeks  a f t e r  t he  s ta r . t  o f  t r ea rmenr .
The fo l lowing c i in ica l  c l isease var iab les were assessed
\23,24): number of painfui joints (29-joint count), number of
sw.o l len jo in ts  (281oin t  count ) ,  pat ient 's  g iobal  a i iessmeni  o f
pa in  

.on a  iO-po in t  numer icar  ra t ing . .ur . ,  the Funkt ions-
fragebogen Hannover (FFbH; quesi ionnaire for measunng
functional disabi l i ty (zs), patient 's globai urr.rr-.ni"o?
disease act iv i ty  on a lO-po in t  ra t ing s . i ie ,  phys ic ian 's  g lobal
assessment  o f  change in  d isease acr iv i ty  a t  the end of  the
treatment (on a l-ggint__r_ating scale), and erythrocyte sedi_
mentation rate (ESR). we decided ro use the FFbH ques-
t ionnaire for measuring physical function becaui. i t  i .  tn*
best -va l idated ins t rument  for  RA pat ients  l iv ing in  Germany.
The applied version consists of r2 questioris concerning
activi t ies of dai iy l iv ing. patienrs answer on a 3-point scale:
!  

:  y . r ,  2  :  yes but  wi th  d i f f icu l ty ,  3_ :  no or  on ly  wi th  he lp .
Based on these responses,  a  score o f  0  (no funct ion)  to  r \avo(un impai red funct ion)  is  generated.  The Ri tch ie 'ar r icu iar
index (RAI) (26), duration of morning st i f fness, r. , tp strength(mean value of 3 measurements with a Mart in v"igorimeter),
rheumatoid factor (RF), and c-reacrive protein r inpl levels
were also documented. Radiographs obiained at study entry
were rev iewed re t rospect ive ly  by one e;<aminer .

RF was derermined by quant i ta t ive nephelometr ic
measuremenr  o f  la tex aggiu t inat ion (N Larex I iF ;  Behr ing
AC, Marburg, Germany). A levei >40 units *u, ,rgoided as
pos i t ive .  CRP was dererminer i  by  quant i ta t ive nephElometr ic
measurement  (N Latex CRp reagents ;  Behr ing AG).  A va lue
>6 mg/ml  was cons idered pos i t ive .  HLA cras i  u  ryp ing was
per formed by sequence-spec i f ic  pr imed potymrrase chain
react ion (PCR) (27)  and consecut ive s .qrbn. ing-based typ-
ing a f ler  group-spec i f ic  PCR ampl i f icar ion (28) . "

To moni tor  for  poss ibre s idc  e f fecrs ,  the fo i rowing
var iab les were invesr igared at  each v is i t :  sub ject ive conc l i -
l ion,  c l in ica l  s ta tus (measurement  o f ,  weightLnc i  tempera*
[ure,  auscu l ta t ion o f  hear t  and lung,  abdominal  pa lpat ion for
tenderncss andlor resistzince, arterial blood pi.oiu..  *-^_
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Table l .  Basei ine characterist ics of the 90 rheumatoid arthri t is patients, by reatment group
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Characteristic*

Placebo
group

(n = 30)

l -mg type I I
col lagen group

(n =30)

l0-mg type i i
col lagen group

(n = 30)

Age, mean + SD years
No. female/no. male
Disease duration, mean t SD months
Functional status, no.f

Class I
Class II
Class II I
Class IV

Elevation of ESR, yes/no
Elevation of CRP, yes/nof
RF positive/negative*
RA-associated HLA subtype, yes/not
Prednisolone treatmenl, yes/no$
Previous DMARD treatment, no.

None
Gold salts
Auranofin
Methotrexate
Hydroxychioroquine
Sulfasaiazine

5 ?  - F  l ?

7515
1 0 . 3  t  7 . 8

1)
I J

t z
I

t 5 l t 5
16i l4
t4il6
16t14
8t22

:

5 ? t 8
20/10

20.2 t 12.0

)
1 8
l 0
0

2218
20t10
t7113
t9t1l
7 t23

l q  r -  1 1

?zl8
l ?  ?  +  I t  Q

_1

l 6

9
o

t 3 / 1 7
13fi7
t6 /14
16114
12t18

22

A
T

I
3

20
2
I
2

;
J

o ESR : erythrocyte sedimentation rate; CRP : C-reactive protein; RA = rheumaroid arthritis;
DMARD = disease-modifying antirheumatic drug.
t Accorciing to the revised criteria of the American College of Rheumatologl, (ref. 53),
* As defined in Patients and Methods.
$ Up to 7.5 mg.

surement, and examination of the skin), complete blood cell
count including thrombocytes, levels of SGOT, serum glu-
tamic pyruvic transaminase, alkaline phosphatase, gamma
glutamyl transferase, and creatinine, and urinalysis.

Cniteria for response. According to the definition
proposed by the .ACR (29), improvement in RA in clinical
trials requires a =20vo improvement in both tender joint
count and swollen joint count and an additional >Z\Vo
improvement in at least 3 of the following 5 parameters:
patient global assessment of disease activity, patient pain
assessment, patient self-assessed disabitity, physician global
assessment of disease activity, and acute-phase reactant
(ESR or CRP). For the FFbH, a chanee of >11% has been
found to be significant by test-retest cJmparison (25), so this
cutoff was used to designate a >?\Vo improveme.rnt, and a
change of >22% to designate a >40Vo improvement. The
percentage change for the variables tender and swollen
joints, ESR, and FFbH refers to the difference between the
value at the end of study and the value at entry. patient

Table 2. Side effects, by treatment group

assessments of disease activity and of pain were measured
on a l0-point scale. A difference of I point corresponded to
10%. A modification was made with regard to the physician's
assessment of disease activity. At the end of the study the
physician assessed the change in disease activity on a
5-point-scale (1 = much improved, 2 : improved, 3 = un-
changed, 4 = deteriorated, 5 = much deteriorated). The value
of 2 (improved) corresponded to an improvement of Z}Vo,
and the value 1 (much improved) to an improvement of 40%.

Preparation and handling of bovine type II collagen.
Isolation of bovine type II collagen from the nasal septum of
cows was carried out according to described methods
(30,31). The isolated type II coilagen was lyophil ized and
stored at -20"C. For the trial, type iI collagen was dissolved
in 05M acetic acid to final concentrations of 0.2 mg type II
coilagen/ml 05M acetic acid or 2 mg type II coilagen/ml
05M acetic acid. Vials containing either 5 mi of 0.2 mg rype
iI collagenlml0.5M acetic acid (1 mg rype II collagen group),
5 ml of 2 mg type II collagenlml0.5M aceric acid (10 mg type

Table 3, Number (%) dropouts, by treatment group

Pracebo 
'-1"1,I*o,ltt 'Ti,if; 

"
group group group

(n : 30) (n = 30) tn :  30)

AII dropouts 6 (20) 4 (tj)
Dropouts due to disease 5 , l7) 4 ( j3)

4  ( 1 3 )
3  ( r 0 )

worsenlng
Dropouts due ro s ide ef fects 1 (3)

Placebo
group

(n = 30)

l -mg type i l  lO-mg type I I
coi iagen col lagen
group group

(p = 30) (n = 30)
Pruritus
Exanthema
Gasrointestinal symptoms
Headache

3
a
J

A

1

2
a

:.+
U

2
0

0 0 (0) I  (3)
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T a b i e  4 .  N u m b e r  ( % )  r e s p o n d e r s  a n d
m e n t  g r o u p

SIEFER. ET A

of  whom 67 (74.4%) were women and 23 (?5.6%) we,men. The mean age was 5{ years (range 19-6g
Serzenry patients (78%) had noi been'tr.ut.O prev
ously  wi th any DMARDs.  Only 2 par ienrs in  r tplacebo group had received DMARD ti .utmenr beforthe beginning of the study, in compa.iroo with Ipatients in 

!h. l-rng type II  col lagen group andpatients in rhe r0-mg type II colrag"en gioup Radicgraphs from the time of study .nt.y, uiuilubre for 6patients'  were examined retrospectivery by one observer. Twenty-three patients exhibiteo erosions andpatients had joint space nariowing as radiorogic signof cartiiage desrruction. Tabre I iummarizes the patients'  characterist ics at the start of the tr ial .  The mearduration of disease, the number of patienis with erevated ESR. or CRp, the numb*, oi RF_posit ive pa
tients, and the nurnber of patients iruuing un Rd,associated FILA class II  subtype (DRBt*OiO1, 0401
04a4,0405, and 0408 [33]) were nonsignif icantry higher
in the 1-mg type II collagen group comparecj with the
l?-*e type II collagen g.oup and the placebo group.
The groups were statisticaliy sirnilar ln their demo_graphic and ci inicai characterist ics.

Side eft'ects and widrdrawars. side effects were
mild and were equally distributed arnong the groups
(Table 2). only z patients had to be *itf,drawn fromthe study because of a side effect lnaus"a in bothcases), and 12 patients were withdra-wn due to rackof eff icacy (Table 3). Both rhe i_mg and rhe l0_mg
coilagen treatment groups had teier *iiho.a*ats
due to d isease worsening (4 pat ients and 3 pa_
tients, respectively) compared wiih t tre ptacebo $oup(5 parients).

. R'esponders. Eighteen of the 90 patients hadlmprovement according to the ACR cri teria. one ofthe piacebo group patients was not treated with pred-
nisolone at stucly entry, but was treated r.vi th 7.5 mgprednisolone dairy from week 4 unti i  week r2 during
the tr ial .  This patient was not counted as a responder
although the improvement cri ter ia as described abovewere fulf i l led.

There was no significant ciifi-erence in response
rates among t!* 3 groups, aithough more patients
fulf i l l ing the ACR cri teria for zTvo improvem.l,  *.r .
found in the 2 type II  coi lagen groups than in thepiacebo group:  4 pat ients in  tne p la lebo group,  6
patients in the l-mg rype II  col la[en g.orJ, unO 7patients in the IO-mg type I i  coi iagen group i-esponded
(Table 4) .  Fur thermore,  3 par ient i in  t t , .  ib-mgiype I I
col lagen group and I patient in the 1_rng 

"typ" 
I l

col lagen group showecl a very good r.*rponi",  either
with an improvement of >40vo by the ACR cri tena

nonresponders,  by t reat-

P l a c e b o

o t t t n n m o  ,  
g r o u P

v  u  L L L , '  l c ;  ( n  =  3 ( ) )

I -mg rype I I
col lagen
group

(n :  30)

i0-rng type i I
col lagen
group

(p = 30)
Improvement
Improvement
Unchanged  o r

> 1 O O / ^ 4

-40Vo*l
worsenlng

4  ( r i )
0 (0)

26 (87)

(20)
(3)
(80)

I  t l J )

3  ( 1 0 )
23 (77)

6
I

1 d
L A

* According to the Arnerican coi lege of Rheumatorogy 
". irrJt.J29).

I

I

tit

f  Includes those whose condit ions improved by -_20Vo.

I I  co l lagen group) ,  or  5  ml  0 .514 acet ic  ac id  (p iacebo group)were dist ibuted once a month to the_ p_atients,-* iro keptthem in their home refrigerators...at 6_.b. E".iV morningpatients swalloweci this so-iut ion di iuted i" 
" 

gr^ri  of water
I* 1,m *,1), rogether with a rnuit ivi t^*i ;-p"..p;rarion.ro
lmprove the taste .

statisticai anaiysis. Ail patients who lvere enroiled inthe study were inciudeci in the evaruation. Before unbi incl-ing, the fol lowing specif icat ions of trre siuuv i .oto.or weredetermined: the response cri teria proposed by the ACR (29)would be used fbr cssessmenr oi.mj".y;1"lrr 'p^ri"nt whofuifi i led the criteria wourd be councea as a responder; and alrglh:r parienrs. incruding those who did nof ;;;prere trietrial, would be counted as nonresponders. The responserates were compared by Fisher's r-faired exact iest (signifi-cance^lever 5%).If the response rate was comparable withthat of methotrexate or gord, the test wouid have a power ofat least B0% (29).
Additionaily, mean changes between baseline andthe end of the rriar were a.u.nu.E for the i;lr";;;; efficacyparameters: tend.er joint count, swollen joint cou"nt, RAI,ESR, pain and diseise act iv i ry 'assessment by the pat ients,functionat capacity, morninj 's;ff.;;;;;";; j ;; Jtrengrn.Analysis of covariance (ANbovA) *^, u..i- i! .o*pu."these parameters, in order to detecf any differences betweengroups. Individual differences (baseiine value minus our_come) were adjusred for their srarting point ;".";il;g ro themodel equation of ANCovA, and these adjusted differenceswere then evaiuated with two r-raired 

"" ; t ; ; ; ;J i i .  
, . r r . .The Mann-whitney test  ancl  the mult ivar iate o,Br ien test(32) w.ere appl ied.  In ai l  tests,  Fvarues less than 0.05 wereconsidered signi f icant.

The stat ist icar anarysis incruded ai l  90 pat ienrs.  Ananalysis of onrv ,hgi." who compreted the m"f ,"igirr havebiased rhe resurts.  we tesred a s impre m.tr ,oJ oir?pia. ingmissing values (subst i tut ing rhe Iasi  vaf  iA value) and a morecomplex one (extrapolat ion by regression).  Since i te resuttswere the same, the tabres p. . r .n i  only the f i rst  set  of  data.No replacement was made in the case of  the FFbH becausethe FFbH was answered onry twice,  so a missing last  vaiuecou ld  no t  be  es t imated .

R,ESUT,T5

Fatient characteristlcs at study entry.
pat ients were enrol lecl  in the study ( :O in .^. f ,

Ninety
group),
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(pat ients 4,6,  and 12;  Table 5)  or  wi th  no swol len or
tenderjoints at the end of treatment (patient 2), but no
patient in the placebo group responded in this way.
The responder patients are described in more detai l  in
Table 5. No remission as defined by the ACR cri teria
for complete remission (34) occurred in any of the
groups. In most cases the improvement started after 4
weeks, and usually showed a steady improvement
over the l2-week treatment period (data not shown).
In comparisons of the single variables, there were no
significant differences between the groups (Table 6).

DISCUSSION

Statistically significant differences were not
found in this study comparing treatment with l0 mg
type II collagen/day, I mg type II collagery'day, and
placebo, in terms of either the ACR criteria for im-
proverflent in RA (29) or the mean differences in single
variables. However, we found that RA patients treated
with type trl coilagen tended to show benefit. This was
especially true with the higher dose of type Ii collagen
(10 mg). In the 10-mg treatment group, 7 patients
showed at least a Z0% improvement, compared with 5
patients in the l-mg group and 4 in the placebo group.
The rate of withdrawals due to disease deterioration
was greatest in the placebo group. It is especially
worth mentioning that 4 patients in the type II coilagen-
treated group, but no patient in the placebo group,
showed a very good response: Z patients in the 10-mg
collagen group and 1 in the l-mg collagen group had
rmprovement of at least 40V0, and another patient in
the 10-mg group had no tender or swollen joints at the
end of the study. This is similar ro the finding of 4
remissions in the type II collagen-treated group stud-
ied by Trentham et al (21).

Our results appear to be in accordance with
those of the previous published study on treatment
with oral type II collagen in RA (21), despite a different
study design. We did not find a significant difference
for any of the single variables, and the differences
described in Trentham's study were aiso unimpres-
sive. The salient feature of both studies seems to be
the good response, with remission or near-remission,
in a minority of patients. l t  does not seem to make
much dif ference whether chicken or bovjne type II
col lagen is used or whether early or late RA is treated,
although no data on the duration of disease among the
patients with remission were given in Trentham.s
report.  Our f indings indicate that the higher dosage of
l lp. I I  col lagen, i .e.,  l0 mglday, may be superior to
the lower dosage, .Ftrowevei, the differences between

45

groups were too small  to al low clear conclusions. l t
should be noted that the patients in the 1-mg type II
col lagen group had sl ightly more severe disease at
study entry, as judged from the cl inical data (Table l) .
In most cases, there was a continuous improvement
over  the 12 weeks among the responders.  This  could
be taken as evidence that a longer treatment period
might be more favorable.

In terms of future studies, i t  is notable that we
found no severe side effects among the collagen-
treated patients, and that those that were found did not
differ among the groups. Furtherrnore, the number of
dropouts was smaller in the type II collagen groups
than in the placebo group, making i t  unl ikely that this
treatment worsens the disease, although this is a
theoretical possibility since absorption of immunogens
in the gut is possible (35-37).

If only a minority of patients respond to treat-
ment, it becomes difficult to demonstrate a significant
effect. Our findings pose the questjon of why only a
small  number of patients respond, and whether these
potential responders couid be identified prior to treat-
ment. No dif t"erences in RF posit ivi ty, HLA class II
antigens, or. other variables were detected between
responders and nonresponders, so it is doubtful that
these factors play a major role.

It may be that some patients handle type II
coliagen in the gut differently. A number of possibiii-
ties are worth considering in this context. The amount
of oral antigen and the nature of the fragments gener-
ated seem to be crucial for the induction of oral
toierance. Digestion of the antigen in the gut is essen-
tial for the generation of oral tolerance (37 ,38), and
interference with gastrointestinal proteolysis by neu-
tralizing gastric pH might inhibit the induction of oral
tolerance (35). The digestion of such a complex mole-
cule as type II collagen might differ considerably
between individuals, and i t  is not yet clear where and
how type II  col lagen is digested in the gastrointestinal
tract. This problem might be circumvented in the
future if immunodominant type II collagen peptides
can be identi f ied and fed or inhaled (39), instead of
administering the whole protein.

Furthermore, i t  has been suggested that induc-
t ion of oral tolerance might be depencient on an intact
mucosa, since a damaged mucosa al lows the passage
of immunogenic macromolecules (35,37). This could
prevent oral tolerance in RA, since neariy ai l  patients
are treated with NSAIDs. which have a known
mucosa-damaging effect (40,,4i).  Another possibi i i ty is
that a change of the bacterial gut flora, for exampie by
drugs (42,43) or diet (44), could also inf luence the
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clinical and laboratory parameters of effcacy and patienr characteristics in responders*

Patient
no, /sex

Tender
joints Physician

as.sessrnent

HLA
ciass U

RF DRBI

Disease
duration,
months

Previous
DlvLARD
(washout
phase)

Swollen
joints ESR.

Disease
activiry FFbHPain Radiologic

findingsl0 mg type II
collagen group

Parient l/F
Basefine
Study encl

Difference
Diference in %

Patient 2/F
Baseline
Study end

Difference
Difference in Zo

Patient 3/F
Baseline
Study end
Difi'erence
Difference in %

Fatient 4/F
Baseline
Study end
Difi'erence
Difference in %

Patienr 5/F
Baseiine
Study end
Difference
Dift'erence in Zo

l 5
9

6 .0
40.0

l ' f
L I

0

t7 .0
1c0.0

l 0
o

2.0
20.0

1 7
I

r6.0
94.1

1 6
5

I  t . 0
6B.B

3
0

3 . 0
30.0

5
2

3 .0
30.0

5
2
3 .0

30.0

5
2
i . u

30.0

roo.o

o l "

95.8

, t a

<20

75.0

8 .3
<20

25.A
oo. /
A 1  1

>40

" , '
a = - . |

20

1 2 4 8 3
8 4 3  I

4 .0  5 .0  2 .0
33.3 i0.4 20.0

1 2 1 5 6
o 1 0 )

12.0 5.0 4.0
100.0 33.3 40.0

8 2 4 5
\ 

')-l
r L r z

3.0  -3 .0+ 3 .0
37.5 - 12.si 30.0

1 4 2 8 6
)  t ' 7-  L t  I

12.0 11.0 5 .0
85.7 39.3 50.0

I 0 1 0 4
2 t 2  I
8 .0  -2 .0 i  3 .0

80.0 -20.0t 30.0

2 0 8 6
o 8 z

20.0 0 4.0
lm.0 0 40.0

r 0 6 t
6 4 3
4 . 0 '  2 . 0  _ 2 . 0 +

40.0 33. l  _20.0t

0401 36 Erosions in
f ee t

32 No erosions

MTX
(25 days)

l/{1-\/

(5 months)
20

2

IU

t
I

40

0101 No erosions None

0401 No erosions N-one

No erosions None

No erosions \rone

16

Padent 5/F
Baseline
Study end
Difference
Difference in %

Patient 7/F
Baseline
Srudy end
Difference

. Dift"erence in Vo
l mg rype II

'- . coilagen group
l,atrent glF

20
1 0
r 0.0
50.0

15
9
6.0

40.0

4 75.0
I 9i.8
3.0  20.8

30.0 >20

B 66.7
2 f i .3
6.0 16.7

60.0 >20

4 100.0
2  tm .0
2.0 o

20.0 <20

1 - t a

40

1 - f 3

40

1
L -

20

0  i 0 t IrIo erosions hlone

None

Baseline rc
Study end 5

Difference 9.0
_ Difference in o/o 64.3
Parient 9/Jvf

Baseline Iz
Study end .5

Difference 7.0
_ Diferenc e in To 5g.3
Patienr I0/F

Baseline n
Study end 0
Difference fl.O

^ Difference in % 100.0
Patient l1lN4

Baseline 3
Study end I

Difference 2.0
Differerrce in Zo 66.7

l b
t a
] L

4 .0
t ( n

l 0
A

6 .0
60,0

I 5
o

7.0
46.7

o

I

8 ,0
88.9

83
74

9 .0
1 0 , 8

4 I
1

34.0
82.9

25

- t  n +
*4.0t

2?
t 7

5 .0
22.7

o
o

+

4 .0
40.0

6
a

3.0
30.0

)
2
3 . 0

30.0

5

0
0

8
',|
T

4 .0
40.0

7
'l

1 n

30 .0

6
2
4 .0

40.0

7
5

) n
20.0

50.0
66.7

16.7
> ) / l

R 7 (

/ 1

<20

50.0
70.8
20.8
>20

79.2
9 t . 7

t2 .5
> 1 n

20

2A

0 l0 l t1 Erosions in
hands

0401 No erosions

0 1 0 1 12 No erosions

ALI"R
(10.5 monrhs)

None

SSZ
(lB days)

2 _

20

20

u.0l No erosions
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Patient
no./sex

Tender Swollen
joints joints ESR Pain

Disease
activity FFbH

Physician
assessment RF

HLA Disease
ciass iI duration, Radiologic
DRBI months findines

Previous
DMARD
(washout
phase)

Patient 12lF
Baseline
Study end
Difference
Difference in 7a

Patient 13/F
Baseline
Study end
Difference
Dfference in 7o

Placebo goup
Patient t4lF

Baseline
Study end

16 30
0 1 0

r 6.0 20.0
100.0 ffi.7

t2 36
2 1 8

10.0  18 .0
83.3 50.0

6 .0  7 .0  7 .0  0
60.0 23.3 ?0.0 0

No erosions None

l 0 No erosions0401

0401

+  0 1 0 1 , 0 4 0 1 26

28
2

26.0
q ? q

2 l
6

15 .0
71.4

87.5
r00.0
12.5
> )n

62.5
79,2
16.7
> ? o

9t .7
r00

8 .3
<20

41.7
50.0

8 ,3
<20

79.2
91.7

t2.5
> ? n

87.s
95.8
8 .3

<20

6 4
2 1
4.0  3 .0

40.0 30.0

) )
a ^
1 /

2.0  3 ,0
20.0 30,0

t 2  1 1  3  3
6 7 0 0

6.0 4.0 3.0 3.0
50.0 36.4 30.0 30.0

r 0 3 0 8 4
4 2 3 6 4

1 - 0 1 0 1  7

40

I _

+U

l 3
0

Difference 13.0
Difference in 7o 100.0

Patient 15F
Baseline 17
Study end 6

Difference
Dift'erence in Zo

Patient l6lF
Base[ne
Study end

Difference 3.0
Difference in Va 50.0

Patient 17lF
Baseline 8
Study end 6
Diference 2.0
Difference in Vo 25.0

1  1 . 0
64.7

6
3

No x-ray
avaiiable

No x-ray
avaiiable

No x-ray
availabie

None

None

SSZ
(7 months)

A
a
t

L0
75.0

12 22
6 6
6.0 16.0

50.0 72J

44
36

8 .0
18 .2

3 .0
30.0

5
3
7.0

20.0

6
3

3.0
30.0

)
a)
7,0

20.0

2 - 0401 l0

20

No erosions None

* Tender and swollen joint values are from a z8-joint count. Pain and disease activity were rated on a lGpoint scale. physrcian assessmerr was
-,t::.-:l: 

s:poin, .:ale. El_R.= eryrhro€)'te sjdimqrtation iare {mn/hour); Ffbd = funktionsiraepb6i"-i'i""""i,lii q*rtionrBire (.esulrscxprcssed as percenrage of full funcrional capacity; differeoce in % as defined in patienrs and Uettrois); i.F = *iu*uioio fa"to.; Ofr anO =
discase-modifying antilheumaric drug; MT)l = meihotrexate; AUR = auranofiq; SSZ = sulfasalazini.' 

- -

t HLA subtype not associatcd with ilA.
* Negative difference indicates deterioration.

effect of oral tolerance. It has been shown that oralry
administered lipopolysaccharide, a major component
of bacterial ceil walls, enhances the induction of oral
tolerance (45), and the gut flora of untreated RA
patients is significantly different from that of non-RA
controls (a6). Finaily, treatment of anirnals with IFNT
abrogates oral tolerance (47). This could be taken as
evidence that a strong Thl response counteracts the
asSumed Thz response induced by oral tolerance.
various influences can induce or increase a concomi-
tant Thl response, €.g., viral and bacterial infections
or a hormonal imbalance, with glucocorticoids favor-
ing a Th2 response and dehydroepiandrosterone sul-

fate and its derivative dehydroepiandrosterone favor-
ing a Th1 response (48).

An additional factor as tc why only a minority
of patients responded could be our patient selection.
we chose to treat only RA patients with early arthritis
(duration <3 years). Since RA normally has a chronic
course with eventual destruction of the joint, a treat-
ment that is started early in the disease has a better
chance of cure and/or of preventing irreversible joint
damage. Furthermore, anirnal experiments indicate
that disease is best prevented if antigen feeding starts
before induction of disease or early in disease. How-
ever, the main disadvantage of concentrating on early
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Disease var iables in the 2 rype I I  coi lagen groups and the pracebo group*
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rn .ne anarvsrs; n = 30 in each goup. AcR = American college of

fvlean -F SD 
Difference from entry at weeki
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RA in a study like rhis lies in the possibiiify tharnon-RA patients may be inadvertently inciuded. Al_,^h:leh all parienrs d the study met at least 4 of theACR criteria for RA, in the absence of €rosions

patients with other, RA-l ike, diseases are l ikely to beincluded, despire the reporred g5 Vo specifi;i," of rhe
criteria in eariy RA (22). Diseases that can resemble
early RA, such as primary Sjogren's syndrome, do not
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normally lead to erosions of cartilage/bone. However,
the concept of oral tolerance in a disease l ike RA rel ies
heavi ly on the effect of bystander suppression induced
by type II  col lagen in the joint.

Normally, type II  col lagen is sequestrated at a
privi ieged site, where i t  is not recognized by the
immune system. Only in a cart i lage-destroying disease
Iike RA, with formation of new blood vessels and
invasion of T cel ls and macrophages, can i t  be as-
sumed that T cells migrating from the gut recognize
and are stimulated by collagen in the joint. This u,ould
mean that a condition that is confined to inflammation
in the synovium, without cart i lage damage, would not
benefit from treatment with oral type II collagen.
Individuals with such condit ions would probably be
included in any group of patients believed to have
early RA. In our study, erosions were not a feature
that differentiated responders from nonresponders,
but radiologic criteria may be less informative earry in
disease.

An irnportant means of identifying which RA
patients are likely to respond to oravnasar treatment
with type II collagen could be their own level of T cell
reactivity to the protein prior to the start of treatment.
For this purpose it would help to identify one or more
immunodominant peptides, because such peptides
have proved useful in assessing T cell reactivity in
cther diseases (49,50). By way of comparison, mice in
which arthritis is induced by foreign rype II collagen
are highly variable in the extent to which they develop
reactivity to their own collagen (51). It would also be
helpful if the successful induction of orai tolerance
could be measured in patients or controls by the
release of cytokines of peripheral blood Iymphocytes
after in vitro stimulation with type II collagen. Forty-
eight to 52 hours after stimulation with myelin basic
pretein, TGFpsecreting reguiatory cells can be de-
tected in Peyer's patches (52).

In conclusion, we found a tendency toward a
higher response rate in the type II collagen-treated
patients with RA, especiaily in the 1O-mg treatmenr
group, which is encouraging, and, in.. our opinion,
justifies further investigations of oral tolerance in the
treatment of this disease. Oral tolerance is an ex-
tremely interesting approach toward immunosuppres_
sion because i t  combines nontoxicity with antigen
selectivi ty. Above al l ,  we need to know how to iden_
tify which RA patienrs are likely to respond to oral
tolerance therapy.
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ffects of Oral Administrati6n of Type ll Collagen
on Rheumatoid Arthritis
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sn antigen within theioinL Type llcollagen is ihe major protoin in artr lar estilage and
a pote;tial autoafltgen in this diseasg Oral tolerization to autosniigens suppresses

umatoid arthdtis is an inflammatory synovial disease lhought to involve T cells reactjng

models of T cel!-medialed aLJtoimmune dis€ase, including two models ot ineu_
arthritis. In this randomized, double-blind t al involvlng 60 patients with severe,

fieumatoid arthdtis, a decrease in the nurnber of swollen ioinb and t€nderjoinls
d in subjects fed chick€n type ll collagen for 3 months hrt not in those that Eceived
bo. Four patients in th€ collagen group had complete emission of the disease. No

efects were evident, Th€se daia demonstrate clinical effcacy ol an oral tolerization
roach foa rheumaioid arthritis.

discontinlaiion of nontteroidal anti'irF
flamatory drus 0\JSAID) , ecured in one
pacient p.eviously on merhonexate and
continued for 26 months- There were no
advese efece. Baed on the results oi rhis
phue t stldy, a ptaebo<ontrolled, phase
li rrial was underiaken ro deteminc vheth-
er cliniol eficaq could be demonsrmted'

For th; phae II trial, 60 parienrs wirh
*vere, active rheumaoid arthriris and who
met elisibiliry criteria (18) save infonned
consenr (19) md were entered into the
study. They were withdn*ar Fom irnrnuno-
suppress've drugs if they had been iaking
them (20) and endonized (2J) to eithe! a
treadnent identi@l to that used in the
phae I tiial (15) or an indistincuthable
placebo (?2) to be raken onlly for a con-
secudve 90-day peliod. Both patients and-investigatoB, 

except rhore resporuible for
medicarion (rJ), wele masked a ro rrear-
heni, Assessments eerc perfomed by the
same investtgator (D.E.T.) at thc initiaoon
of trearment and at 1, 2, and I months,
generally a! the same time of day (24) .

A! rll€ conclusion ofthe study, 59 of rhe
60 Dalienr! were consid€red evaluable (25) I
28 iad recetved collagen and 31 placebo.
On entry, dcnographic, clhical, and labo-
.atury paErnete$ werc similar in both
eroups Crablc 1) (26). Reladve ro enw,
lhcrc wa3 6icni.6canr (P < 0.05) improvc-

Tabl. 1 Pati€ characlsrisllcs at 6n1ry. Th€re
wsre no differences b6l'.rcen grcups (P > 0.1 0)
detecled by €lhBr Fisher's exacl lesl or lha
wcoxon rank-sun tesl (age and diseas€ dlr-

afthdlir (RA) is a conunofl
illness i.r which the synovial nem-

of multiple joints becohes innahed,
damage to cartilage and bone. AI-
rhe pathogenetic nechantums ufl-

ying thc diseare are unknoe,n, rheuma-
anhricE is associated with huban lym-

antigen (HL.A)-DR4 and consid-
to b€ an autoimnune disord€! in

+peci6c mechanism and would lack
, Olal roleriation, a nerhod of

antigenapecific tolerance, sup-

thi! diseasc because it is the mosl sbun-
stlllctural protein of caftilagc, and

rton of aninal! with rhc nariv€
teir crcates srthriti! morpholo$cally re-

rheumatoid arthrttie (2,3). Pa"
t! ith rh. disca3c h3vc ihmune re'

co natiyc tj'pe I couacen (4), but
collagcn reactivity palticipates in

primary pElhog€nesis of rheumatoid
or rcficcs tiss'rc degadarion is

Cunenr nertm€nie are inadequate in

I aciirated T celb p:nicipate (l).
ll collagcn b a candidate aurosnlig€n

.t they only panlally concrol established
umatoid arthtitir. They also have side

thar limir use early in rhe disease
and intcrfere with prolonced ad-

(5). Ar ideal thenpy would
i.{a.nmarion in the joint by a

preses animal models of the auroimune
iiseases rnultiple sclcrosis, lveiiis, dd dia-
beres (6-ll). In a dorble-blind Pilot tial
involving 30 parieflt! with mulriple sclero-
sis, oral adminis$ation of bovine hyilin
anriser$ decr.ased the nunber of T cells
thar reacled $tth nyelin basic prorein
(MBP), wirh no measuEble toxiciry (12).
Although favorable trcnds oftu!'ed in the
myelin sroup, clinical eficacy could not be
der€mlned b€causc of the small samplc

Oml adminiJtration of nEtive tl"e I
collagen emcliora€s r$,o animsl rnodcls of
rhcumatoid anhliris indlccd by r'tpe I
collagen (lJ) or complete lrcund'g adju-
vant (14) . Therc experirncntal fiadings pro-
vided rhc rationale for a pilot, open-label
dose-escalatton and safcty study in 10 pa'
tienB with recalciFlnt rhcumaloid anh.i-
tb. Subjecrs 1,ere raken og then imruno-
suppre'sive and diseasc-modi4'lng drucs
consisring of methotrcxatc, 6-mercaptopu-
dne, a,arhioprine, or aunnofin and fed 0. 1
mg ofsolubilizcd q?e II collagen daily for I
monrh ,nd rhcn swirched ro 0.5 ng lor rhe
n€xt 2 monfis (15). This dose was exnap-
olared 6om experinenrs in tlE lat adjuvant
drhrirb model where feeding 3 to 30 ps of
coLla8etr atrenuared db€as. (14) and the Et
experimenlal autoimmun€ encephalonyeli-
tis (LAE) nodel where feedins 500 to 1m0
pg of MBP was suppressive (6, 10).Sixof
the 10 parien$ experienced a substmrial
clinical esponse, deined by a >50% im"
provement in both swol)en and renderjoint
counrs with rwo addirional disease meuures
improvins by >50% Imomins stihess,
I5-m walk rime, grip strencth, Vestcrdeh
eryrhrocyte sedimenlarion mte (ESR), or
physician or patient slobal asesmentsl and
lasri.s for ar leasr 2 months afier rhe
neatment period (i6). A comptete re'
sponse, that is, disease .ehission (14 wirh
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Chs€cterlstic Collagen Placebo
ln = 28) (, = 31)

Age ly€a.s t so)

(years i SD)

tactot l%,

resred)l
HLA-DB 4+ [%.

t€sted)l
Colagef ll

rirer > 2)

drawn {%)

50.3 r  11,9 55,1 i  12,9
71 68
9.8 !  6 .2 10.3 r  E.1

74 (27) 82 t28l

46 (28) 62l?9)

Te.|\am, R. A, DFesilnTcnlham, D. combir-
C. LoreEo, K. L s*dl Dlvison ol Bheumalol
Depanmenl ot Mediclne, a€lh rsd€ HospllEl,lhe

A DaM Res€4ch hs lure lhe Hatoard-
Lrbsrar!ry, Hafrard Medi€l Sdb@|. Bos

Omv, oepanmenl or Mediclne, edqhd and
s Hospiral, Hadad sclr@rol Plbric H€.rh,

Fta er $d ll L wain€r, Conrer lor Nelroloqic
oitsio. ol Naurology, oepadm€nl ol Med-

Brighao and Wom6n s Hospilal Natoa'd Med
Sch@l Bosron MA 02115.

rMerho[e€le, emercapropunne, eatnioprm, hy-
d'oxycn.mquine. sulfasalaine au6.olin, cyclospc
in cyolophosphande, or penicillfrine. S4en Pa.
ie s Mr€ EceMnq €mbinaidns oi lhese dtugs
(20). fte .emainino palisnls were .ol on mmdnosutr
pre$lve drlqs al lhe lm6 oi €nlry beeuse ol priol
lack olresponse o. r*i6ily to al leasr h4r ol lhe dtugs.

1 3

48

58

25

64

niom on6spondence should be addressed
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Gfoup ar etury Diiterence ircm entry at oonlil

.rcrnts tender to p.esslre or
Parntut on passv€ motron

r"i"ili,iiiii'"s i"o*
Jo nt-bnderness or pajn index

Grrp skength (mmHo)
hrqht

ralent assessmeft /%r
Absenr of mild

Severe q rery severe

^. Seler€ or very severe
fnys|c/.n assessment t%l

rosenr or mrld

Sevse or rery severe

_^Sewe or very srere

Coltagen

Cotlag€n

CoIagen

Collagen

Colrasen

CoJlagen

Collagen
Collagen
Coilagen

I1,8 a 0.9
12,0 !  a .8
15.8 t  1 ,3
1 5 . 6 J  O 8
'r3.3 1 1.1
13.2 e o.s
1 7 5  r  1 . 3

13.2 a 0,6

1 0 5 . 9

106 j  10

155 a 51
210 J 55

'2.7 t  6 ,5*
2.0 !  1 ,4

2

0 . 9  a  i e-6.2 * 1.s

- 5 , 0 :

0.8-
1 . 8
1.2"

0.3*
0.6

1 , 2 .
T . 0

2.1
0.5"
1 , 2

1.8
r.i*

1.q,

2,t

0. '.,
z5.j
istr

a5E
0,1 1 6.0- 7 3 !  6 . 2
0 6 1  5 . 6-8.9 t  5 .8

130 a 76

6,3 1 7.A
- 8 3  I  8 . 4

-9.3 :! lO.1
5 1 . 2  : 1 o o

168 1  108 195 : 100
231
46'
3 1 '
1 5
23
6?

33
26
21
3 1
48

21

l 6
35
48

36'
25'
39'
1 9
1 0

l a
46
36
6

42
52

33
26
2 1
31
48

2.8
5.6

2.9
5.0

35
a€
27
27
1 2
62

32
29
39
1 9
1 3
68
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nced a relapse abour 3 monrhs afrer
ion .,f therapy followed by beneft
reinid.rion of couagen. In aninals,
:ti!e efecrs oforal rolennce app€ar ro

for 2 to J months afler reminarion of

srudy who improved while on coilasen

feeding (6). Recrudescenc€ of dis-

thar addirional adminisaacion is re-

after discontimration oI oral roleragen
ako occured in mul'iple 6cle.osis (12)
u\:eiris (J2) patienrs. It thcrefore ap-

it k po$ible thar the diseue
b€ €xacerbated or an allergy to the

aniken could develop, rhis was nor
ved in olr studr, in aninals (6,1I,

l4), in mulriple sclelosis parienrs given
myelin for as long as I yeas (12), o! id
ci6 patients reated wirh rerinal S-anri-
(J2). All padents in rhe phase Il rrial
op€n-label rrial had collasen disconrin-
afrer 3 monchs. Four parienrs in rhe

tissues lnd reiease .ytokines rhar inacrivare
auioassre$ive cells. In animals, fceding
latge doses of antigen favors T cell anersy,
whereas mutiple small doses favoo ihe
i.dlcrion ofresularory T cells (JJ). In rhe
EAE model, hedlns low doses of MBP
acrivates MBP-lpecinc regulatory cells in
gut lrnphoid tissue (10). These celis are
predominan'ly CD8+ and suppress EAE b1
ftaftckins to the cenrral neflous system
and releasing anriin0ammatory cyrokines,
such as TCF-p and inrerleukin-4, when
ihey encounter MBP presented by MHC
nolecules in inflamed brain rissue- This
proces, teme d antigen-dnven bysrande!
suppre$ion (10), implies ihar an orally
administered prorein can do{n{esllate or
canapecinc auroimuoe disease as )ong as
ir is a coruri.ueflr of the ta.ger ri$ue and is
capafle ofinducing legularory T cells. 1r is
not oblisatory io! rhe prorein ro have rhe
diseaF-incirlng epitopes. Examples of by-
srander 5upp.e$ion include inhibirioo of
proieolipid lrot€in (PlP)-induced EAE by
orally adniniltered MBP (J4), delay of
diaberes in rhe non-obese diabelic mouse by
oral iffulin (ll), and abrocarion of adju-
vBnt arthlids by oral coLlacen (14). In all
tfuee modeh, autoimaunity to rh€ tole.a-
gen do$ not appear to iniriate dkease.
Accodtnsly, our data do nor deremine
wherher t)"c II collagen is rhe primary
autoantigen Ln rheumaroid arrhritls.

Alrhough tnirial clinical eficacy of oraL
collagcn har bccn shown, quesrions con-
ceming optimun dosing and long+crm
control ofdisease renain. Nonctheless, thir
study dcmonsnabs rhe thcraDeuric eficacv
of oral rolerance for a hurirari otoirnmu"e
dts€ase and pronde! rhe foundadon for rhe
development of oral coilagen as an eastly
administelcd nontoxic rlearmenr for rheu.

a. Fob€ns, M. L sp.rn, H. L W€iner, Proa ,t
Add. Sci U.S A.39 421 11992)

11. Z, J. Zhane L Davidson G E6enbanh, H. L
W€lnar, P@. ,,van ecad Sci US'4. 33, 10252
(1-.91).

12. N. L W€ln6r al.t Sd€nd5g,1321 (1-093)
13. C. Na9re.Ande6o., L.A Bob$ M, E. Fobinson,

G.W Slsklnd G. J. Tho.becke. P@ &all A.ad
sd: u.s.a. s3 7443 (r936)i H. s. c. rhonpson
and N. A Slainer Clin. Eap lnnunal.64 5A1
(lgeq.

]a Z J.Zhano,C.S Y. L6o, O Ljder, N. L. Waif6r, J
lMal 145,2aBg I199Ol.

15 N.live ryp6ll collagen, kolar€d l.m sr€naler
ilage ol chcks 6nd6r€d grhyil c by adminislG-
lion otg.ahinop@paon rlle {2), was lsed to rroEl
lhe hrcl liv€ subi€crs in the pMse I pirot sludy.
Slbsequ€nr p3t anb h the pilot td6r and in lh€
doub e-blifd srldy r€ceired ry!€ ll @llsg€n ps
ilied trom nonlatfr/ritic ch cken s|6ml canilage
bylhe ldenlicallechniqu€ (?)and obrajned lom
G€nzyme (8oslo., NIA). Pf€paGlions E.e ana.
frzed lor pudly by sr.ndard bi@hemica Delhods
(Z 35).rdresr6d lor adhiroqenicry and ro.cily
/n Brs (2) w n lndl.ss of barch.rdbarclr oq!iv.-
lency Co agen was srored in a lrcphlllzed slar€
(2) al -2C"C wilh desiccanl. The prolei. was
soubllzed in 0,1 M ac6ic acld lor -12 hours al
a'C Elerillzed by membrane lillBIio, a.d al.
quoEd hb ndividlal 1.0-ml doles i sledro
lubes Tlb€s slticlenl lof -2 wsk ol treatDent
wsE dellv6r€d on ioo lo pafenE &d mdlnlalnad
u.der relrlgeElion lntil use. For oral admhista-
lion, lho l.o.ELalquolwas6dded ro,1 lo 6o!nces
(118 ro 177 m|) ol .ord oranoo juic6 and he
mixllre drunk lmm€d 6l€ y OEn93 iuice prov d-
€d 6n addi onal 6c d v.hi. e ro inhibll preclplta.
lon of collag€. and hask€d lne lale olacetlc
.cid. Arl dding occudod in lhe homi.g on .n
€nply slon€ch al l€ast 20 frih b€roe b.eaKasl or
|nEa$on ol olhd luids. Smoklng was nar p€mlr.
t6d durrng hls l.re0a,

i€ M, E. WA nbbn er at, N Enet.J,t.d.312 AlA
(1985)i K, L SewElr et at., Alhtitis BheM.,1^

17, F, S, Ph.6, A. T, Masi F, A. LlFen, /4n riis
ahdud,2a r3o8 (i98i),

18 Tn€ ,oil@i.O roqulr€ments d6roihi.6d 6119 bility:
{r) Ah€dcan Fheumatisn Assoclallori (ARA) cn.
l6da tor cla6slc or dollnlte Lewatold enhlb
(16)i 0l)on!6ror lhe drsease ar.9E 16 or orde'
(llr)age Er leasr lsysarc {iv)AFA tuncrionarctass
I or lr (28) (v) s ens o/ sldprome ol Eynwirh
unrcsFonriv€ lo ar laag one immlnosuDor€ssvo
(Table 1) and (vi)sd€re aclivedrs€a$ dolined
by al loasl $r€€ oi lie,oiown9: anln6 palntu or
r6nd$ tohts, >six $orr6n joi.b, :45 mln or
homing srllhess or >23 ndlhou EsR, E:clu.
3on cnl€.i€ includ6d a delra ot srtuctlra joinl
damaQ€ nol ahenabl€ lo physical@habilirarlon il
nrrrmmaliof subs ded aio. l€at@nl or a seious
conclr6nlm€dica prcb6m Some pationls (r=
39) roprosent€d reieftars ror trealne.t ot retEc.
lory ds6ase bt tnelmalo € srs oulside Bosto.
otheis (, = 10) riad jece v€d e&€nmentar rh6.a.
py tor rheumatoid.nhiis rn the p6L

1S. fte sludywas approved by th€ Beth lsEe Hos.
plal Cohmin66 on Cliniel lnv€sligations and
@ndLcl6d u4der an invesrlgatoFinlriated lNesti-
galiof.l NN orua 0ND) pemlr rrom rhe L.S
Fed and Drug ldhinGtation.

20. Becalse ol lhe Fossib ir,/ har par enrs @utd
receivg inBieclive rherapy or a ptacebo s!ud!
hedic8lon Ms begun immedLarely afr& rh€ pa,
lEn djscoi linued immunos uppres siv6 d ru$ (Ta,
b e l)ipalrents ieceiv n9 pa.enteElqo dwer6nol

ProlonAed carryeor effecls
could lnluence ie olbome. Parients remained
on rheir NSA D, rednlson€ dose {<10 mg/day)
or borh, dunnq lh€ 3,month lrealmonl p€fiod.
NSAID sLbslilurrof, rncrea3es in NSAID or Dred.
nisofe dose, or lnlriation of any olhor anr'6€u.
mahc lrEGFy wirh rlre excepron .i 4ar9€5ic
aoenls and iflraarric!a sreroids represented
pr.rocol vioato.s. ll applicab/e pati€ds aeie
.equesled lo pracr ce.onlEceplbn

to roinlain rhe clinical ere*s of

the basis ofsrudies of olal rolelance

explain the clinical rcsponse to col-
observed h rhn srudy. F;edtns rype II

in R4 cases may borh anergize
t}?e II collagen auroreactivc cells

gcnerate major histocornpatibiliry coh-
(MHC) class I- or clasg ll-restricted

cclls thar sequcsr€r wirhin joinr

4 3. Oulcome rneasures in cotagen, veF
pacebo-lrealed psli€n16. vallss are oeF

, tPo ihhunolosic mechanNm!

of 28 collsgen and 31 placabo pa-

Cola-  Pa.  Cot ta-  Pta.
gen cebo gen cebo

1 a  t 3
39 19

s rnc€ase or 30% or hore i@6 lhe
valu6lor the joinl.sreting tnder and the i.tnr,
hss or pain lndex (t6). comoadson b€rreen

show€d signitientty more der€r 016lon in he
elreatBd patie.h (P < o.Cl by the Fish€rs
|esl). TNa.colic wilhour anr -i.ltammsrory

!s!aryacekm nophenwilhcodene prop
i of pe.r@cne prescribed at any [he by
r 'Nestigalor in a. anemd to rerain fia.ino
ln Ihs tal. Comp.riso. Oeueen Orolpi
6ignrlcanly gr€ater numbeG or p;.eb+

parenls rEquning nar.dric5 (P < 004 by tho
s 6rad resu toeleftined by anq can

sm assocrar tu crit€ra ,o' runcrionat ctass
| rc I h tarion trofi adhdrc . mtdtt resrfcred:
Ldedr/ resrjcledi and tv incaoac rv causino
bed or{hee chatexslence Trend ro;ihorove:

In rhecoraaenq 'oupnor r ign l ' ca . r (o=o toby

71 35
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Use of [Jndenatured Type II Collagen
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ABSTMCT: Meumatoid arthritis is a debiiitating chronic disease that lacks an effective treatment It is the ieading cause of disability in the
United States. Rheumatoid arthritis is an inflarDmatory response beiieved to invoive T cells reacting to an antigen witbin the joints and artic-
ular cartilage. Over-tle-counter pain reiievers and anti-inflammatory medications, such as aspiriq acetaminophen, and ibuprofen, are com-
monly used for preventive measures, but these products only teat the symptoms, not tbe cause, and may also produce serious side effects.
A growing body of evidence indicates that type tr collagen is a major structual protein responsible for tcnsile stength and toughless in the
cartilege and also a potential autoantigen in people who have rheumatoid artbritis. If the activity of T cells that release joint-destroying fac-
tors could be reduced, outcomes for patiens with rheumatoid arthritis could be improved. One metbod of achieving this is termed oral tol-
erarlce, a concept that is proving useful in the treaunent of autoimmune diseases. Oral tolerance describes a 6tate of tmune hyporespon-
siveness following tbe oral ingestion of a protein. It is, thereforc, a method by wtrich a peripheral immune toleraoce (down regulation) to a
particular antigen may be induced by presenting specific amouuts of that antigen to the gastrointestinal system. Several clinical studies have
demonstrated the effectiveness and usefulness of undenatured collagen II in auenuating the symptoms of rheumatoid arthritis with no seri-
ous adverse effects. Thus its adririnisration may demonstrate therapeutic efhcacy by inducing oral toierance for tp reabnent of this disease.

in the Treatntent of Rheumatoid Arthritis

lntroduction
kttritis is one of the rnost prevalent cbronic health

problems in the United States, affecting nearly 43 million
people.' Although it is often thought of as a disease that
predominantly affects the elderly, it is the number I
cause of disability affecting those over the age of 15. In
facl more than half of those affected by artbritis are
under the age of 65, and almost 300,000 of those affect-
ed are children.' Each year artbritis is responsible for 44
millibn outpatient visits and almost I million hospital-
izations, and it is second only to heart disease in terms of
its effect on days lost from work.2 As might be imagined
from these statistics, the toll that arthritis takes on the
,healthcare industry is substantial, costing the United
States approximately $65 billion each year in health-
reiated expenses. Unforrunately, the incidence of artbri-
tis does not appear to be decreasing, and by the year 2020
the Centers for Disease Control (CDC) predicts that
almost 60 million Americans wiil suffer from some form
of this disease.

While the term arthritis may bring to mind a simple
condition characterized by painful joints and diffrculty
performing certain tasks, it actually encompasses more
than 100 different diseases. Of these different forms of

All correspondence conceming this aniclc should be addrcssed to: Debasis
Bagchi, rm, Creighton University Scbool of Pharmacy Scienccs and Allied
Health Professions, 2500 California Plaza. Omaha, NE 68178 (e-mail:
debsis @crci ghton.cdu).

arthdtis, osteoarthritis (OA) and rheumatoid arthritis

GA) are the most common.
Osteoafthrttis, OA currently affects 20 million

Americans. It is a degenerative joint disease in which the
cartilage covering the ends ofbones deteriorates, result-
ing in pain, stiffoess, and loss of movement.3r This forrt
of artlnitis generally begins after tbe age of 40 and devel-
ops slowly over urany yeaxs.s People usually report pain
beginning injoints on only one side ofthe body, in con-
trast to RA. While inflammation may be present, joint
pain in OA is typically not accompanied by the amount
or severiry of inflammation observed in those with RA.
Weight-bearing joints such as the knee and hip tend to be
more affected tlan non-weight-bearing joints such as the
elbow or shoulder. The general feeling of sickness that
calr accompany other forms of arthritis does not usually
accompany O/..

Rheumaftid Anhitis, RA is not a "nsw" disease.
One of the fiist descriptions of a disease resembling RA
can be found in rhe Charaka Samhita, a medical text
from india that dates back as far as 500 BC. Another
ancient reference to ttre disease dates to 100 BC; the
Roman Scribonius Largus described a polyarthritic con-
dition occurring mainly in elderly women that closely
resembled what we now understand to be RA,
Rtre-umatoid arthritis currently affects approximately 2
rtiillion Americans and about IVo of tJ;re world's popula-
tion. However, the pathology and progression of RA is
somewhat different from that of 04.6' It often develops



suddenly, within weeks or months, and generally begins
between the ages of 25 and 50. Non-weight-bearing
joints such as the hands, shoulders, and elbows are usu-
ally affected biiaterally, and a significant amount of red-
ness, tenderness, swelling, and inflammation is often pre-
sent. RA often results in a feeling of sickness and fatigue
and may be accompanied by weight loss as well as fever.6
Morning joint stiffness iasting for an hour or longer is
relativeiy common. Subcutaneous noduies that form over
bones may also be present. Interestingly, 3 times as many
women as men are afflicted with rheumatoid arttriris.
Some patients wiil experience a monocyclic course of the
disease that may abate within 2 years, while others wiII
experience a polycyclic, or progressive, course. Of ail the
forms of arthritis, RA tends to be one of the most serious
and disabling;76Vo of rhose who have had the disease for
1.2 or more years become completely disabled. Lifespan
has been shown to be shortened by approximately 7 years
in men and 3 years in women, which is equivalent to the
increased mortality observed in those with diabetes and
Hodgkin's disease.

Etiology
While RA is classified as an autoimmune disease,

the exact causes that result in its development remain a
mys0ery. What is known is that many different and com-
plex factors are involved. Wtrile some cases of OA may
be the result of years of "wear and tear" on joint struc-
tures, other forms can be traced to an injury, infection, or
metaboiic disorder.6r RA, however, does not result from
overuse of a joint or from injury, but rather from an
autoimmune problem in which the body atracks and dam-
ages its own tissue. The damage that occurs in RA
appears to be propagated by cytokines secreted by T cells
in response to certain autoantigenic stimuli within the
joint.e''o Various immunological factors are involved,
including but not limited to CD4-inducer lymphocytes,
CD4 memory cells, macrophages, neutrophils, and tumor
necrosis factor.rt'r2 One of the most likely candidates for
tiis autoantigenic stimulus is the collagen component of
cartilage, specifically type tr collagen. Some researchers
beteve that an infection may trigger the initial inflam-
mation in a joint through molecular mimicry or other
mechanisms, which in turn initiates the autoimmune
response. Genetics may also play a role, as may other
factors, including stress.

The cartilage in joints allows for flexibiliry and
motion and provides a cushion against the impact of var-
ious forces on the bone,'3 The detailed structure of carti-
Iage is complex but can be simplified into 2 major com-
ponents: collagen and proteoglycans. Proteoglycans are
large protein molecuies attached to iarge carbohydrate
chains called glycosaminogiycans.rs These proteoglycans
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help to provide a matrix in which the collagen as well as
water can coexist. There are a number of different types
of collagen, but type II accounts for the major part of car-
tilage. It is composed of 3 identical chains (termed a-I
chains) that form a triple heiix.r3-t5 This interconnected
network of collagen and proteogiycans is crucial in main-
taining joint flexibiliry and resistance to srress and frac-
ture. In RA, autoantigenic responses, most likely trig-
gered by rype II collagen, ultimarely result in the pro-
gressive inflammation, pain, and destruction characteris-
tic of this disease.''

Regardiess of the initial cause, a progressive degen-
eration of the structure and function of the joint takes
place, making normai activities of life increasingly diffi-
cult. In the case of RA, the body is unable to recognize
its collagen as normal and in rum attacks it as if it were
a foreign invader.r0'r? A novel approach to treatment,
termed oral tolerance, in which small amounts of rype II
collagen are presented to the gastrointestinal tact, has
been the focus of significant positive scientific research.,s
What is achieved is a down regulation of the body's abil-
iry to destroy its own coilagen, resulting in improvement
in symptoms and.slowing the progression of the disease.
However, to fully appreciate the use of oral tolerance in
the treatment of RA, it is important to understand the typ-
ical treatment options currently in use.re

Current Treatment Options
The featment options for those with rheumatoid

arthritis are rypically nonsteroidal anti-inflammatory
drugs (NSAIDs), alone or in combination with what are
known as disease-modifying antirheumatic drugs
@MARDs). As is well known, chronic use of NSAJDs,
especially in the elderly, is linked to numerous side
effects, including gastrointestinal bleeding and renal mal-
function.il Even the newer generation of COX-II
inhibitors such as rofecoxib (a furanone derivative),,'
celecoxib (a 1,5-diaryl substituted py r azole),n and infl ix-
imab (a monoclonal antibody) are not without their own
probiems.23pa While these drugs do reduce inflammation,
they do not address the underlying causes of the arthritis
and therefore cannot alter the progression of the disease.
Furthermore, rofecoxib and celecobix have been con-
traindicated for use by patients suffering from hypersen-
sitivity, asthm4 urticaria, or allergic reactions. All of
them can cause bleeding, ulceration, perforation of the
stomach and intestines, and anaphylactoid reactions. In
addition, rofecoxib has recently been associated with a
possible increased risk of heart attack and stroke.z0
Prolonged use of these newer COX-II inhibitors in the
elderly can result in side effects similar to those seen with
traditional NSAIDs. DMARDs attempr to address the
underlying pathology of RA more thoroughly by slowing
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the progression of the pathology. One of the components
of this disease, in addition to inflammation, is microvas-
cular injury coupled with the formation of new capillar-
ies. Many of the DMARDs attempt to inlibit the fonna-
tion of new capiliaries as well as address the underlying
inflam:lation. This category of drugs includes azathio'
prine, corticosteroids, gold, hydroxychloroquine,
methotrexate, sulfasalaziae, and a number of newer med-
ications such as ieflunomide and etanercept. Whiie these
medications have been shown to offer clinical improve-
ment to those with rheumatoid arthritis, they can aiso be
associated with signifrcant toxicity and side effects,
ingtu.ii ng myelosuppression, lymphoproliferative disor-
ders, macular damage, thrompocytopenia, osteoporosis'
hyperglycemia, and hepatotoxicify. Another factor that
should be taken into account is cost the monthly cost for
eranercept and infliximab, both of which must be inject-
ed, can be more than $1000. Also, according to a recent
reportby the FDA, Remicade (infliximab) has been asso'
ciated with tuberculosis infection, nerve damage, and risk
of cancer lymphoma in patients. In severe cases of joint

damage, surgery is often necessary, but this is also cost-
ly and invo]ves a lengthy recovery time.4

Methylsulfonylniethane, chondroitin, and glu-
cosamine, widely used for treatment of OA,5 are known
to help rebuild proteogiycans and reduce infla:nmation
but are unable to help in the process of inactivating
"kilIer" T cells to ameliorate rheumatoid arthritis.

0ral Tolerance
'' When the immune system is functioning propedy, it

recognizes and identifies foreign substances in order to
heip eliminate them from the body.lo'rt One type of
immune cell that is particularly important in this process
is the T cell, which can be classified in a number of dif-
ferent categories, depending on function. "Helper" T
cells have the function of releasing factors that help
iacrease or decrease the immune response' These have
been further classified into Th-l and Th-2 subsets. Th-I.
cells amplify proinflammatory responses; Th-2 cells
limit such responses, "Killer" T cells attack and destroy
antigens, The B cell is also crucial to the functioning of
the immune system, as it is responsible for the produc-
tion of antibodies. In a normal individual, the immune
system does not seek out and destoy healthy tissue due
in part to the fact that T cel1s that have specificity for
antigens on normal tissue are either suppressed or
destroyed prior to being released into circulation. In the
case of rheumatoid arthritis, however, T cells with self-
antigens for type II collagen are not properly destroyed
or suppressed, resulting in the damage that is a charac-
teristic hallmark of this disease.

By decreasing the activiry of T cells that are releas-

ing joint-destroying factors, the outcome for patients with

RA can be improved, and one such method to achieve this

is oral tolerance, The concept of oral tolerance has exist-

ed since 1911, and Eaditional medical literature is filied

with papers describing this mechanism and how it might

benefit those with autoimmune diseases,'0
Recent studies have shown that small doses of type

II collagen derived from chicken cartilage produce oral

tolerance and work with the immune system to prevent

the body from aftacking its joints'8'r8

Oral tolerance can be induced by 2 major mecha-

nisms, bystander suppression ald clonal anergy' depend-

ing on the dose of antigen that is presbnted. Throughout
the smail intestine, there are Patches of gut-associated
lymphoid tissue (GALT). Within the GALT can be found
tissue that consists of nodules @eyer's Patches) that con-

tain organized assemblages of T and B lymphocytes,
macrophages, and dendritic celis and are the primary

area within the gastrointestinal tract where immune

responses are generated. This immune tissue is designed

to protect the host from ingesting pathogens as well as to
prevent the host from reacting to ingested proteins. In

fact, scientists have attemPted to use the GALT as a route

for administering vaccines but have been delerred by sys-
temic hyporesponsiveness. Nonetheless, the generation

of immune responses within tle GALT is the primary

mechanism by which orally ingested proteins can sup-
press systemic immuniry.

Bystander Suppression
This form of oral tolerance is achieved by presenting

small amounts of antigen to the GALT, which in turn
generates a T-cell response. After the antigen (in this

case, type II collageri) is consumed, regulatory TM and

Th3 cells migrate from the GALT through the iymphatic
system and then into peripheral circulation. When they

encounter an antigen similar to that which was ingested,
they secrete cytokines, inciuding transforming growth

factor-bet4 interleukin-4, and interleukin- 1 0, that result
in the down regulation of activated helpel Thl cells. It is

these activated helper T cells tlat are, in Part, involved in
producing the inflammation and destruction of collagen
in RA. If this activiry against healthy collagen can be

decreased, the progression of the disease can be altered.
It should be noted that the oral antigen does not need to

enter the systemic circulation in order to induce a

response, as the regulatory T cells are induced as a result

of the interaction between the antigen and the GAI 'T'ro

Clonal Anergy
Another mechanism by which an orally administered

protein can induce a down reguiation of an immune

response is via a mechanism called clonal anergy.'o This



situation results from the ingeition of high doses of an
antigen, which in rurn induces a state of unresponsiveness
from overactive Thl cells. These ceils are not deleted but
are rendered incapable ofresponding to a specific antigen.
In essence, they are nrrned off, or "anergized," and will no
longer recognize the antigen as a target for destruction.'o

Clinical Studies
Via the mechanism of oral tolerance, type tr colla-

gen has been studied for its ability to benefit those with
RA. This makes sense, because type II collagen is the
most abundant structural protein present in cartiiage.
Numerous animal models of arttritis have demonstated
significant benefit from orally administered, native
(undenatured) fype II collagen. Its administration has
been able to supPress almost all experimentally inducible
forms of RA in animals, including antigen-induced
arthritis, adjuvant arthritis, Upe tr collagen-induced
arthritis, streptococcal cell-wall arthritis, and silicone-
induced arthritis. These impressive results led to the
investigation of native type tr collagen supplementation
in humans with RA. In 1993, an open-label piiot tial and
a phase tr trid ia humans were conducted at Harvard
Medical School.8Ia the pilot tid, 10 patients diagnosed
with RA had their immunosuppressive and disease-mod-
ifying drugs discontinued and were given 0.1 mg of
native type II collagen daily for 1 month, followed by 0.5
mg of native type tr coilagen for the next? months. Six
of ttre 10 subjects experienced a significant improvernent
(defined rc >50Vo compared with baseline) in swollen
and tender joint counts, as well as morning stiffrtess,50-
foot walk time, grip strength time, and erythrocyte sedi-
mentation rate. One subject who had previously been
teated with methotrexate experienced complete remis-
sion. which continued for 26 months. No adverse effects
were noted.E Because of these observed irnprovements, a
placebo-controlled phase II follow-up trial was per-
formed consisting of 60 subjects with severe, active RA.
Participants were randomly assigned to groups taking
either a placebo or a daily dose of 0.1 mg native type II
collagen for I month, then 0.5 mg for 2 months. At I,2,
and 3 months, the collagen group experienced significant
improvement (P < 0.05) in the number of swollen joints,
the number of painful and tender joints (P = 0.06 at 2
months), and 50-foot walk time. Four patients in the col-
iagen group, compared with no patients in the placebo
group, experienced compiete remission of the disease.
One of the most notable findings was the lack of side
effects as a result of the teatment, an important issue
given the side effects that can be present with various
DMARDs and NSAIDs. Importantly, a recent indepen-
dent report has also confirmed the effectiveness of type
II collagen in juvenile RA,26 a disease affecting almost
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300,000 children. Ten patients between the ages of 8 and
14 years who had active RA were treated orally with rype
II collagen for 3 months. Eight of the i0 patients had a
reduction in both swollen and tender joints at the end of
3 months. One patient in this study also achieved com-
plete remission. It was concluded that oral lreatment with
native type II collagen nay be a safe and effective form
of treatment for juveniie RA.'6

A fourth study2T of native Epe tr coilagen supple-
mentation in RA reported significant improvement in
subjects who met Paulus criteria (morning stiffness, joint
tenderness, joint swelling, and erythrocyte sedimentation
rate). After 24 weeks,39Vo of those taking type tr colia-
gen versus l9Vo toktng placebo experienced significant
improvement. While l9%o may appear to be a iarge
response in the placebo group, it is not unusual to
observe this type of response ia studies of arthritis. The
impressive finding was tle high degree of improvement
in the group treated with undenahued, type II collagen as
compared to the group taking the placebo. An interesting
observation in this study was that subjects with a pres-
ence of serum IgA and IgG antibodies to collagen at the
beginning of the study had a significantly befter response
to treatment than those lacking such antibodies.

In a fiftLr double-blind, placebo-controlled srudy per-
fomred in Germany, 90 subjects with early RA were
divided into groups receiving daily doses of 1 mg colla-
gen, 10 mg collagen, or placebo.a At the end of the
study, 3 patiens in the 10 mg group, I patient in the I mg
group, and no patients in the placebo group had experi-
enced marked improvement. While these results may not
appear very impressive, the authors were surprised by the
degree of benefit given the small subset of patients. In
another German study,t6 daily doses of I mg or 10 mg of
undenatured type tr collagen resulted in reduced type II
collagen antibody tites in patients showing a clinical
response. This study also suggested that 10 mg was a
more effective dose than I mg.'6 These studies provide
the basis and rationale for the use ofnative type tr colla-
gen as a safe and effective modaiity of treatment for
those suffering from RA.

The Importance of a Native (Undenatured)
Form of Collagen

To confer oral tolerance, lype II collagen must be
used in its undenatured, 3-dimensional, triple-helical
structure.r0'2e Unfortunately, most products on the market
containing type tr collagen do not contain the undena-
fured form. In these products it has undergone harsh
chemical or high+emperature manufacturing procedures
which denafure it, thus rendering it inactive and inca-
pable of eliciting an immune response once adminis-
tered. In fact, no peer-reviewed studies exist to support
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the use of denatured fype tr collagen in RA, and one
study has shown denatured rype tr coilagen to have no
impact on the severity of the disease,2e In order to insure
that undenatured rype II coliagen is present, highly sen-
sitive ELISA assays must be performed to confirrn that
the collagen is bioiogically active.

Source of Undenatured Type II Collagen
It is well understood that type II collagen can be

obtained from all types of animais, inciuding mice, rats,
chickens, pigs, and dogs, as well as from humans.
However, an ideal commercial source would be to obtain
it in a cost-effective way from animals housed and main-
tained in a germ-free environment. Chickens raised in a
controlled environment with ambient temperature and
purified air, free from bacteria, viruses, fungi, and other
microorganisms, are currently the best source of com-
mercial undenatured type tr collagen.

Dose
Clinical studies support the use of native, undena-

tured type II collagen and recommend that it be taken
with water at bedtime. Furthermore, studies have shown
that small doses (rypically 10 mg or less) derived from
chicken cartilage work with the human immune system
to promote healthy joints and improve mobiiiry and flex-
ibility, as well as attenuating the symptoms of RA. The
ideal situation is to ingest undenatured collagen II on an
empty stomach wben the acid content in the stomach is
low. Generally, protein absorption in a human body may
take from 4 to 8 hours.

Potential Use of Undenatured Type II
Collagen in Osteoarthritis

Therapeutic interventions that work rapidly for RA,
such as NSAIDs or cortisone injections, are also pallia-
tive for OA. Unfortunately, druis that work rapidiy for
OA do not, in general, provide sufficient reduction of
inflammation or pain reiief on their own in rheumatoid
arthritis. OA therapies in this category include NSAIDS,
hylan g-f 20, and most probably glucosamine hydrochlo-
ride and chondroitin sulfate. Presumably, this dichotomy
reiates to the much more substantial degree of inflamma-
tion present in RA versus OA.

OA is a wear and tear phenomenon usually associat-
ed with aging; the disease progresses with rigorous exer-
cise when muscles and bones are already weakened due
to aging (exercise also causes muscle and bone damage in
aged patients with RA). It is also ch4racterized by an
inflammatory synovial response that ieads to joint wear
and tear,3o As RA will effectively cause gradual deteriora-
tion and inflammation of certain joints due to immune
disorders. OA will cause wear and tear due to the normal

aging process and an increase in enzymatic activity. In the
absence of significant and disfiguring inflammation
(which is characteristic of rheumatoid arthritis), wear and
tear activity may be misdiagnosed as OA rather than RA
and treated accordingly. In some cases, OA is added as an
additional diagnosis simply because wear and tear and
aging persists and exists normally. The biochemical
markers associated witb OA inflammation, such as vari-
ous cytokines (interleukin- 

 

and interleukin-10), tumor
necrosis factor-alpha, and interferons are also associated
with RA inflammation.rrro'3r Therefore, therapies used to
treat RA inJlammation are also used to treat severe OA
inflarrmation. Earlier research demonstrates that type II
collagen suppresses T-cell-mediated inJlammation, which
is characterized by cytokines interleukin-4 and inter-
leukin-lO and is seen in the synoviums of both OA and
RA patients. Another benefit of rype II collagen is that it
contains small amounts of glucosamine and chondroitin,
which are good for joint mobility and flexibiiity. In light
of these facts, it may be postulated that undenatured rype
II collagen may also provide benefit to a significant pop-
ulation of OA patients as well as those with RA.

Conclusion
Finding an effective cure for RA is a major chal-

lenge for health professionals. Over-the-counter pain
relievers, NSAIDS and other anti-inJlammatory drugs,
and mbnoclonal antibody and COX-[ inhibitors have
major adverse side effects, including liver disease, gas-
8itis, vomiting, cardiovascular dysfunctions, and, possi-
bly, tuberculosis. Futhermore, infliximab, rofecoxib, and
celecoxib are very expensive drugs for regular use.
Another expensive alternative is surgery, which involves
a long recovery time. Several human clinical trials have
demonstrated the effectiveness and usefulness of unde-
natured lype II collagen in significantly reducing the
painful symptoms of RA with no adverse side effects'
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PAIN REDUCTION MEASURED BY GROUND FORCE PLATE IN ARTHRITIC DOGS 

TREATED WITH TYPE-II COLLAGEN.  
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Presently, one in four of 77 million pet dogs in the United States is diagnosed with some form of 

arthritis. In dogs, osteoarthritis is more common than rheumatoid arthritis and pain is the number 

one complaint. This investigation evaluated therapeutic efficacy and safety of glycosylated 

undenatured type II collagen (UC-II) in moderately arthritic dogs that received daily placebo or 

40 mg type II collagen (10 mg active UC-II) for a period of 120 days, followed by a 30 day 

withdrawal. On a monthly basis, dogs were evaluated for overall pain, pain upon limb 

manipulation, and pain after physical exertion. In addition, pain was measured using Ground 

Force Plate (peak force and impulse area). Dogs on placebo exhibited no significant change in 

arthritic conditions. Following 120 days treatment with UC-II, dogs showed significant decreases 

in overall pain (77%) and pain after limb manipulation (83%) and exercise (84%). With Ground 

Force Plate, peak vertical force value elevated from 7.467 ± 0.419 to 8.818 ± 0.290 Newtons/kg 

body wt, and impulse area elevated from 1.154 ± 0.098 to 1.670 ± 0.278 Newtons Sec/kg body 

wt, suggesting increase in g-force and decrease in level of pain. Dogs receiving placebo or UC-II 

showed no adverse effects in liver, kidney and heart functions (bilirubin, ALT, creatinine, BUN 

and CK), or changes in body weight, heart rate, respiration rate, or temperature. In conclusion, 

UC-II significantly reduced arthritic pain and is well tolerated. 
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The present investigation evaluated arthritic pain in horses receiving daily

placebo, undenatured type II collagen (UC-II) at 320, 480, or 640 mg

(providing 80, 120, and 160 mg active UC-II, respectively), and glucosamine

and chondroitin (5.4 and 1.8 g, respectively, bid for the first month, and

thereafter once daily) for 150 days. Horses were evaluated for overall pain, pain

upon limb manipulation, physical examination, and liver and kidney functions.

Evaluation of overall pain was based upon a consistent observation of all

subjects during a walk and a trot in the same pattern on the same surface. Pain

upon limb manipulation was conducted after the walk and trot. It consisted of

placing the affected joint in severe flexion for a period of 60 sec. The limb was

then placed to the ground and the animal trotted off. The response to the flexion

test was then noted with the first couple of strides the animal took. Flexion test

was consistent with determining clinically the degree of osteoarthritis in a joint.

Horses receiving placebo showed no change in arthritic condition, while those

receiving 320 or 480 or 640 mg UC-II exhibited significant reduction in

arthritic pain (P < 0.05). UC-II at 480 or 640 mg dose provided equal effects,

and therefore, 480 mg dose was considered optimal. With this dose, reduction

in overall pain was from 5.7 ± 0.42 (100%) to 0.7 ± 0.42 (12%); and in pain

upon limb manipulation from 2.35 ± 0.37 (100%) to 0.52 ± 0.18 (22%).

Although glucosamine and chondroitin treated group showed significant

(P < 0.05) reduction in pain compared with pretreated values, the efficacy was

less compared with that observed with UC-II. In fact, UC-II at 480 or 640 mg

dose was found to be more effective than glucosamine and chondroitin in

arthritic horses. Clinical condition (body weight, body temperature, respiration

rate, and pulse rate), and liver (bilirubin, GGT, and ALP) and kidney (BUN and

creatinine) functions remained unchanged, suggesting that these supplements

were well tolerated.
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INTRODUCTION

Arthritis is a chronic debilitating disease that commonly inflicts

millions of horses around the world, because of excessive

running and exercise, injury, immune disorder, aging, or genetic

predisposition (Ruggeiro, 2002). The two most common types of

arthritis are osteoarthritis and rheumatoid arthritis. In horses,

osteoarthritis occurs with a greater frequency than rheumatoid
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arthritis or any other form of joint disease, like in humans and

dogs. Osteoarthritis is an inflammatory joint disease, which is

characterized by degeneration of the cartilage, hypertrophy of

bone at the margins, and changes in the synovial membrane and

fluid, which eventually leads to pain and stiffness of joints

(Goldring, 2000; Bellamy et al., 2001). This disease can wear

down cartilage in a joint to the point that bone rubs against

bone, resulting in loss of cartilage, and, in severe cases, cartilage

fragments can break off and irritate muscles with pain that are

adjacent to the bone. Chronic joint inflammation usually results

in progressive joint destruction, deformity, and loss of function

(van Roon et al., 2001).

Current therapy of arthritis relies upon nonsteroidal anti-

inflammatory drugs (NSAIDs) alone or in combination with

some other pain killers. Present treatments aim at alleviating

pain, control inflammation, and preserve ability to perform daily

functions. NSAIDs, which are cyclooxygenase (COX) inhibitors,

alleviate pain, but do not eliminate signs and symptoms of active

disease. In general, COX-II inhibitors (such as rofecoxib,

celecoxib, carprofen, and deracoxib) are considered safer than

nonspecific COX inhibitors (such as aspirin and ibuprofen). In

the recent past, chronic use of COX-II inhibitors has been

attributed to various side effects, including gastrointestinal (GI)

ulceration and bleeding, and hepatic, renal and cardiovascular

complications (Richardson, 1991; PDR, 2006; Infante & Lahita,

2000; Matteson, 2000; Schuna & Megeff, 2000; Matheson &

Figgilt, 2001; Lamarque, 2004; Solomon et al., 2004; Muhlfeld

& Floege, 2005). To our knowledge, such side effects have not

been reported in horses.

Presently, nutraceuticals are also used to ease the pain and

discomfort of arthritis in both humans and animals, including

horses (Trumble, 2005; Clegg et al., 2006; Bruyere & Reginster,

2007; Morva, 2007). These products are commonly used in

horses because they are administered orally, well tolerated and

considered safe. Nutraceuticals 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. The present investigation utilized three

supplements (UC-II, glucosamine, and chondroitin), and their

brief description is provided here. Glycosylated undenatured

type-II collagen (UC-II) is derived from chicken sternum and

prepared under good manufacturing practices (GMPs), using low

temperature, which preserves its undenatured form and ensures

intact biological activity with active epitopes. Glucosamine,

extracted from crab, lobster, or shrimp shells, is an amino-

monosaccharide precursor of the disaccharide unit of glycos-

aminoglycan, which is the building block of proteoglycans, the

ground substance of cartilage (Paroli et al., 1991). Chondroitin

sulfate, extracted from animal cartilage, such as tracheas and

shark cartilage, is a part of a large protein molecule (proteogly-

can) that gives cartilage elasticity.

Currently, glucosamine and chondroitin are the two most

commonly used nutraceuticals in humans as well as in animals

(including dogs, cats, and horses), to alleviate pain associated

with arthritis (Dechant et al., 2005; Trumble, 2005). However,

based on recent randomized controlled trials and meta-analysis,

these supplements have shown only small-to-moderate symp-

tomatic efficacy in human osteoarthritis (Bruyere & Reginster,

2007), although, this finding is still debated (Clegg et al., 2006;

Rozendaal et al., 2008). In our recent studies conducted in

dogs, daily administration of UC-II at 40 mg (providing 10 mg

active UC-II, respectively) daily dose for 120 days markedly

reduced arthritic pain (DeParle et al., 2005; D’Altilio et al.,

2007). Furthermore, our follow up studies also demonstrated

that UC-II (40 mg daily dose) in combination with other

nutraceuticals (glucosamine plus chondroitin) markedly

reduced the signs associated with arthritis in dogs, and thereby,

tremendously improved daily activity, as climbing stairs and

walking exercise. In a number of in vivo and in vitro

investigations, glucosamine and chondroitin have been found

very effective against osteoarthritis in horses (Fenton et al.,

2000, 2002; Dechant et al., 2005; Neil et al., 2005; Trumble,

2005). In brief, these studies suggested that the combination of

glucosamine and chondroitin appears to be more effective in

preventing or treating osteoarthritis in horses than either

product alone.

The present investigation was therefore undertaken with two

specific objectives: (i) to determine if daily administration of

active UC-II, or glucosamine plus chondroitin, can alleviate the

signs and symptoms of arthritis in horses and (ii) to determine if

these supplements are well tolerated and safe to administer for

the long term in arthritic horses.

MATERIALS AND METHODS

Animals

All horses used in this investigation were diagnosed with

osteoarthritis at the level of moderate severity. They were placed

at the equine center of Murray State University. During the

entire course of investigation, these horses were under the

supervision of licensed veterinarians. The protocol of the present

investigation for using arthritic horses and their treatment was

in compliance with the Murray State University Animal Use and

Care Guidelines. All animals were used routinely in their daily

workout schedule (riding classes). They were lodged into the

amount of time for daily workouts and rest periods. All animals

had the same workout protocol and rest time.

Criteria for inclusion into the study

From a large pool of horses located at the Murray State

University Equine Center, candidates were chosen based upon

outward visual signs of lameness. Once the lame candidates were

identified, the animals with evidence of osteoarthritis based upon

physical examination by two licensed veterinarians (Dr. Terry D.

Canerdy and Dr. William DeWees) were included in the study.

Evidence of osteoarthritis includes joint effusion in one or more

joints of the limbs, reduced joint flexibility, crepitation of the joint

on manipulation, and an increase in lameness upon flexion of

the affected joint.
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Supplements

Glycosylated undenatured type-II collagen (UC-II), in the form of

capsules as a dietary supplement, was provided by InterHealth

Nutraceuticals, Inc. (Benicia, CA, USA). Similar to our previous

studies conducted in dogs, in the present investigation, the

undenatured form of glycosylated type-II collagen was used, as

this form of UC-II is found to be significantly more effective than

denatured type-II collagen against arthritis (Nagler-Anderson

et al., 1986; Bagchi et al., 2002). It should be noted that

undenatured type-II collagen can be denatured (hydrolyzed) by

chemical or high-temperature, altering its molecular structure

and integrity, and denatured collagen does not have active

epitopes rendering it inactive. Cosequin equine powder concen-

trate (glucosamine and chondroitin) was purchased from

Nutramax (Edgewood, MD, USA).

Experimental design and animal treatment

The present investigation was conducted on moderately osteo-

arthritic horses. In preliminary dose-dependent studies, horses

received UC-II at 80 or 160 mg (providing 20 and 40 mg active

UC-II, respectively) daily dose for a period of 150 days. Based on

this pilot dose-dependent study, the final investigation was

carried out on five groups of horses (n = 5–6) receiving placebo,

UC-II (higher doses), or glucosamine in combination with

chondroitin daily for 150 days. Group-I horses received placebo.

Horses in Group-II, -III, and -IV received UC-II at 320, 480, and

640 mg (providing 80, 120, and 160 mg active UC-II, respec-

tively), accordingly. Group-V horses received glucosamine and

chondroitin (5.4 and 1.8 g ⁄ day, respectively, bid for the first

month, and once daily thereafter). Treatment in all five groups

was given daily (in the form of capsules administered orally in a

handful of grain) for a period of 5 months. While rationale for

selection of doses of UC-II was based on preliminary studies,

doses of glucosamine and chondroitin were based on the product

information provided on the insert along with Cosequin

(Nutramax).

Pain assessment

The horses were evaluated for overall pain and pain after limb

manipulation, on a monthly basis for a period of 150 days.

Overall pain evaluation was based upon a consistent observation

of all subjects when the animal was at a walk and a trot. All

subjects were moved in the same pattern on the same surface

consistently. Gross pain measurement was done and recorded

during the horses movement trials.

Pain upon limb manipulation was conducted after the walk

and trot. It consisted of placing the affected joint in severe flexion

for a period of 60 sec. The limb was then placed to the ground

and the animal trotted off. The response to the flexion test was

then noted with the first couple of strides the animal took.

Flexion test was consistent with determining clinically the degree

of osteoarthritis in a joint. With an increase in osteophytes, the

animal has a degree of discomfort on movement of the limb

following flexion. Flexion tests are commonly used in the equine

industry in determining the severity of a joint abnormality.

Scale used in pain measurement

The 0–10 global pain assessment was a scale used because it

provided a broad range of scale for pain. This scale was

consistently used throughout the investigation. In brief, 0, no

pain; 5, moderate pain; and 10, severe and constant pain. To our

knowledge, a universal scale does not exist to assess the pain.

For pain upon limb manipulation, results were graded on a

scale of 0–4: 0, no pain, 1, mild pain; 2, moderate pain; 3, severe

pain; and 4, severe and constant pain. The 0–4 scale was taken

from the American Association of Equine Practitioners (AAEP)

scorecard on lameness. They actually have 0–5, but category 5

was dropped because it indicates inability of an animal to move.

None of our subjects fit this category and therefore it was not

used.

Physical examination

Body weights and physical evaluation were also determined on a

monthly basis for 150 days. On a monthly basis horses were

evaluated for body weight, body temperature, and pulse rate.

Biochemical assays

Blood samples were collected by jugular venipuncture using

20-gauge needles and 12-cc syringes. Serum was separated in a

marble top tube (without anticoagulant) and transferred into

plastic snap-top tubes. Serum samples were frozen immediately

and kept at )80 �C until analyzed for bilirubin, GGT, ALP,

blood urea nitrogen (BUN) and creatinine, using Beckman

Coulter CX5-PRO Synchron Clinical System (Fullerton, CA,

USA). Bilirubin, GGT, and ALP were used as markers of liver

function, and BUN and creatinine were used as markers of renal

function.

Statistical analysis

The data of body weight in Table 1, serum chemistry in Table 2,

and pain measurement in Figs 1 & 2, are presented as means ±

SEM. Statistical significance of differences was determined by

ANOVA coupled with Tukey–Kramer test using the NCSS 2000

Statistical Software for Windows (Kaysville, UT, USA). Groups

were compared using Duncan’s Multiple-Comparison Test.

Differences with P < 0.05 were considered statistically significant.

RESULTS

Horses used in this investigation were diagnosed with osteoar-

thritis at a moderate severity. They exhibited some of the

common symptoms, such as difficulty during walking, stiffness

after periods of inactivity, swelling ⁄ tenderness in one or more

joints, steady pain in joints, and lameness.
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All horses were grossly and physically examined and flexed for

lameness on a monthly basis for a period of 150 days. UC-II at a

320, 480, or 640 mg daily dose (providing 80, 120, or 160 mg

active UC-II, respectively) provided significant reductions in

arthritic pain by 60 days of treatment (Figs 1 & 2). In fact, with

higher daily dose of UC-II (480 or 640 mg), significant reduction

in overall pain was observed as early as after 30 days of

treatment. With UC-II (320 or 480 or 640 mg), horses showed

maximal pain reduction by 150 days of treatment (overall pain

reduction, 79%, 88%, and 91%, respectively; and pain after limb

manipulation, 71%, 78%, and 80%, respectively). After

5 months of UC-II treatment, the horses became very active,

and performed normally in their daily activities.

Horses receiving glucosamine (5.4 g) plus chondroitin

(1.8 g), bid for the first 30 days, and once daily, thereafter

for the next 120 days showed significant decrease in pain after

60 days of treatment (reduction in overall pain, 36%; and

reduction in pain after limb manipulation, 31%). Maximal

pain reduction was noted after 150 days of treatment (overall

pain, 68%; and pain after limb manipulation, 69%). On

comparison, the UC-II (480 or 640 mg daily dose) was found

to be approximately twice as effective as glucosamine plus

chondroitin, based on pain after limb manipulation on

day 90.

None of the horses in any group showed any adverse effects on

body weight (Table 1), hepatic (bilirubin, GGT, and ALP) or

renal (BUN and creatinine) function markers (Table 2), or body

temperature, pulse rate, and respiration rate (data not shown),

suggesting that these supplements are well tolerated by arthritic

horses and safe to administer for a long term.

Table 1. Effect of UC-II or Glucosamine plus Chondroitin on body weight (lbs) of horses

Day Group-I placebo Group-II 320 mg UC-II Group-III 480 mg UC-II Group-IV 640 mg UC-II Group-V Gluc. + Chon.

0 1161 ± 40 (100) 1080 ± 18 (100) 1150 ± 59 (100) 1190 ± 48 (100) 1195 ± 30 (100)

30 1172 ± 16 (101) 1070 ± 23 (99) 1147 ± 58 (100) 1200 ± 45 (101) 1204 ± 27 (101)

60 1151 ± 48 (99) 1066 ± 22 (99) 1127 ± 53 (98) 1164 ± 49 (98) 1178 ± 33 (99)

90 1131 ± 43 (98) 1068 ± 21 (99) 1137 ± 56 (99) 1178 ± 42 (99) 1185 ± 34 (99)

120 1053 ± 28 (90) 1069 ± 17 (99) 1150 ± 66 (100) 1203 ± 47 (101) 1190 ± 31 (100)

150 1080 ± 39 (93) 1082 ± 23 (100) 1102 ± 59 (96) 1167 ± 33 (98) 1195 ± 49 (100)

Values are means ± SEM (n = 5–7). No significant change in body weight (P > 0.05). Numbers in parentheses are percent changes compared with

values of day 0 (100%).

Table 2. Effects of UC-II or glucosamine plus chondroitin on markers of liver and renal functions in serum of horses

Parameters Group

Days

0 30 60 90 120 150

BIL (mg ⁄ dL) I 1.18 ± 0.12 1.24 ± 0.12 1.22 ± 0.17 1.34 ± 0.19 1.22 ± 0.16 1.34 ± 0.11

II 1.33 ± 0.10 1.60 ± 0.06 1.70 ± 0.04 1.30 ± 0.09 1.30 ± 0.03 1.20 ± 0.10

III 0.98 ± 0.13 1.05 ± 0.13 1.05 ± 0.09 1.15 ± 0.19 1.63 ± 0.27 1.17 ± 0.14

IV 0.93 ± 0.14 0.77 ± 0.12 1.05 ± 0.12 1.04 ± 0.12 1.30 ± 0.16 0.93 ± 0.10

V 1.87 ± 0.35 1.84 ± 0.43 1.76 ± 0.27 1.87 ± 0.37 2.07 ± 0.36 2.22 ± 0.48

GGT (IU ⁄ L) I 12.4 ± 2.01 11.4 ± 1.21 11.2 ± 1.68 11.2 ± 1.39 11.8 ± 1.59 13.4 ± 1.21

II 17.5 ± 9.51 15.4 ± 5.42 14.8 ± 4.82 15.3 ± 8.46 15.1 ± 11.32 14.5 ± 7.90

III 14.2 ± 1.99 16.2 ± 1.90 13.0 ± 1.51 11.5 ± 1.06 12.7 ± 1.28 12.8 ± 1.35

IV 14.8 ± 0.79 16.0 ± 0.52 13.1 ± 0.17 13.0 ± 0.58 14.5 ± 0.99 16.6 ± 1.50

V 12.0 ± 0.69 11.7 ± 0.70 11.5 ± 1.31 12.1 ± 0.73 13.1 ± 0.37 12.1 ± 0.65

ALP (IU ⁄ L) I 95.2 ± 9.61 90.2 ± 7.09 86.4 ± 7.42 94.2 ± 10.18 97.8 ± 14.65 95.4 ± 10.17

II 79.4 ± 17.91 58.1 ± 22.97 81.3 ± 15.53 87.8 ± 19.38 84.3 ± 22.66 84.5 ± 30.80

III 84.3 ± 8.50 73.2 ± 5.77 76.7 ± 5.71 74.7 ± 9.43 85.7 ± 12.46 88.3 ± 9.96

IV 81.5 ± 3.33 68.5 ± 2.84 75.5 ± 3.23 72.8 ± 3.97 77.8 ± 3.66 97.5 ± 4.61

V 82.6 ± 7.65 77.7 ± 3.98 62.6 ± 6.10 71.4 ± 4.50 75.2 ± 5.50 66.5 ± 7.70

BUN (mg ⁄ dL) I 16.4 ± 0.87 13.6 ± 0.50 14.0 ± 0.89 16.4 ± 1.21 15.2 ± 1.43 18.0 ± 1.34

II 17.7 ± 1.19 17.9 ± 1.12 17.3 ± 1.08 15.3 ± 1.19 15.1 ± 1.62 14.8 ± 2.00

III 17.3 ± 1.50 17.1 ± 0.83 16.0 ± 0.86 15.8 ± 0.70 16.3 ± 1.23 18.8 ± 1.14

IV 18.7 ± 0.88 14.2 ± 0.87 17.3 ± 0.91 19.0 ± 1.13 18.5 ± 0.43 18.8 ± 1.49

V 18.5 ± 0.50 19.3 ± 0.92 18.9 ± 0.99 16.6 ± 1.74 18.0 ± 1.46 17.2 ± 1.32

Creatinine (mg ⁄ dL) I 1.64 ± 0.08 1.58 ± 0.19 1.66 ± 0.08 1.46 ± 0.12 1.44 ± 0.14 1.66 ± 0.15

II 1.50 ± 0.07 1.56 ± 0.07 1.51 ± 0.05 1.47 ± 0.07 1.50 ± 0.07 1.35 ± 0.07

III 1.42 ± 0.06 1.43 ± 0.06 1.58 ± 0.12 1.33 ± 0.07 1.45 ± 0.04 1.48 ± 0.16

IV 1.52 ± 0.06 1.48 ± 0.06 1.48 ± 0.05 1.30 ± 0.05 1.33 ± 0.02 1.30 ± 0.08

V 1.43 ± 0.18 1.64 ± 0.19 1.39 ± 0.18 1.53 ± 0.17 1.50 ± 0.15 1.60 ± 0.23

Values are means ± SEM (n = 5–7). No significant change in any parameter (P > 0.0.5).
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DISCUSSION

The present investigation evaluated therapeutic efficacy, toler-

ability, and safety of glycosylated undenatured type II collagen

(UC-II) and glucosamine and chondroitin in moderately arthritic

horses, following a long term of their use. The present findings

revealed that the therapy with UC-II at 320 or 480 or 640 mg

daily dose for a period of 5 months provided significant

improvement in ameliorating the overall pain and pain after

limb manipulation in arthritic horses. Although significant anti-

arthritic effects were noted after 60–90 days, the maximal

physical improvements were observed after 150 days of treat-

ment and the horses were more playful and active (Figs 1 & 2).

This suggests that prolonged treatment with these supplements

leads to better therapeutic results. Based on this study, it appears

that 480 mg daily dose of UC-II provides the best results, as at

further higher dose (640 mg providing 160 mg active UC-II),

UC-II offered therapeutic efficacy no greater than that observed

with 480 mg daily dose.

Like previous studies conducted in two monogastric species,

humans (Nagler-Anderson et al., 1986; Trentham et al., 1993,

2001; Barnett et al., 1996, 1998; Sieper et al., 1996; Trentham,

1998) and dogs (DeParle et al., 2005; D’Altilio et al., 2007), in

the horses, we used the undenatured form of UC-II. This form of

collagen with triple helix structure and active epitopes is found to

be significantly more effective than denatured form against

Fig. 1. On a monthly basis, overall pain in

horses was measured as a general gross

observation and graded on a scale of 0–10: 0,

no pain; 5, moderate pain; and 10, severe and

constant pain. Values are mean ± SEM

(n = 5–7). * = Indicates significant difference

between the values of day 0 and post-

treatment (P < 0.05).

Fig. 2. On a monthly basis, pain upon limb

manipulation was evaluated by animal’s pain

during the flexion of all four limbs for a min.

then jogged after each leg was flexed. Results

were graded on a scale of 0–4: 0, no pain;

1, mild pain; 2, moderate pain; 3, severe pain;

and 4, severe and constant pain. Values are

mean ± SEM (n = 5–7). *Significant differ-

ence between the values of day 0 and post-

treatment (P < 0.05). **Significant difference

between the values of UC-II-treated and

glucosamine plus chondroitin-treated horses

(P < 0.05).
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arthritis (Nagler-Anderson et al., 1986; Bagchi et al., 2002). In

none of the species has UC-II been found to produce any adverse

effects (Bagchi et al., 2002; D’Altilio et al., 2007), which

demonstrated that once UC-II is ingested, stomach acids and

enzymes perform a partial digestion of the collagen matrix,

resulting in chains of soluble collagen molecules of varying

length, containing biologically active epitopes. These structurally

precise natural epitopes in UC-II interact with Peyer’s Patches

and trigger the complex series of immunological events that, in

case of rheumatoid arthritis, down-regulates the body’s out-of-

control autoimmune response (Fig. 3) (Trentham et al., 2001;

Bagchi et al., 2002). In the case of osteoarthritis, which is often

characterized by a subclinical immune disorder and a vicious

cycle of inflammatory events, UC-II can promote a significant

reduction in inflammation (Bagchi et al., 2002). UC-II functions

through a process of oral tolerization that takes place in the

small intestine where the food is absorbed. Through a complex

series of immunological events, patches of lymphoid tissue

(Peyer’s Patches) surrounding the small intestine, screen

incoming compounds and serve as a ‘switch’ to turn the body’s

immune response to foreign substances on or off, depending

upon the substance. In dogs and humans, a small amount of

undenatured UC-II (10 mg active UC-II ⁄ day) taken orally has

been shown to turn off the immune response targeted at type-II

collagen in joint cartilage, and no adverse effects have been

noted (Trentham et al., 1993, 2001; Trentham, 1998; DeParle

et al., 2005). This immunization process helps the body to

differentiate between elements that are foreign invaders to the

body and those that are nutrients and are good for the body

(Weiner, 1997; Trentham, 1998). UC-II stops the immune

system from attacking and damaging its own joint cartilage,

thereby improving joint mobility and flexibility (Trentham et al.,

1993; Trentham, 1998; Bagchi et al., 2002). Type-II collagen is

one of the primary connective tissues of the body, providing

flexibility and support to bone joints. As UC-II is found to be as

equally effective in horses, as reported earlier in humans and

dogs, and it is presumed that the mechanisms described for

humans and dogs may also hold true for horses. Although the

precise biochemical mechanism involved in UC-II- induced

pharmacological anti-arthritic effects in humans, dogs or horses,

is not clearly established.

Glucosamine and chondroitin (5.4 and 1.8 g, respectively,

bid for the first 30 days, and once daily for the next 120 days)

significantly reduced arthritic pain by 60 days of treatment

(Figs 2 & 3), but maximal pain reduction was observed after

150 days (68% in overall pain and 69% in pain after limb

manipulation). Recently, a number of in vivo and in vitro studies

support the use of glucosamine and chondroitin in arthritic

horses (Fenton et al., 2000, 2002; Dechant et al., 2005; Neil

et al., 2005; Trumble, 2005). Unlike UC-II, glucosamine relieves

pain by enhancing proteoglycan synthesis, which is impaired in

osteoarthritic cartilage (Hougee et al., 2006). Chondroitin

sulfate aids in keeping cartilage tissue from dehydrating and

assists in cushioning impact stress and reducing joint pain.

Chondroitin sulfate is also believed to block certain enzymes

that result in the breakdown of cartilage. In an in vitro study,

Dechant et al. (2005) demonstrated that glucosamine plus

chondroitin: (i) reduced total glycosaminoglycan degradation,

which is involved in osteoarthritis and (ii) have no detrimental

effects on cartilage metabolism. Furthermore, from a series of

in vitro studies, Fenton et al. (2000, 2002) revealed that

glucosamine can prevent experimentally induced cartilage

degradation, and therefore support the use of this product in

prevention or treatment of cartilage loss in arthritic horses. In a

recent in vivo study, glucosamine and chondroitin ameliorated

arthritic pain in dogs, but comparatively UC-II was significantly

more effective. Similarly, in horses UC-II (480 or 640 mg daily

dose) was found to be more effective compared with glucosa-

mine and chondroitin based upon limb manipulation on

90 days of treatment.

Aging - Stress - injury

Osteoarthritis

Adhesion molecules  

Activate Killer T-Cells

Antibodies

Antibody-Tagged collagen (ATC)

Collagenase secreted by macrophages

Formation of Collagen-Debris

Erosion of joint collagen

Pain, Loss of mobility and flexibility

Initiation of inflammation

Binding to antigens

Activate B-cells

Recruitment of macrophages to ATC

Removal of debris by macrophage

Breakdown of collagens by collagenase

Exposure of bones & bone crunching

UC-II deactivates killer T-cells

Pro-Inflammatory cytokines  

Wear and tear

Acceleration of inflammation

UC-II

Fig. 3. Mechanism of action of UC-II in

osteoarthritis.
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In conclusion, daily administration of UC-II at varying doses

(320 or 460 or 640 mg) significantly reduced the signs and

symptoms of arthritis in horses. Daily administration of

glucosamine plus chondroitin also provided reduction in

arthritic pain, but the efficacy was less than UC-II. All three

supplements were well tolerated and did not produce any

adverse events.
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The present investigation evaluated therapeutic efficacy and

safety of glycosylated undenatured type II collagen (active UC-II)

alone or in combination with ())-hydroxycitric acid (HCA-SX,

SuperCitrimax) and ChromeMate (chromium niacinate, CM).

Twenty five arthritic dogs in five groups (n ¼ 5) received daily

treatment as follows: group I (placebo), group II (10 mg active

UC-II), group III (1800 mg HCA-SX), group IV (1800 mg HCA-

SX + 100 lg CM), and group V (1800 mg HCA-SX + 100 lg

CM + 10 mg active UC-II). The treatment was given daily for

120 days, followed by 30 days withdrawal. The dogs were

evaluated for overall pain, pain upon limb manipulation, and

exercise-associated lameness, on a monthly basis. Blood-serum

samples were assayed for markers of liver [bilirubin and alanine

aminotrasferase (ALT)] and renal [blood urea nitrogen (BUN)

and creatinine] functions. Group I dogs exhibited no significant

change in arthritic conditions. The dogs receiving active UC-II

alone (group II) or in combination with HCA-SX + CM (group V)

for 90 days showed marked reduction in overall pain (46–57%),

pain upon limb manipulation (50–55%), and exercise-associated

lameness (44–46%). In groups II and V, maximum pain

reduction was seen after 120 days treatment (62–70%, 67–

91%, and 69–78%, correspondingly). All dogs experienced a

relapse of pain after a withdrawal period of 30 days. None of the

dogs in any group showed adverse effects or changes in liver or

kidney function markers, or body temperature. Body weights of

all dogs remained significantly unchanged in all the groups.

These data suggest that treatment of arthritic dogs with active

UC-II alone or in combination with HCA-SX and CM ameliorates

the signs of arthritis, and these supplements are well tolerated as

no adverse effects were noted.

Arthritis is a chronic degenerative disease of the joints causing

pain, stiffness, swelling, and lameness (McLaughlin, 2000;

Burns, 2006). Arthritis commonly affects large breed dogs

(Richardson et al., 1997), because of overweight/obesity, lack of

exercise, physical injury, aging, infection, immune disorder, or

genetic predisposition. Dogs suffer more often with osteoarthritis

than with rheumatoid arthritis (Hielm-Bjorkman et al., 2003).

Osteoarthritis is an inflammatory joint disease, which is

characterized by degeneration of the cartilage, hypertrophy of

bone at the margins in the synovial membrane, and eventually

pain and stiffness of joints (Vaughan-Scott & Taylor, 1997).

Present therapy for arthritis in dogs relies upon drugs that

alleviate pain and control inflammation to preserve daily activity.

Chronic use of cyclooxygenase (COX) inhibitors (nonsteroidal

anti-inflammatory drugs, NSAIDs) is linked to numerous side

effects, including gastrointestinal (GI) bleeding, and hepatic and

renal dysfunction (Lobetti & Joubert, 2000; Bergh & Budsberg,

2005). In the recent past, two commonly used FDA-approved

drugs (Rimadyl and Deramaxx), which are NSAIDs and selective

inhibitors of COX-II, have been shown to cause severe side effects

(Moreau et al., 2003; Sessions et al., 2005).

In recent years, InterHealth Nutraceuticals, Inc. (Benicia, CA,

USA) has developed three supplements (active UC-II, SuperCitri-

max, and ChromeMate) that are proven to be very effective in

human arthritis and/or obesity patients (Bagchi et al., 2002;

1Presented at the 45th Annual Meeting of the Society of Toxicology, San

Diego, CA, 6–9 March 2006.
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Soni et al., 2004; Shara et al., 2005). The structural integrity of

undenatured type II collagen in a active UC-II sample was

determined by Transmission Electron Microscope procedure

using an EM JEOL 100 CX (Peabody, MA, USA), while the

amount of undenatured type-II was analyzed by Capture ELISA

kit (Chondrex LLC, Redmond, WA, USA) (Bagchi et al., 2002).

Twenty-five client-owned arthritic dogs weighing between 62

and 96 pounds were used in this investigation. These dogs

exhibited the signs of osteoarthritis (joint stiffness, lameness,

pain, swollen joints, and difficulty in getting up or down and

walking), which was confirmed radiographically. Dogs were

randomly divided into five groups (n ¼ 5) receiving daily

treatment as follows: group I (placebo), group II (10 mg active

UC-II), group III (1800 mg HCA-SX), group IV (1800 mg HCA-

SX + 100 lg CM); and group V (1800 mg HCA-SX + 100 lg

CM + 10 mg active UC-II). Daily treatment was given for

120 days, followed by a 30-day withdrawal.

Overall pain, pain upon limb manipulation, and lameness

after physical exertion was measured on a monthly basis for a

period of 150 days. Grading for pain measurement is described

in figure legends (Figs 1–3), and in our recent publications

(DeParle et al., 2005; D’Altilio et al., 2007).

Data of pain assessment are shown in Figs 1–3. Dogs receiving

placebo showed no improvement in arthritic pain or lameness.

Dogs receiving active UC-II alone showed significant reduction in

overall pain, pain upon limb manipulation, and exercise-associ-

ated lameness. Maximum improvement was noted after 120 days

of treatment. HCA-SX alone did not provide significant improve-

ment in pain reduction, but in combination with CM, it provided

significant reductions in arthritic signs, including pain. Active

UC-II in combination with HCA-SX and CM markedly reduced

overall pain (70%), pain upon limb manipulation (67%), and

exercise-associated lameness (69%). Following a 30-day with-

drawal, dogs experienced a relapse of pain and lameness. Data of

dogs’ body weight, body temperature, and serum chemistry

related to liver and renal function (bilirubin, ALT, BUN, and

creatinine), did not show any significant changes at 0, 30, 60, 90,

120, and 150 days.

Recently, in a double-blinded pilot study, we found for the first

time that active UC-II (1 or 10 mg/day) given for 90 days

significantly reduced the pain in arthritic dogs (DeParle et al.,

2005). Dogs given 10 mg active UC-II performed overall better

than those given a 1-mg dose. In a follow-up study, dogs

receiving active UC-II (10 mg/day) alone or in combination with

Glucosamine HCl (2000 mg/day) and Chondroitin sulfate

(1600 mg/day) for 120 days showed significant reductions in

pain (D’Altilio et al., 2007). The present data revealed that daily

therapy with active UC-II alone or with HCA-SX + CM for

120 days provided remarkable improvements in the lifestyle of

dogs by reducing arthritic pain. The majority of anti-arthritic

effects appeared to be obtained from active UC-II, which exerts its

effects through a process of oral tolerization (Trentham, 1998;

DeParle et al., 2005; D’Altilio et al., 2007). Dogs receiving these

supplements were more playful and showed significant reduc-

tions in the signalments of the arthritic condition, including pain

and lameness (Figs 1–3).

In conclusion, arthritic dogs treated with active UC-II alone

or in combination with HCA-SX and CM showed marked

reductions in arthritic pain and lameness. Overall, the dogs

became very active and playful. The supplements did not
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Fig. 1. Effects of active UC-II alone (10 mg/dog/day) or

in combination with HCA-SX (1800 mg/dog/day) +

CM (100 lg/dog/day) on overall pain in arthritic dogs

(n ¼ 5 dogs/group). Daily treatment continued for

120 days, followed by a withdrawal period of 30 days.

Overall pain was graded on a scale of 0–10: 0, no pain;

5, moderate; and 10, severe and constant pain. For

details, see the text and DeParle et al. (2005). *Signi-

ficantly different when compared with pretreated

values (P < 0.05). Active UC-II, glycosylated undena-

tured type-II collagen; HCA-SX, ())-hydroxycitric acid;

and CM, ChromeMate.
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produce any side effects and were well tolerated. Relapse of

arthritic signs, seen following a 30-day withdrawal, suggests

that continuous therapy is needed. These data suggest that

active UC-II, HCA-SX, and CM are well tolerated and safe to use

with great efficacy in arthritic dogs.
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Fig. 3. Effects of active UC-II alone or in combination

with HCA-SX + CM on pain after physical exertion.

Lameness was measured after physical exercise for

limping, holding limb up, rigidity of limbs, etc. Signs of

pain and lameness were graded on the scale of 0–4: 0,

no pain; 1, mild; 2, moderate; 3, severe; and 4, severe

and constant pain. For details, see the text and Fig. 1.

*Significantly different when compared with pretreated

values (P < 0.05).
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Fig. 2. Effects of active UC-II alone or in combination

with HCA-SX + CM on pain after limb manipulation.

Pain was evaluated by animal’s vocalization or other

observations of pain during the extension and flexion of

all four limbs for few min. Pain was graded on a scale of

0–4: 0, no pain; 1, mild; 2, moderate; 3, severe; and 4,

severe and constant pain. For details, see the text and

Fig. 1. *Significantly different when compared with

pretreated values (P < 0.05).
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Introduction

Arthritis and its related chronic conditions affect one in every 
five Americans, thus representing one of the most prevalent 
causes of disability in the US (Helmick et al. 2008). Indeed, 
over 46 million US adults suffered from doctor-diagnosed 
arthritis in 2008. This number is estimated to rise to 67 million 
by 2030, a massive 46% increase, due in part to increases in 
obesity and longevity (Helmick et al. 2008). There are more 
than 100 different types of arthritis and among them osteoar-
thritis (OA) is by far the most prevalent form, affecting ∼ 60% 
of all arthritis sufferers Lawrence et al. 2008). Rheumatoid 
arthritis (RA) is the second most common form of arthritis, 
impinging on 1.3 million US adults (Helmick et al. 2008). 
Arthritis describes chronic conditions characterized by joint 
pain and difficulty in performing certain tasks resulting in 

limited activity (Trentham 1984; 1996; Trentham et al. 1993; 
2001; Barnett et al. 1996; 1998). Consequently,  arthritis 
imposes a tremendous socioeconomic burden on the US 
public health system and diminishes the quality of life of 
millions of people. OA is the second most common chronic 
disease leading to Social Security disability payments due to 
long-term absence from work (Bitton 1999). It is prevalent in 
the aging population and affects roughly 12% of people aged 
60 or older (Felson 2009).

OA is defined by the American College of Rheumatology as 
a heterogeneous group of conditions characterized by degen-
eration of articular cartilage and changes in the underlying 
bone at the joint margins (Altman et al. 1986). The etiopatho-
genesis of OA is multifactorial, and includes inflammatory, 
metabolic, and mechanical components. A number of risk 
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Abstract
Previous research has shown that undenatured type II collagen is effective in the treatment of   arthritis. The present 
study evaluated the broad-spectrum safety of UC-II by a variety of  toxicological assays including acute oral, acute 
dermal, primary dermal irritation, and primary eye irritation toxicity. In addition, genotoxicity studies such as Ames 
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 of UC-II was greater than 5000 mg/kg 

in female Sprague-Dawley rats. No changes in body weight or adverse effects were observed following necropsy. 
Acute dermal LD
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 of UC-II was determined to be greater than 2000 mg/kg. Primary skin irritation tests conducted 

on New Zealand Albino rabbits classified UC-II as slightly irritating. Primary eye irritation tests conducted on rab-
bits indicated that UC-II was moderately irritating to the eye. UC-II did not induce mutagenicity in the bacterial 
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factors such as genetics, dietary intake, muscle weakness, 
obesity, and trauma may initiate various  pathogenic  pathways 
leading to OA (Felson et al. 2000). In spite of considerable 
medical advances in recent years, there is little effective treat-
ment for OA. Common non-surgical treatments of OA include 
cyclooxygenase-2 (COX-2) inhibitors and non-steroidal anti-
inflammation drugs (NSAIDs) targeting pain and inflam-
mation. Unfortunately, many of these agents show limited 
efficacy and are associated with serious side-effects and high 
toxicities (Sarzi-Puttini et al. 2005). These side-effects include 
renal and upper gastrointestinal adverse events, increased risk 
for cardiovascular events, and elevated blood pressure (Sarzi-
Puttini et al. 2005; Berenbaum 2008). In addition, the recent 
negative press and the withdrawal of certain COX-2 selective 
NSAIDs from the market have prompted many OA-sufferers 
to seek alternative therapies. There is a growing recognition 
of the important role of nutraceuticals in the maintenance 
of bone and joint health (Goggs et al. 2005). Among these 
nutraceuticals, a natural collagen extract known as UC-II has 
gained considerable attention recently for its demonstrated 
efficacy in the treatment of OA (Crowley et al. 2009).

UC-II is a undenatured type II collagen derived from 
chicken sternum cartilage. Animal studies (Deparle et al. 
2005; D’Altilio et al. 2007; Peal et al. 2007; Bagchi et al. 2008a; 
2009; Gupta et al. 2009a; b) and human trials (Bagchi et al. 
2008b; Crowley et al. 2009) have demonstrated UC-II to be 
effective and safe in treating OA. A quantitative evaluation of 
the therapeutic efficacy of UC-II for 120 days was assessed in 
osteoarthritic dogs using a Ground Force Plate (GFP) proce-
dure which objectively measures the peak force and impulse 
area (Gupta et al. 2009b). Dogs on placebo exhibited no sig-
nificant change in arthritic conditions. UC-II supplemented 
dogs exhibited a significant improvement, as indicated 
by GFP analysis. The peak force was increased by 18% and 
impulse area was elevated by 44%, suggesting an increase in 
g-force and a decrease in level of pain.

The beneficial effects of UC-II on OA was also observed 
in horses (Gupta et al. 2009a). Osteoarthritic horses were 
supplemented with placebo, UC-II (320, 480, or 640 mg) 
or a combination of 5400 mg of glucosamine plus 1800 mg 
of chondroitin for 150 days. Horses receiving 320, 480, or 
640 mg of UC-II exhibited significant reduction in arthritic 
pain. UC-II at a dose of 480 or 640 mg provided equal effects, 
and,therefore, 480 mg was considered optimal. With this 
dose, there was an 88% decrease in overall pain and a 78% 
decrease in pain upon limb manipulation. UC-II was found to 
be more effective in reducing arthritic pain than glucosamine 
plus chondroitin (Gupta et al. 2009a).

A recent human clinical trial further demonstrated the 
safety and efficacy of UC-II in the treatment of OA (Crowley 
et al. 2009). A randomized, double-blind clinical study was 
conducted in North America on 52 people with OA of the 
knee. A daily dose of 40 mg of UC-II was more than twice as 
effective as 1500 mg of glucosamine plus 1200 mg of chon-
droitin in promoting joint health after 90 days. UC-II sig-
nificantly decreased joint pain, discomfort, and  immobility 
compared to baseline, and outperformed the glucosamine 

plus chondroitin combination using three standard OA 
assessments: Western Ontario and McMaster Osteoarthritis 
Index (WOMAC), Visual Analog Scale (VAS), and Lequesne 
Functional Index.

The objective of the present study was to determine the 
safety profile of UC-II and hence acute oral toxicity, acute 
dermal toxicity, primary dermal irritation, primary eye irri-
tation, mutagenicity, and 90-day sub-chronic toxicity studies 
were conducted by in vivo and in vitro procedures.

Materials and methods

Study compound
UC-II is a unique, patented natural collagen concentrate 
containing 25% undenatured type II collagen. UC-II (UC-250, 
off white powder) was obtained from InterHealth Research 
Center (Benicia, CA) and used in all the studies reported 
here.

Animals and treatment
Safety tests were conducted at Eurofins/Product Safety 
Laboratories (Dayton, NJ) in compliance with the Good 
Laboratory Practices (GLP) as defined in 21CFR58 by the US 
Food and Drug Administration (FDA, 1987) and in accord-
ance with the Organization for Economic Cooperation and 
Development (OECD) guidelines for testing of chemicals 
(OECD 1998). The mutagenicity studies were performed at 
Bioservice Scientific Laboratories (Planegg, Germany) in 
compliance with GLP as defined in the Chemikaliengesetz 
(Chemical Act) of the Federal Republic of Germany (BGB1. 
I Nr. 50 S. 2407), and in accordance with the Environmental 
Directorate published by OECD in the Series on Principles 
of Good Laboratory Practice and Compliance Monitoring 
(OECD 1998). Animals were cared for in accordance with 
the most recent Guide for the Care and Use of Laboratory 
Animals DHEW (NIH). Detailed animal protocols are pro-
vided in individual toxicological assessments.

Acute oral toxicity
The acute oral toxicity evaluation (Up and Down Procedure) 
was conducted in rats to determine the potential of UC-II to 
produce acute oral toxicity from a single dose through the 
oral route. Six healthy young adult female, nulliparous, and 
non-pregnant albino Sprague Dawley rats (aged 9–10 weeks 
old, initial body weight 188–197 g) were obtained from Ace 
Animals, Inc. (Boyertown, PA). Female rats were selected 
for the test because they are frequently more sensitive to 
the toxicity of test compounds than males. The female rats 
were singly housed in suspended stainless steel cages with 
mesh floors conforming to the size recommendations in 
the most recent Guide for the Care and Use of Laboratory 
Animals DHEW (NIH). Litter paper was placed beneath the 
cage and was changed at least three times per week. The 
rats had free access to standard rat chow (Purina Rodent 
Chow# 5012) and filtered tap water ad libitum, and were 
maintained at controlled temperature (20–24°C) and light 
cycle (12 h light/12 h dark). The animals were acclimated to 
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laboratory conditions at least 10–14 days prior to initiation 
of dosing.

UC-II was administered in sequence to the animals, as 
described in Table 1. The decision to proceed with the next 
animal was based on the survival of the previous animal 
following dosing. Before each dosing, rats were fasted over-
night, examined through the fasting period for health, and 
weighed (initial). Individual doses were calculated based 
on initial body weights at a dose level of 5000 mg/kg. UC-II 
was administered as a 14% w/w suspension in distilled water 
using a stainless steel ball-tipped gavage needle. Following 
administration, each animal was returned to its designated 
cage and the feed was replaced 3–4 h after the final dos-
ing. Individual body weights were recorded again on days 
7 and 14 (termination) following dosing. The animals were 
observed for mortality, signs of gross toxicity, and behavioral 
changes during the first several hours post-dosing and at least 
once daily thereafter for 14 days after dosing. Observations 
included gross evaluation of skin and fur, eyes and mucous 
membranes, respiratory, circulatory, autonomic and cen-
tral nervous systems, somatomotor activity, and behavioral 
pattern. Particular attention was directed to observations of 
tremors, convulsions, salivation, diarrhea, and coma. All rats 
were euthanized by CO

2
 inhalation at the end of the 14-day 

observation period and gross necropsies were performed on 
all animals. Tissues and organs of the thoracic and abdominal 
cavities were examined.

Acute dermal toxicity
The acute dermal toxicity evaluation was conducted in rats 
to determine the potential for UC-II to produce toxicity 
from a single topical application. Five healthy young adult 
albino Sprague Dawley male rats (aged 10–11 weeks old, 
initial body weight 290–307 g) and five young adult female, 
nulliparous, and non-pregnant albino Sprague Dawley rats 
(aged 10–11 weeks old, initial body weight 200–215 g) were 
obtained from Ace Animals, Inc. (Boyertown, PA). The rats 
were singly housed in suspended stainless steel cages with 
mesh floors. Litter paper was placed beneath the cage and 
was changed at least three times per week. The rats had free 
access to standard rat chow (Purina Rodent Chow# 5012) 
and filtered tap water ad libitum, and were maintained 
at controlled temperature (19–23°C) and light cycle (12 h 
light/12 h dark). The animals were acclimated to laboratory 
conditions for 21 days.

On the day prior to UC-II application, the five male and 
five female animals were prepared by clipping (Oster model 

#A5 -small) the dorsal area and the trunk. After clipping and 
prior to application, the animals were examined for health, 
weighed (initial), and the skin checked for any abnormali-
ties. Individual doses were calculated based on the initial 
body weights, taking into account the concentration of the 
test mixture. Prior to application, UC-II was moistened with 
distilled water to achieve a dry paste by preparing a 50% w/w 
mixture. UC-II (2000 mg/kg of body weight) was then applied 
to a 2 × 3-inch 4-ply gauze pad and placed on a dose area of 
∼ 2 × 3 inches (∼ 10% of the body surface). The gauze pad and 
entire trunk of each animal were then wrapped with 3-inch 
Durapore tape to avoid dislocation of the pad and to minimize 
loss of UC-II. The rats were then returned to their designated 
cages. The day of application was considered as day 0 of the 
study. After 24 h of exposure of UC-II, the pads were removed, 
and the test sites were gently cleansed of any residual test 
substance. Individual body weights of the animals were 
recorded prior to UC-II application (initial) and again on days 
7 and 14 (termination). The animals were observed for mor-
tality, signs of gross toxicity, and behavioral changes during 
the first several hours after application and at least once daily 
thereafter for 14 days. Observations included gross evaluation 
of skin and fur, eyes and mucous membranes, respiratory, 
circulatory, autonomic and central nervous systems, somato-
motor activity, and behavioral pattern. Particular attention 
was directed to observations of tremors, convulsions, saliva-
tion, diarrhea, and coma. All rats were euthanized via CO

2
 

inhalation on day 14. Gross necropsies were performed on 
all animals at terminal sacrifice. Tissues and organs of the 
thoracic and abdominal cavities were examined.

Primary dermal irritation
The primary dermal irritation test was conducted in two 
young adult male New Zealand albino rabbits and one young 
nulliparous non-pregnant female New Zealand albino rab-
bit to determine the potential for UC-II to cause irritation 
after a single topical application. The rabbits were obtained 
from Robinson Services, Inc. (Clemmons, NC), and singly 
housed in suspended stainless steel cages with mesh floors, 
which conform to the size recommendations in the most 
recent Guide for the Care and Use of Laboratory Animals 
DHEW (NIH). Litter paper was placed beneath the cage 
and was changed at least three times per week. The rabbits 
were allowed free access to lab chow (Purina Rabbit Chow 
# 5326, St. Louis, MO) and filtered tap water ad libitum, and 
maintained at controlled temperature (20–22°C) and light 
cycle (12 h light/12 h dark). Animals were acclimated to 

Table 1. Acute oral toxicity dosing sequence and observations.

Dosing sequence Dose level (mg/kg)

Body weight (g) Cage-side observations  
(days 0–14)

Necropsy observations 
(all tissues)Initial Day 7 Day 14

1 175 182 207 243 Active and healthy No gross abnormalities

2 550 205 224 253 Active and healthy No gross abnormalities

3 1750 181 200 246 Active and healthy No gross abnormalities

4 5000 200 220 257 Active and healthy No gross abnormalities

5 5000 177 198 244 Active and healthy No gross abnormalities

6 5000 186 200 246 Active and healthy No gross abnormalities



4  Palma Ann Marone et al.

laboratory conditions for a period of 28 days prior to initia-
tion of dosing.

On the day before application, rabbits were prepared by 
clipping (Oster model #A5 -small) the dorsal area and the 
trunk. On the day of dosing but prior to application, the rab-
bits were critically examined for health and the skin checked 
for any abnormalities, and three healthy rabbits without pre-
existing skin irritation were selected for the test. Individual 
doses were calculated based on the initial body weights, 
taking into account the concentration of the test mixture. 
On the day of application (day 0), UC-II was moistened with 
distilled water to achieve a dry paste by preparing a 50% w/w 
mixture. Five-tenths of a gram of UC-II (1.0 g of test mixture) 
was placed on a 1 × 1-inch 4-ply gauze pad and applied to one 
6-cm2 intact dose site on each rabbit. The pad and entire trunk 
of each rabbit were then wrapped with semi-occlusive 3-inch 
Micropore tape to avoid dislocation of the pad. Elizabethan 
collars were placed on each rabbit and they were returned 
to their designated cages. After 4 h of exposure to UC-II, the 
pads and collars were removed and the test sites were gently 
cleansed of any residual test substance.

Individual dose sites were scored according to the Draize 
scoring system (Table 2) (Draize et al. 1944) at ∼ 1, 24, 48, and 
72 h after patch removal. The classification of irritancy was 
obtained by adding the average erythema and edema scores 
for the 1, 24, 48, and 72-h scoring intervals and dividing by the 
number of evaluation intervals (four). The animals were also 
observed for signs of gross toxicity and behavioral changes 
at least once daily during the test period. Observations 
included gross evaluation of skin and fur, eyes and mucous 
membranes, respiratory, circulatory, autonomic and central 
nervous systems, somatomotor activity, and behavior pattern. 
Particular attention was directed to observation of tremors, 
convulsions, salivation, diarrhea, and coma.

Primary eye irritation
The primary eye irritation test was conducted in rabbits to 
determine the potential for UC-II to produce irritation from a 
single installation through the ocular route. Three female, nul-
liparous and non-pregnant New Zealand albino rabbits were 
obtained from Robinson Services, Inc. (Clemmons, NC) and 
singly housed in suspended stainless steel cages with mesh 
floors, which conform to the size recommendations in the 
most recent Guide for the Care and Use of Laboratory Animals 
DHEW (NIH). Litter paper was placed beneath the cage and 
was changed at least three times per week. The rabbits were 
allowed free access to lab chow (Purina Rabbit Chow# 5326, St. 
Louis, MO) and filtered tap water ad libitum, and maintained 
at controlled temperature (17–24°C) and light cycle (12 h 

light/12 h dark). Animals were acclimated to laboratory condi-
tions for a period of 22 days prior to initiation of dosing.

Prior to instillation, both eyes of rabbits were examined 
using a fluorescein dye procedure. One drop of 2% ophthalmic 
fluorescein sodium was instilled into both eyes of each rabbit. 
The eyes were rinsed with physiological saline (0.9% NaCl)  
∼  30 s after installation of the fluorescein. Using an ultraviolet 
light source, the eyes were checked for gross abnormalities 
according to the ‘Scale for Scoring Ocular Lesions’ (Draize 
et al. 1944). Three healthy animals without pre-existing ocular 
irritation were selected for the test. One-tenth of a milliliter 
(0.06 g) of UC-II was instilled into the conjunctival sac of the 
right eye of each rabbit by gently pulling the lower lid away 
from the eyeball. The upper and lower lids were then gen-
tly held together for ∼  1 s before releasing to minimize loss 
of the test substance. The left (control) eye of each animal 
remained untreated and served as a control. The rabbits were 
then returned to their designated cages. Ocular irritation was 
evaluated macroscopically using a high-intensity white light in 
accordance with Draize et al. (1944) at 1, 24, 48, and 72 h, and 4 
days post-instillation. The fluorescein eye evaluation was used 
at 24 h to verify the absence of corneal damage. Individual 
irritation scores were recorded for each animal. In addition 
to observations of the cornea, iris, and conjunctivae, any other 
lesions were noted. The average score for all rabbits at each 
scoring period was calculated to aid in data interpretation. 
Time intervals with the highest mean score (Maximum Mean 
Total Score; MMTS) for all rabbits were used to classify the test 
substance (UC-II) by the system of Kay and Calandra (1962).

The animals were also observed for signs of gross toxicity 
and behavioral changes at least once daily during the test 
period. Observations included gross evaluation of skin and 
fur, eyes and mucous membranes, respiratory, circulatory, 
autonomic and central nervous systems, somatomotor activ-
ity, and behavior pattern. Particular attention was directed 
to observation of tremors, convulsions, salivation, diarrhea, 
and coma.

Mutagenicity test: Ames’ bacterial reverse mutation assay
The Salmonella typhimurium reverse mutation test (Maron 
and Ames 1983) was conducted to determine the ability of 
UC-II to induce reverse mutation. UC-II was evaluated in the 
Ames/Salmonella plate incorporation assay to determine its 
potential to induce reverse mutation at selected histidine 
loci in five tester strains of Salmonella typhimurium viz. TA 
1535, TA 97a, TA 98, TA 100, and TA 102 in the presence and 
absence of a metabolic activation system (S9) (Ames et al. 
1977). Suspensions of bacterial cells were exposed to UC-II 
in triplicate cultures at concentrations of 10.1, 31.6, 100, 316, 
1000, 2500, and 5000 μg/plate in the presence and absence of 
an exogenous metabolic activation system (S9). The suspen-
sions were mixed with an overlay agar and plated immedi-
ately onto minimal medium. After 48 h incubation, revertant 
colonies were counted using a ProtoCOL counter (Meintrup 
DWS Laborgerate, GmbH) and compared to the number of 
spontaneous revertant colonies on vehicle (negative) control 
plates.

Table 2. Primary dermal irritation index (PII) and classification.

Primary Dermal Irritation Index (PDII) Classification

0 Non-irritating

> 0–2.0 Slightly irritating

2.1–5.0 Moderately 
irritating

> 5.0 Severely irritating
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Mutagenicity test: Mouse lymphoma assay
The mutagenic potential of UC-II was evaluated by in vitro 
mammalian cell gene mutation assay (Thymidine Kinase 
Locus/TK+/−) in mouse (Mus musculus) lymphoma cell line 
L5178Y. The assay was performed in both the presence and 
absence of an exogenous metabolic activation system at the 
gene locus coding for the enzyme thymidine kinase (TK) in 
mouse lymphoma cells.

UC-II was investigated at the following concentrations: 
Experiment I with and without metabolic activation, 200, 400, 
600, 800, 1000, 1200, 1500, and 2000 μg/ml; Experiment II 
with metabolic activation, 300, 500, 700, 1100, 1400, 1800, 
and 2000 μg/ml; and Experiment II without activation, 4.4, 
17.6, 39.6, 70.4, 110, 264, 330, and 440 μg/ml. The selection of 
concentrations was based on data from the pre-experiment. 
In experiment I, 2000 μg/ml (with and without metabolic 
activation) was selected as the highest concentration. In 
experiment II, 2000 μg/ml (with metabolic activation) and 
440 μg/ml (without metabolic activation) were selected as 
the highest concentration. Experiment II without metabolic 
activation was performed as a 24 h long-term exposure assay. 
Ethylmethanesulfonate (EMS), methylmethanesulfonate 
(MMS), and benzo[a]pyrene (B[a]P) were used as positive 
controls. Each trial consisted of duplicate cultures of the 
negative (vehicle) and positive controls, and single cultures 
treated at each of the dosage levels of UC-II described above. 
Treatment consisted of 11 ml of the appropriate treatment 
medium (with or without exogenous activation), designated 
concentrations of UC-II and 1 × 107 cells in a 25cm2 flask, and 
incubated at 37°C in 5% CO

2
/95% humidified air. After 4 h 

incubation, the test compound was removed by centrifuga-
tion (200 x g, 10 min) and the cells were washed twice with 
phosphate buffered saline (PBS). The cells were suspended 
in 30 ml complete culture medium and incubated for an 
expression and growth period of 72 h. For the long-term 
exposure experiment, 1 × 107 cells were suspended in 50 ml 
cell culture medium in a 175-cm2 flask. After expression and 
growth period, the relative cloning efficiency (RCE; percent-
age cloning efficiency of the test group in relation to the 
negative control) of the cells was determined as previously 
described (Clive and Spector 1975; Clive 1983; Clive et al. 
1983; Mitchell et al. 1997).

Dose-dependent 90-day sub-chronic toxicity study
A 90-day oral toxicity study was conducted in male and 
female rats at Eurofins/Product Safety Laboratories 
(Dayton, NJ) to determine the potential of UC-II to produce 
toxicity. A no-observed-adverse-effect level (NOAEL) was 
also sought for each sex. Eighty healthy rats (40 males and 
40 females) were selected for the test and equally distrib-
uted into four groups (10 males and 10 females per dose 
level) according to Table 3.

Animal selection
After acclimating to the laboratory environment for 7 days, 
the rats were examined for general health and weighed. Only 
those rats free of clinical signs of disease or injury and having 

a body weight range within ± 20% of the mean were selected 
for test. The animals weighed in the range of 195–219 g for 
males and 148–174 g for females, and were ∼ 7–8 weeks of 
age at test initiation. The 40 male and 40 female rats were 
randomly distributed, stratified by body weight, among the 
dose and control groups on the day prior to study start.

Dose preparations
The test substance was administered as a 0.4% (low dose), 
4.0% (intermediate dose), or 10.0% (high dose) weight/
weight dilution in distilled water. On each dosing day and 
for each concentration, an appropriate amount of the test 
substance was accurately weighed into a 150 mL glass beaker 
and distilled water was added until the desired total weight 
was obtained. The dose preparations were used at room tem-
perature within ∼ 2 h, and maintained on a magnetic stir plate 
during administration.

Dose calculations
Individual doses were calculated based on the most recent 
weekly body weights and were adjusted each week to main-
tain the targeted dose level for all rats. All doses were admin-
istered volumetrically after correcting for dilution. Doses 
were administered to all groups at a constant dose volume 
of 10.0 mL/kg. The control group received the vehicle only 
(distilled water) at the same volume as the test animals.

Dose administration
Each animal was dosed by oral intubation to the stomach 
using a ball-tipped gavage needle attached to an appropriate 
syringe. Dosing was 7 days per week for a period of 92 days for 
males and 93 days for females. The first day of administration 
was considered Day 1 of the study. Dosing was at approxi-
mately the same time each day ± 2 h, with an exception on 
the days the hematology and/or clinical chemistry samples 
were collected. On the days of blood collection, food was 
returned to the fasted animals for a minimum of 2 h prior to 
test substance administration.

Ophthalmologic evaluations
Prior to study initiation, the eyes of a group of rats considered 
for study were examined by focal illumination and indirect 
ophthalmoscopy. Mydriasis was achieved with 1% tropica-
mide and the eyes were examined in subdued light. Subdued 
light was maintained in the animal room for the remainder of 
the day. This procedure was repeated on Day 91 for all surviv-
ing test animals.

Clinical observations
All animals were observed at least twice daily for viability. 
Cage-side observations of all animals were performed daily 
during the study or until death occurred. On Day 1 (prior to 
first treatment with the test substance) and approximately 
weekly thereafter, a detailed clinical observation test was 
 conducted while handling the animals, generally on days that 
the animals were weighed and food consumption measure-
ments taken. Potential signs noted included, but were not 
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limited to changes in skin, fur, eyes, and mucous membranes, 
occurrence of secretions, excretions, and autonomic activity 
(e.g. lacrimation, piloerection, pupil size, unusual respiratory 
pattern). Likewise, changes in gait, posture, and response to 
handling, as well as the presence of clonic or tonic move-
ments, stereotypies (e.g. excessive grooming, repetitive 
circling), or bizarre behavior (e.g. self-mutilation, walking 
backwards) were also recorded.

Body weight, organ weight, and body weight gain
Individual body weights were recorded twice during the 
acclimation period, on Day 0 (the day of study start) and 
approximately weekly thereafter (7 day intervals ± 1). Mean 
daily body weight gains were calculated for each sex and dose 
level at each interval and for the overall (Days 1–92) testing 
interval. Animals were also weighed prior to sacrifice (fasted 
body weight) for the calculation of organ-to-body weight 
and organ-to-brain weight ratios. The following organs were 
weighed wet as soon as possible after dissection to avoid dry-
ing: liver, kidneys (combined), adrenals (combined), brain, 
heart, thymus, spleen, ovaries (combined) or testes (com-
bined), epididymides, and uterus and fallopian tubes.

Food consumption and food efficiency
Individual food consumption was measured and was 
recorded weekly adjusting for spillage. Mean daily food con-
sumption was calculated for each sex/dose level during each 
weekly interval and overall (Days 1–92) testing interval. Mean 
daily food efficiency was also calculated for each sex/dose 
level based on body weight gain and food consumption data. 
Animals were allowed ad libitum access to food throughout 
the study. Animals were fasted overnight prior to blood col-
lection on Day 90, and prior to terminal sacrifice on Day 92 
(males) or Day 93 (females).

Functional observational battery
A Functional Observational Battery (FOB) was performed on 
all animals on Day 86 (females) and Day 87 (surviving males). 
Each rat was evaluated during handling and while in an open 
field for excitability, autonomic function, gait and sensorimo-
tor coordination (open field and manipulative evaluations), 
reactivity and sensitivity (elicited behavior), and other abnor-
mal clinical signs including but not limited to convulsions, 
tremors, unusual or bizarre behavior, emaciation, dehy-
dration, and general appearance. In  addition to the above 
observations, forelimb and hind limb grip strength and foot 
splay measurements were obtained and recorded. The grip 
strength was measured with a digital force gauge (Wagner 
Force Five, Model #FDMV). Triplicate measurements of grip 

strength and duplicate measurements for foot splay were 
taken for each animal and the means for each group were 
calculated.

Motor activity
Motor Activity (MA) was evaluated on all surviving animals 
on Day 86 (males) and Day 87 (females). This assessment 
was done at approximately the same period during the study 
as the FOB. Activity was monitored using an automated 
Photobeam Activity System® (San Diego Instruments, Inc.). 
An approximate equal number of animals from each dose 
group were assigned to the MA assessment for each session. 
Each animal was placed into a polycarbonate solid bottom 
cage, room lights were turned off, and a white noise generator 
was used. The evaluation phase began immediately for that 
animal. Each animal was evaluated for a single 1-h phase, 
with photobeam counts accumulated over six 10-min inter-
vals. Total movements (consisting of fine movements and 
active movements) were considered an appropriate meas-
ure for the assessment of potential behavioral effects in this 
study.

Clinical pathology
All surviving animals were fasted overnight prior to each 
blood collection. Blood samples for hematology (except coag-
ulation samples) and clinical chemistry were collected via 
the sub-lingual vein under isoflurane anesthesia during the 
12th week of exposure for males and females. Approximately 
500 μl was collected in a pre-calibrated tube containing 
EDTA for hematology assessments. The whole blood samples 
were stored under refrigeration and shipped on cold packs. 
Approximately 1000 μl was collected into tubes containing 
no preservative for clinical chemistry assessments. These 
samples were centrifuged in a refrigerated centrifuge and 
the serum was transferred to a labelled tube. Serum sam-
ples were stored in a −80°C freezer and shipped frozen in 
dry ice. All samples were shipped to DuPont Haskell Global 
Centers for Health and Environmental Sciences (Newark, 
DE). Blood samples used to determine the prothrombin 
time and activated partial thromboplastin time (coagulation) 
were collected via the inferior vena cava under isoflurane 
anesthesia at terminal sacrifice. Approximately 1800 μl were 
collected in a pre-calibrated tube containing sodium citrate. 
These samples were centrifuged in a refrigerated centrifuge 
and the plasma was transferred to a labelled tube. Plasma 
samples were stored in a −80°C freezer and shipped frozen 
in dry ice to DuPont Haskell Global Centers for Health and 
Environmental Sciences. The day before collection of the 
samples for the clinical pathology evaluation, the animals 

Table 3. Dose levels and assignment of animals.

Group Number/group Number/sex Oral gavage dose (mg/kg/day) Dose volume (ml/kg/day) % UC-II

1 20 10 Control (0) 10.0 0

2 20 10 Low dose (40) 10.0 0.4

3 20 10 Intermediate dose (400) 10.0 4.0

4 20 10 High dose (1000) 10.0 10.0

See Materials and methods section for details.
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were placed in metabolism cages. These animals were fasted 
after 3 pm (at least 15 h) and urine was collected from each 
animal. Urine samples were stored under refrigeration and 
shipped on cold packs to DuPont Haskell Global Centers for 
Health and Environmental Sciences. All blood samples were 
evaluated for quality by visual examination. Upon comple-
tion of clinical chemistry, remaining serum samples from 
two randomly selected animals were pooled at DuPont 
Haskell and sent to Charles River Diagnostics (Wilmington, 
MA) for serology.

Sacrifice and macroscopic observations

Scheduled sacrifice. At terminal sacrifice, all surviving 
males (Day 93) and all females (Day 94) were euthanized by 
exsanguination from the abdominal aorta under isoflurane 
anesthesia. All animals in the study (including decedents) 
were subjected to a full necropsy, which included examina-
tion of the external surface of the body, all orifices, and the 
thoracic, abdominal, and cranial cavities, and their contents. 
Additional tissues were preserved if indicated by signs of tox-
icity or target organ involvement.

Histopathology. Histological examination was performed 
on the preserved organs and tissues of the animals from both 
the control and high dose groups (Groups 1 and 4, respec-
tively) as well as from any animal that died during the course 
of the study. In addition, gross lesions of potential toxicologi-
cal significance noted in any test groups at the time of ter-
minal sacrifice were also examined. Due to findings in the 
males and females of Group 4 high dose, the nasal turbinates 
were evaluated in the intermediate Group 3 animals. The 
fixed tissues were trimmed, processed, embedded in paraf-
fin, microtomed, placed on glass microscope slides, stained 
with hematoxylin and eosin, and examined by light micro-
scopy. Slide preparation and histopathological assessment 
was performed by Histo-Scientific Research Laboratories (Mt. 
Jackson, VA).

Statistical analysis
Eurofins/Product Safety Laboratories performed statisti-
cal analysis of all data collected during the in-life phase 
of the study as well as organ weight data. DuPont Haskell 
Laboratory provided analysis of clinical pathology results to 
Eurofins/Product Safety Laboratories. The use of the word 
‘significant’ or ‘significantly’ indicates a statistically significant 
difference between the control and the experimental groups. 
Significance was judged at a probability value of p ≤ 0.05. Male 
and female rats were evaluated separately.

Statistical methods (in-life and organ weight data)
Group means and standard deviations were calculated for 
body weight, daily body weight gain, daily food consumption, 
daily food efficiency, organ weight, and organ-to-body/brain 
weight ratio, FOB and MA data. Data within groups were 
compared using a One-Way of Analysis (ANOVA), followed 
by comparison of the treated groups to control by Dunnett’s 
Multiple Comparisons test. Data were evaluated for homo-
geneity of variances and normality by the Bartlett’s test. Data 

that were considered significant by Bartlett’s test were further 
evaluated with a non-parametric method (Kruskal-Wallis or 
Dunn’s test) (INSTAT Biostatistics, Graph Pad Software, San 
Diego, CA). Motor activity data (overall total movements) 
were further analyzed using a Two-Way Repeated Measures 
ANOVA (SigmaStat, Version 2.03).

Statistical methods (clinical pathology)
Means and standard deviations were calculated for clini-
cal pathology quantitative data. Data within groups were 
initially analyzed using Levene’s test for variance homoge-
neity, and the Shapiro-Wilk test for normality. If variances 
were considered not significantly different, groups were 
compared using a One-Way Analysis of Variance (ANOVA) 
followed by Dunnett’s t-test for multiple comparisons. If 
the Shapiro-Wilk test was not significant but Levene’s test 
was significant, a robust version of Dunnett’s test was used. 
Where variances were considered significantly different by 
Levene’s test, groups were compared using a non-para-
metric method (Kruskal-Wallis non-parametric analysis 
of variance followed by Dunn’s test). Differences among 
groups were judged significant at a probability value of 
p ≤ 0.05. Male and female rats were evaluated separately.

Results

Acute oral toxicity
A single oral administration of UC-II was provided to female 
Sprague-Dawley rats to assess its acute toxicity following 
Up and Down procedure. UC-II, at the limit dose of level of 
5000 mg/kg body weight, did not cause any mortality and did 
not demonstrate any signs of gross toxicity, adverse pharma-
cologic effects, or abnormal behavior in the treated female 
rats following dosing and during the observation period of 
14 days thereafter. All animals survived, gained normal body 
weight, and appeared active and healthy during the study. 
No gross abnormalities or pathological alterations were 
noted for any of the rats when necropsied at the conclusion 
of the 14-day observation period (Table 1). Based on these 
results and under the conditions of this study, the acute oral 
LD

50
 of UC-II is greater than 5000 mg/kg of body weight in 

female rats.

Acute dermal toxicity
Acute dermal toxicity of UC-II was conducted in male and 
female Sprague Dawley rats to determine the potential for 
UC-II to cause toxicity from a single topical application. 
All animals survived, gained normal body weight, and 
appeared active and healthy during the study. There were 
no signs of dermal irritation, gross toxicity, adverse phar-
macologic effects, or abnormal behavior. No gross abnor-
malities were noted for any of the animals when necropsied 
at the  conclusion of the 14-day observation period. The 
findings are summarized in Table 4. Under the conditions 
of this study, the single dose acute dermal LD

50
 of UC-II is 

greater than 2000 mg/kg of body weight in both male and 
female-rats.
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Primary dermal irritation
Primary dermal irritation was investigated in male and 
female New Zealand albino rabbits to evaluate the poten-
tial of UC-II to produce irritation after a single topical 
application. Following application of UC-II, all animals 
appeared active and healthy. Apart from the dermal irri-
tation noted below, there were no signs of gross toxicity, 
adverse pharmacologic effects, or abnormal behavior. 
One hour after patch removal, very slight erythema was 
observed at all three treated sites. The overall incidence 
and severity of irritation decreased with time. All animals 
were free from dermal irritation within 24 h. A summary of 
Draize primary dermal irritation scoring criteria for dermal 
reactions and descriptive rating for mean primary dermal 
irritation index (PDII) is presented in Table 2. Under the 
conditions of this study, the PDII for UC-II was calculated 
to be 0.3, thus classifying UC-II to be slightly irritating to 
the skin (Table 5).

Primary eye irritation
A primary eye irritation test was conducted in New Zealand 
albino rabbits to determine the potential for UC-II to cause 
irritation from a single instillation via the ocular route. All 
animals appeared active and healthy. There were no signs 
of gross toxicity, adverse pharmacologic effects or abnor-
mal behavior. No corneal opacity or iritis was observed 
in any treated eye during the study. One hour following 
UC-II instillation, all treated eyes exhibited conjunctivitis 
(Table 6). Individual eye irritation scores are presented in 
Table 6 in accordance with the Draize Scale for scoring 
Eye Lesions and the Kay and Calandra Scheme for clas-
sifying eye irritants (Draize et al. 1944; Kay and Calandra 
1962). The overall severity of irritation decreased with time  
(Table 7). All animals were free of ocular irritation within 
48 h. Under the conditions of this study, the maximum 
mean total score (MMTS) of UC-II powder was determined 
to be 37.7 (Table 7), classifying UC-II to be moderately irri-
tating to the eye.

Mutagenicity test: Ames’ bacterial reverse mutation assay
No toxic effects of UC-II were noted in any of the five tester 
strains used up to the highest dose group evaluated (with 
and without metabolic activation). No biologically relevant 

increases in revertant colony numbers of any of the five tester 
strains were observed following treatment with UC-II at any 
concentration level, in neither the presence nor absence 
of metabolic activation. Therefore, UC-II did not cause 
gene mutations by base pair changes or frameshifts in the 
genome of the tester strains used, indicating that UC-II is 
non-mutagenic.

Mutagenicity test: Mouse lymphoma assay
In experiment I with metabolic activation, the relative 
total growth (RTG) was 108.55% for the highest concentra-
tion (2000 μg/ml) evaluated. The highest concentration 
 evaluated without metabolic activation was 2000 μg/ml with 
an RTG of 83.73%. In experiment II with metabolic activa-
tion, the RTG was 90.38% for the highest concentration 
(2000 μg/ml) evaluated. The highest concentration evalu-
ated without metabolic activation was 440 μg/ml with an 
RTG of 10.11%.

No biologically relevant increases of mutants were found 
after treatment with UC-II (with or without metabolic activa-
tion) in both experiments I and II. No dose-response rela-
tionship was observed. Additionally, in experiments I and 
II colony sizing showed no clastogenic effects induced by 
UC-II. Therefore, under the experimental conditions of this 
study, no evidence of mutagenic activity was detected for 
UC-II in the L5178Y mouse lymphoma cell line, and UC-II is 
concluded to be negative for the induction of mutagenicity 
in this assay.

Dose-dependent 90-day sub-chronic toxicity study
Ophthalmoscopic examinations
Both eyes of all animals were examined by focal illumina-
tion and indirect ophthalmoscopy prior to study initiation 

Table 4. Summary of acute dermal toxicity findings.

Sex

Body weight (g) Cage-side observations  
(days 0–14)

Necropsy observations 
(all tissues)Initial Day 7 Day 14

Male 252 299 341 Active and healthy No gross abnormalities

Male 248 302 352 Active and healthy No gross abnormalities

Male 239 322 364 Active and healthy No gross abnormalities

Male 257 314 369 Active and healthy No gross abnormalities

Male 251 299 349 Active and healthy No gross abnormalities

Female 196 204 234 Active and healthy No gross abnormalities

Female 201 218 232 Active and healthy No gross abnormalities

Female 210 223 240 Active and healthy No gross abnormalities

Female 211 216 245 Active and healthy No gross abnormalities

Female 199 225 249 Active and healthy No gross abnormalities

Table 5. Summary of primary skin irritation scores (average for three 
animals).

 

Time after patch removal

30–60 min 24 h 48 h 72 h

Erythema 1.0 0 0 0

Edema 0 0 0 0

Total (PDI*) 1.0 0 0 0

PDI: Primary dermal irritation = average erythema + average edema.
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and near experimental completion (Day 91). Both eyes of all 
surviving animals were ophthalmoscopically normal. There 
was no indication that the test substance, as evaluated, was 
an ocular toxicant.

Mortality and clinical observations
Two male animals (one in Group 3 and the other Group 4) were 
found dead on study days 86 and 69, respectively. The animal in 
Group 3 was active and healthy prior to death and died imme-
diately following the Motor Activity assessment. A cause of 
mortality could not be definitively determined; however, there 
was no evidence to suggest that mortality was attributable to 
test substance administration. Necropsy revealed a distended 
stomach filled with gas and food and the kidneys appeared 
enlarged. These observations had no histological correlate and 
there were no other apparent remarkable findings. The agonal 
change of congestion was the notable microscopic finding in 
the adrenal glands, kidneys, liver, and lung.

The animal in Group 4 died as a suspected result of a 
 gavaging error. Prior to death this animal exhibited hypoac-
tivity, hypothermia, moist rales, and irregular respiration 
accompanied by a red nasal discharge. Macroscopically, the 
trachea and esophagus were punctured, the thoracic cav-
ity was filled with a white liquid substance, and the lungs 
were dark red in color. Puncture of the esophagus noted at 

necropsy was associated microscopically with the presence 
of hemorrhage, inflammation, and myofiber degeneration at 
the edges of the puncture wound consistent with an ante-
mortem incident. Puncture of the trachea noted at necropsy 
was not observed at the time of trimming. Noted microscopic 
findings associated with the esophageal puncture were 
marked lung atelectasis, moderate fibrinous inflammation of 
the lungs involving the pleura, and slight fibrinous inflamma-
tion involving the heart (epicardium). Lymphoid depletion 
noted in lymph nodes, spleen, and thymus was a secondary 
alteration related to stress/cachexia and was not a primary 
finding associated with test substance administration.

There were no test substance-related clinical signs in any 
test group (see Table 3) that were considered to be of toxi-
cological significance. Transient clinical signs included black 
ocular discharge for one Group 1 (control) male on Days 
15–34, one Group 2 (40 mg/kg/day) male on Days 22–35, and 
one Group 1 female on Day 39. Red ocular discharges for one 
Group 2 male on Days 43–45; red stained fur for one Group 2 
male on Days 50–81 and 84–92, one Group 4 (1000 mg/kg/day) 
male on Days 50–92, two Group 3 (400 mg/kg/day) females on 
Days 59–62 and 60–65, respectively, were observed. Red facial 
stainings for one Group 1 male on Days 71–77, one Group 2 
male on Days 42–50 and 82–83, one Group 4 male on Days 
39–50, and one Group 3 female on Days 63–70 were noted. 
Hyperactivity for two Group 3 males on Days 36 and 64 and 
Day 50, respectively, and one Group 4 male on Day 50 and 
one Group 2 female on Day 92 was observed. One Group 1 
male was noted with a swollen right hindlimb (Days 22–24, 
28), hind end impairment (Days 28–42), and swollen foot pads 
(Days 29–63). One Group 1 male had a wound on the ventral 
surface of the head on Days 15–27. One Group 1 male had a 
wound on the right ear on Days 78–92. One Group 3 male had 
a small scab on the right side of the face on Days 8–18, and one 
Group 1 female had a small scab on the top of its head on Days 
1–19; one Group 4 male exhibited enophthalmos (right eye) 

Table 6. Individual scores for ocular irrigation.

   

I. Cornea II. Iris III. Conjunctivas

TotalA. Opacity B. Area (A × B) × 5 A. Values A × 5 A. Redness B. Chemosis C. Discharge (A + B + C) × 2

Rabbit 
3401 Male

Hours 1 1 3 15 1 5 3 2 3b 16 36

24 1a 1 5 1 5 3 2 2 14 24

48 0a 4 0 0 0 2 1 1 8 8

72 0 4 0 0 0 1 0 0 2 2

Days 4 0 4 0 0 0 0 0 0 0 0

Rabbit 
3402 
Female

Hours 1 1 3 15 1 5 3 2 3b 16 36

24 1a 1 5 1 5 2 2 2 12 22

48 0a 4 0 0 0 2 1 1 8 8

72 0 4 0 0 0 1 0 0 2 2

Days 4 0 4 0 0 0 0 0 0 0 0

Rabbit 
3402 
Female

Hours 1 1 4 20 1 5 3 2 3b 16 41

24 1a 2 10 1 5 2 2 2 12 27

48 0a 4 0 0 0 2 1 1 8 8

72 0 4 0 0 0 1 0 0 2 2

Days 4 0 4 0 0 0 0 0 0 0 0
a 2% ophthalmic fluorescein sodium was used to evaluate the extent or verify the absence of corneal opacity.
b Discharge was white in color.

Table 7. Summary of mean scores of severity and reversibility of primary 
eye irritation study.

Time post-instillation Severity of irritation

1 h 37.7

24 h 24.3

48 h 8.0

72 h 2.0

4 days 0.0

Maximum Mean Total Score (MMTS) was observed at 1 h post-instilla-
tion. See Materials and methods section for details.
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on Days 50–92. One Group 2 male exhibited variable red nasal 
discharge, reduced fecal volume, ano-genital staining, soft 
feces, moist rales, hunched posture, and piloerection on Days 
53–72. The above findings did not show any adverse effects 
and did not appear to be test substance-related because they 
were found across all test groups, including control animals.

Body weight, organ weights, and body weight gain
Weekly body weights for male and female rats at 40, 400, and 
1000 mg/kg/day were comparable with control values. Overall 
(Days 1–92) and mean daily body weight gain for male rats at 
40, 400, and 1000 mg/kg/day were comparable with control 
values (Table 8). Overall (Days 1–92) and mean daily body 
weight gain for female rats at 40, 400, and 1000 mg/kg/day 
were generally comparable with control values with the 
exception that daily body weight gain was decreased  during 
Week 3 for Group 4 females.

There were no changes in individual organ weights (Table 9) 
or individual organ-to-brain weights (Table 10). The organ-to-
body weight ratios were unaffected except that the kidney-to-
body weight ratios were significantly decreased in Group 3 
males (Table 11). This finding was not associated with any other 
clinical finding and did not herald any corresponding patho-
logical changes in the high dose animals. Therefore, this change 
was deemed incidental and of no toxicological interest.

Food consumption and food efficiency
Overall (Days 1–92) and mean daily food consumption for 
male rats at 40 and 400 mg/kg/day were comparable with 
control values. Food consumption was decreased for male rats 
at 1000 mg/kg/day (Group 4) during Weeks 5, 7–11, 13, and 
overall. Overall and mean daily food consumption for female 
rats at 40, 400, and 1000 mg/kg/day were generally comparable 
with control values with the exception of the following statisti-
cally significant findings. Food consumption was decreased in 
females during Weeks 1, 2, and overall at 400 mg/kg/day, and 
during Weeks 1, 8, and overall at 1000 mg/kg/day.

Overall and mean daily food efficiency for male rats at 
40, 400, and 1000 mg/kg/day were comparable with control 

values. Overall and mean daily food efficiency for female rats 
at 40, 400, and 1000 mg/kg/day were generally comparable 
with control values with the exception of the following sta-
tistically significant findings. Mean daily food efficiency was 
decreased during Week 3 for females at 40 mg/kg/day and at  
1000 mg/kg/day.

In summary, the oral administration of UC-II led to some 
dose-related decreases in food consumption in males and 
females; however, body weight, body weight gain, and food 
efficiency remained generally unaffected. Reductions in food 
consumption were considered test substance related and 
may be of some toxicological interest in light of the patho-
logical findings of nasal turbinate eosinophilia at the high 
dose (see Clinical Pathology section).

Functional observational battery
In general, the functional behavioral results of the test groups 
of male and female rats were considered comparable to the 
control groups. Any decreases in quantitative measurements 
or increases in incidence of open field measurements were 
minimal and not associated with a constellation of findings 
that would support a toxicologically significant behavioral 
change. In males, these findings included normal (sleeping) 
postures in 5/10 Group 2 males and 2/10 Group 3 males. 
Enophthalmos for 1/10 Group 4 males, an inactive/alert 
activity level for 1/10 Group 2 males, 1/10 Groups 3 males, 
and 1/10 Group 4 males were observed. A slow reaction to 
right itself for 1/10 Group 1 males; no approach responses 
for 1/10 Group 2 males and 2/10 Group 3 males; as well as no 
tactile responses for 2/10 Group 1 males, 1/10 Group 2 males, 
2/10 Group 3 males, and 1/10 Group 4 males were noted. In 
females, these findings included no tactile responses for 1/10 
Group 1 females and 1/10 Group 3 females.

Motor activity
The Motor Activity results of the test groups of male and 
female rats were considered comparable to the con-
trol groups. In general, all groups of animals (including 
control) exhibited a similar level of movement over all 

Table 8. Summary of average weekly body weight.

Days

Group (male) Group (female)

1 2 3 4 1 2 3 4

1 207.2 ± 6.1 207.5 ± 6.9 206.8 ± 6.1 205.7 ± 6.3 160.7 ± 8.1 159.4 ± 7.3 157.7 ± 6.9 161.0 ± 7.0

8 252.2 ± 9.2 251.8 ± 11.7 247.7 ± 9.1 247.3 ± 10.9 182.6 ± 8.6 175.6 ± 11.4 174.3 ± 7.4 175.4 ± 9.1

15 278.5 ± 13.6 277.7 ± 13.8 274.2 ± 10.5 271.1 ± 14.6 195.6 ± 7.4 189.8 ± 12.0 189.9 ± 8.7 191.4 ± 9.4

22 302.6 ± 17.9 305.5 ± 18.5 299.4 ± 11.2 294.3 ± 19.0 215.3 ± 10.5 202.6 ± 14.7 208.8 ± 14.0 202.7 ± 10.8

29 318.3 ± 24.4 322.8 ± 18.7 315.9 ± 12.6 311.8 ± 18.4 223.3 ± 13.4 212.3 ± 15.9 211.7 ± 16.5 211.3 ± 12.5

36 332.6 ± 26.5 336.3 ± 20.9 330.0 ± 12.0 326.3 ± 20.5 225.5 ± 12.6 218.0 ± 13.5 215.2 ± 10.9 215.4 ± 10.9

43 349.7 ± 25.2 351.7 ± 23.8 345.7 ± 13.0 324.8 ± 23.1 234.1 ± 14.4 222.4 ± 16.5 225.2 ± 17.0 224.8 ± 14.5

50 364.2 ± 24.3 367.2 ± 25.2 359.4 ± 15.5 352.4 ± 23.6 241.7 ± 16.2 229.3 ± 15.6 229.6 ± 16.8 233.0 ± 17.5

57 373.2 ± 24.3 368.6 ± 37.2 368.9 ± 17.2 358.5 ± 25.2 246.7 ± 18.7 234.5 ± 18.4 233.7 ± 15.3 233.4 ± 13.6

64 379.6 ± 25.0 377.0 ± 36.8 376.4 ± 18.3 360.1 ± 29.5 249.1 ± 16.0 238.2 ± 17.7 235.9 ± 15.1 237.1 ± 15.8

71 386.3 ± 25.1 386.5 ± 28.1 385.5 ± 17.6 371.0 ± 27.9† 250.5 ± 13.6 241.2 ± 16.4 239.8 ± 14.6 241.7 ± 14.9

78 396.2 ± 28.3 397.6 ± 28.0 394.0 ± 18.5 380.8 ± 32.0† 254.5 ± 15.4 245.2 ± 12.9 244.6 ± 18.5 244.8 ± 14.6

85 400.2 ± 27.9 402.4 ± 28.7 399.2 ± 18.6 388.1 ± 29.8† 256.3 ± 15.2 247.5 ± 15.7 246.7 ± 16.2 246.3 ± 13.7

92 394.9 ± 25.2 398.3 ± 29.9 390.9 ± 19.5† 377.7 ± 26.4† 250.7 ± 12.7 243.0 ± 14.8 240.3 ± 17.1 242.1 ± 15.0

Values are the Mean ± SD (n = 10 except for † n = 9). No significant difference from control was observed. See Materials and methods section for details.
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intervals. No statistical differences were noted in any male 
or female group compared to their corresponding control 
(Table 12).

Clinical pathology

Hematology. Absolute platelet count (PLT) was signifi-
cantly decreased in males administered 40 mg/kg/day 

compared with control animals (86% of control). This 
change in mean hematology parameters was not adverse 
and not considered related to exposure to the test sub-
stance because the pathological changes did not occur in 
a dose-related pattern and because they were not accom-
panied by any other corresponding  clinical- or histo-
pathological change.

Table 9. Summary of mean organ weight.

Organ

Group (male) Group (female)

1 2 3 4 1 2 3 4

Adrenals 0.066 ± 0.009† 0.071 ± 0.009 0.067 ± 0.006 0.067 ± 0.011 0.074 ± 0.006 0.072 ± 0.011 0.070 ± 0.004 0.072 ± 0.008

Brain 1.99 ± 0.10 1.98 ± 0.07 1.99 ± 0.07 1.95 ± 0.10 1.85 ± 0.05 1.81 ± 0.06 1.81 ± 0.07 1.85 ± 0.10

Heart 1.31 ± 0.13 1.38 ± 0.11 1.29 ± 0.08 1.29 ± 0.16 0.90 ± 0.09 0.95 ± 0.09 0.89 ± 0.09 0.93 ± 0.09

Kidney 2.90 ± 0.28 2.92 ± 0.19 2.65 ± 0.13 2.79 ± 0.30 1.76 ± 0.11 1.70 ± 0.08 1.72 ± 0.13 1.74 ± 0.18

Liver 10.07 ± 0.87 10.51 ± 0.79 9.85 ± 0.49 9.25 ± 0.83 6.01 ± 0.50 5.99 ± 0.33 5.81 ± 0.34 5.96 ± 0.41

Spleen 0.76 ± 0.10 0.81 ± 0.09 0.75 ± 0.08 0.69 ± 0.08 0.60 ± 0.07 0.62 ± 0.06 0.59 ± 0.08 0.63 ± 0.09

Thymus 0.300 ± 0.054 0.366 ± 0.129 0.313 ± 0.059 0.271 ± 0.062 0.260 ± 0.025 0.243 ± 0.058 0.253 ± 0.038 0.233 ± 0.055

Epididymides 1.490 ± 0.175 1.434 ± 0.222† 1.516 ± 0.119 1.569 ± 0.123 — — — —

Testes 3.87 ± 0.31 3.98 ± 0.23 3.81 ± 0.33 3.80 ± 0.37 — — — —

Ovaries — — — — 0.139 ± 0.018 0.131 ± 0.017 0.134 ± 0.018 0.147 ± 0.023

Uterus/
Fallopian tubes

— — — — 0.78 ± 0.19 0.65 ± 0.24 0.75 ± 0.50 0.67 ± 0.21

Values are the Mean ± SD (n = 10 except for † n = 9). No significant difference from control was observed. See Materials and methods section for details.

Table 10. Summary of mean organ-to-brain weight ratios.

Organ

Group (male) Group (female)

1 2 3 4 1 2 3 4

Adrenals 0.030 ± 0.011† 0.036 ± 0.004 0.034 ± 0.004 0.035 ± 0.006 0.040 ± 0.003 0.040 ± 0.006 0.039 ± 0.003 0.039 ± 0.006

Heart 0.66 ± 0.07 0.70 ± 0.06 0.65 ± 0.05 0.66 ± 0.09 0.49 ± 0.05 0.53 ± 0.05 0.49 ± 0.04 0.51 ± 0.05

Kidney 1.45 ± 0.13 1.47 ± 0.09 1.33 ± 0.09 1.43 ± 0.15 0.95 ± 0.07 0.94 ± 0.05 0.95 ± 0.06 0.94 ± 0.07

Liver 5.05 ± 0.40 5.31 ± 0.42 4.95 ± 0.32 4.76 ± 0.50 3.25 ± 0.24 3.31 ± 0.25 3.22 ± 0.18 3.23 ± 0.24

Spleen 0.38 ± 0.06 0.41 ± 0.05 0.38 ± 0.04 0.35 ± 0.05 0.32 ± 0.03 0.35 ± 0.04 0.32 ± 0.04 0.34 ± 0.04

Thymus 0.151 ± 0.026 0.185 ± 0.066 0.157 ± 0.030 0.140 ± 0.034 0.140 ± 0.012 0.134 ± 0.032 0.140 ± 0.021 0.126 ± 0.029

Epididymides 0.747 ± 0.069 0.725 ± 0.120† 0.760 ± 0.040 0.807 ± 0.080 — — — —

Testes 1.94 ± 0.10 2.01 ± 0.14 1.91 ± 0.16 1.95 ± 0.24 — — — —

Ovaries — —   0.075 ± 0.009 0.072 ± 0.011 0.074 ± 0.009 0.079 ± 0.011

Uterus/
Fallopian tubes

— —   0.42 ± 0.10 0.36 ± 0.13 0.42 ± 0.29 0.36 ± 0.10

Values are the Mean ± SD (n = 10 except for † n = 9). No significant difference from control was observed. See Materials and methods section for details.

Table 11. Summary of mean organ-to-body weight ratios.

Organ

Group (male) Group (female)

1 2 3 4 1 2 3 4

Adrenals 0.178 ± 0.029† 0.188 ± 0.018 0.180 ± 0.014 0.190 ± 0.038 0.315 ± 0.031 0.317 ± 0.064 0.310 ± 0.031 0.316 ± 0.046

Brain 5.34 ± 0.31 5.27 ± 0.45 5.38 ± 0.31 5.49 ± 0.51 7.86 ± 0.49 7.94 ± 0.56 7.99 ± 0.41 8.11 ± 0.38

Heart 3.48 ± 0.22 3.67 ± 0.41 3.49 ± 0.28 3.62 ± 0.28 3.81 ± 0.29 4.16 ± 0.34 3.91 ± 0.30 4.09 ± 0.41

Kidney 7.72 ± 0.46 7.76 ± 0.62 7.14 ± 0.34* 7.81 ± 0.46 7.47 ± 0.61 7.43 ± 0.50 7.58 ± 0.35 7.62 ± 0.56

Liver 26.84 ± 0.94 27.91 ± 1.91 26.55 ± 0.66 25.92 ± 0.77 25.45 ± 1.43 26.21 ± 1.54 25.65 ± 1.21 26.11 ± 1.50

Spleen 2.04 ± 0.26 2.17 ± 0.30 2.02 ± 0.17 1.92 ± 0.14 2.55 ± 0.32 2.73 ± 0.29 2.58 ± 0.28 2.77 ± 0.38

Thymus 0.801 ± 0.134 0.974 ± 0.374 0.844 ± 0.163 0.766 ± 0.194 1.099 ± 0.086 1.064 ± 0.264 1.119 ± 0.167 1.019 ± 0.229

Epididymides 3.992 ± 0.510 3.876 ± 0.777† 4.089 ± 0.305 4.421 ± 0.444 — — — —

Testes 10.35 ± 0.75 10.59 ± 0.83 10.29 ± 1.11 10.66 ± 0.90 — — — —

Ovaries — — — — 0.589 ± 0.090 0.570 ± 0.061 0.591 ± 0.059 0.641 ± 0.089

Uterus/
Fallopian tubes

— — — — 3.30 ± 0.90 2.89 ± 1.21 3.32 ± 2.29 2.95 ± 0.86

Values are the Mean ± SD (n = 10 except for † n = 9). * Statistically significant different from control value (p < 0.05). See Materials and methods section 
for details.
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Absolute eosinophil concentration (AEOS) was 
 significantly increased in males administered 1000 mg/kg/
day (200% of control). Absolute eosinophil concentration 
was also significantly increased in high dose females in a 
generalized dose-related response. However, values did not 
reach the level of statistical significance due to high variabil-
ity within the group. Two females, in particular, showed high 
eosinophil levels, and this contributed to the overall increase 
in the group. Given that this finding occurred in more than 
one animal within the group and occurred as a generalized 
increase in all the males in Group 4, a test-substance related 
effect could not be discounted in females.

In addition to the above findings, one high dose female 
displayed detectable concentrations of absolute neutrophil 
band (ABAN). This finding, while appearing non-adverse, 
might be associated with an individual generalized granu-
locytic increase in response to test substance administration 
at the high dose.

Coagulation. There were no treatment-related or statisti-
cally significant effects in coagulation parameters.

Clinical biochemistry. There were no adverse changes 
in clinical biochemistry parameters in male or female rats 
(Table 13). The following statistically significant changes in 
mean clinical biochemistry results were not adverse and not 
considered related to exposure to the test substance because 
they were not dose-related and because they were not accom-
panied by any other corresponding clinical- or histopatho-
logical change. An increase in the aspartate aminotransferase 
(AST) concentration in males administered 40 mg/kg/day and 
females administered 400 mg/kg/day (113 and 115% of con-
trol, respectively) was observed. A decrease in sorbitol dehy-
drogenase (SDH) in females administered 40 and 400 mg/
kg/day (66 and 75% of control, respectively) occurred. Both 
aspartate  aminotransferase and sorbitol dehydrogenase are 
hepatocytic enzymes, their leakage suggestive of liver injury. 
However, only SDH is liver-specific, and is often accompanied 
by significant loss of liver mass. Given the absence of dose-de-
pendent changes, uncorrelative with any microscopic altera-
tions as well as the small magnitude of the change, there was 
no evidence to suggest that these changes were toxicologically 
relevant to test substance administration.

Urinalysis. There were no treatment-related or statistically 
significant effects in urinalysis parameters.

Serology. There were no detectable titers against the 
pathogens and antigens tested. In conclusion, there were no 

adverse changes in coagulation, clinical chemistry, or urinaly-
sis parameters in male or female rats administered UC-II. The 
statistically significant increase in eosinophil concentration 
in high dose males, with increases in high dose females were 
considered related to exposure to the test substance because 
this dose-related change was accompanied by potentially 
adverse histopathological change in the nasal cavity of both 
male and female high dose animals.

Sacrifice, macroscopic observations, and 
 histopathology. There were no UC-II related macroscopic 
findings at scheduled sacrifice, and mortality occurring pre-
maturely was deemed unrelated to test substance adminis-
tration. At termination, test substance-related microscopic 
findings were observed involving the nasal turbinates in 
males and females at 1000 mg/kg/day UC-II. An increase in 
the incidence and intensity of several findings involving the 
respiratory epithelium were noted in males and females at 
1000 mg/kg/day UC-II as compared to their respective con-
trols. Findings included goblet cell hypertrophy/hyperplasia, 
eosinophilic infiltrates, acute inflammation, and the presence 
of eosinophilic cytoplasmic droplets. The incidence and inten-
sity of these microscopic findings are presented in Table 14. 
The presence of eosinophilic droplets in the nasal turbinates of 
mice has been described as a non-adverse, adaptive response. 
Similarly, in this instance, their presence was deemed sec-
ondary to the other morphologic alterations described above 
for the nasal turbinates. There were statistically significant 
increases in absolute eosinophil counts for males at 1000 mg/
kg/day and a non-statistically significant increase in mean 
absolute eosinophil counts for females at 1000 mg/kg/day. 
These hematologic alterations are likely associated with the 
eosinophil infiltrates in the nasal turbinates, which may reflect 
a test substance-related  hypersensitivity reaction at the  highest 
dosage tested.

Microscopic findings unrelated to the test-substance 
administration include: sporadic alterations involving 
the esophagus attributable to repeated gavage proce-
dures, such as minimal-to-moderate esophageal changes 
included myofiber degeneration as well as fibroplasia, 
hemorrhage, inflammation, and pigmented macrophages 
(consistent with hemosiderin and resolving hemorrhage) 
involving the esophageal wall. In addition, sporadic find-
ings of minimal chronic inflammation and necrosis involv-
ing the Harderian glands were attributable to sequelae of 
end of study orbital sinus bleeds. The remaining findings 
were incidental and most commonly developmental, 

Table 12. Summary of motor activity assessment.

Interval

Group (male) Group (female)

1 2 3 4 1 2 3 4

1 158.6 ± 30.74 152.5 ± 25.96 154.2 ± 19.93 179.9 ± 41.01 163.8 ± 26.94 168.8 ± 29.90 153.6 ± 23.29 156.2 ± 14.52

2 93.9 ± 19.3 84.5 ± 20.7 93.3 ± 28.1 102.8 ± 21.9 95.2 ± 26.1 98.4 ± 28.4 79.8 ± 12.9 100.4 ± 15.82

3 63.3 ± 14.3 65.7 ± 22.6 72.9 ± 25.5 80.7 ± 20.3 66.1 ± 17.0 87.0 ± 28.0 61.3 ± 22.5 78.1 ± 17.4

4 64.8 ± 23.4 67.9 ± 25.3 70.5 ± 22.6 62.1 ± 15.3 67.8 ± 31.6 62.4 ± 25.6 59.9 ± 18.2 61.2 ± 19.9

5 62.8 ± 14.4 50.2 ± 12.2 60.9 ± 18.9 54.3 ± 27.1 51.6 ± 14.8 62.5 ± 24.5 56.3 ± 12.5 52.4 ± 24.8

6 63.3 ± 15.2 59.7 ± 27.0 59.0 ± 23.1 48.6 ± 26.6 72.8 ± 24.8 57.1 ± 28.9 44.5 ± 10.1 57.0 ± 13.4

Values are the Mean ± SD. No significant difference from control was observed. See Materials and methods section for details.
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Table 13. Mean clinical biochemistry values.

Parameter (Units)

Group (male) Group (female)

1 2 3 4 1 2 3 4

Aspartate 
Aminotransferase 
(AST, U/L)

91 ± 27 103 ± 15* 96 ± 15 97 ± 19 85 ± 7 97 ± 11 98 ± 17* 85 ± 9

Alanine 
Aminotransferase 
(ALT, U/L)

44 ± 7 49 ± 5 44 ± 5 50 ± 10 36 ± 4 41 ± 6 41 ± 6 37 ± 3

Sorbitol 
Dehydrogenase  
(SDH, U/L)

9.2 ± 2.5 8.6 ± 3.7 8.2 ± 2.7 9.2 ± 1.7 10.8 ± 2.4 7.1 ± 2.1* 8.1 ± 2.8* 8.6 ± 1.7

Alkaline Phosphatase 
(ALKP, U/L)

126 ± 32 137 ± 22 139 ± 34 135 ± 27 103 ± 30 103 ± 27 104 ± 23 88 ± 18

Total Bilirubin (BILI, 
mg/dL)

0.14 ± 0.02 0.14 ± 0.03 0.14 ± 0.003 0.16 ± 0.03 0.18 ± 0.02 0.20 ± 0.04 0.19 ± 0.03 0.18 ± 0.03

Blood Urea Nitrogen 
(BUN, mg/dL)

21 ± 3 21 ± 3 20 ± 1 21 ± 5 20 ± 2 21 ± 3 22 ± 4 23 ± 2

Creatinine  
(CREA, mg/dL)

0.29 ± 0.03 0.31 ± 0.03 0.31 ± 0.02 0.31 ± 0.04 0.39 ± 0.04 0.39 ± 0.06 0.41 ± 0.05 0.39 ± 0.04

Cholesterol  
(CHOL, mg/dL)

79 ± 10 82 ± 10 80 ± 9 80 ± 8 90 ± 18 84 ± 10 84 ± 13 85 ± 18

Triglycerides  
(TRIG, mg/dL)

49 ± 9 45 ± 8 45 ± 12 38 ± 8 28 ± 5 31 ± 6 28 ± 6 27 ± 7

Glucose  
(GLUC, mg/dL)

159 ± 24 160 ± 36 155 ± 23 160 ± 30 119 ± 15 120 ± 12 125 ± 14 116 ± 15

Total protein  
(TP, g/dL)

6.3 ± 0.2 6.3 ± 0.3 6.4 ± 0.2 6.4 ± 0.3 6.5 ± 0.3 6.8 ± 0.5 6.8 ± 0.2 6.8 ± 0.2

Albumin (ALB, g/dL) 3.2 ± 0.2 3.2 ± 0.1 3.2 ± 0.1 3.3 ± 0.2 3.5 ± 0.2 3.6 ± 0.1 3.5 ± 0.2 3.6 ± 0.2

Globulin (GLOB, g/dL) 3.1 ± 0.2 3.2 ± 0.3 3.1 ± 0.2 3.1 ± 0.2 3.0 ± 0.2 3.2 ± 0.4 3.3 ± 0.3 3.2 ± 0.2

Calcium  
(CALC, mg/dL)

9.5 ± 0.5 9.6 ± 0.5 9.7 ± 0.2 9.6 ± 0.3 9.8 ± 0.4 9.9 ± 0.5 9.9 ± 0.3 10.0 ± 0.3

Inorganic Phosphorus 
(IPHS, mg/dL)

6.3 ± 0.7 6.6 ± 1.0 6.5 ± 0.5 6.5 ± 0.5 6.0 ± 0.9 5.8 ± 0.7 6.2 ± 0.5 5.5 ± 0.5

Sodium (NA, mmol/L) 144.6 ± 6.0 144.8 ± 3.9 145.0 ± 6.6 145.0 ± 4.1 146.1 ± 5.5 145.4 ± 7.7 146.7 ± 4.4 148.0 ± 7.6

Potassium  
(K, mmol/L)

6.06 ± 0.60 5.99 ± 0.75 5.86 ± 0.47 6.14 ± 0.32 5.17 ± 0.44 5.37 ± 0.45 5.33 ± 0.47 5.32 ± 0.54

Chloride  
(CL, mmol/L)

103.5 ± 3.1 103.8 ± 3.2 104.2 ± 4.6 103.2 ± 1.7 105.8 ± 2.6 105.3 ± 4.4 105.7 ± 3.1 107.1 ± 4.5

Values are the mean ± SD (n ≥ 8). * Statistically significant different from control values (p < 0.05).

Table 14. Incidence and severity of microscopic nasal turbinate findings.

Group 1 3 4

Dose volume (mg/kg/day) 0 400 1000

Sex Male Female Male Female Male Female

Goblet cell hypertrophy/hyperplasia: respiratory epithelium 1 0 0 1 9 9

 Grade 1 0 0 0 0 0 0

 Grade 2 1 0 0 1 5 8

 Grade 3 0 0 0 0 4 1

Eosinophil infiltrates: respiratory epithelium 1 0 1 1 9 9

 Grade 1 1 0 1 1 5 2

 Grade 2 0 0 0 0 4 7

Acute inflammation: respiratory epithelium 0 0 0 0 4 1

 Grade 1 0 0 0 0 3 1

 Grade 2 0 0 0 0 1 0

Eosinophil droplets: respiratory epithelium cytoplasmic 0 0 1 1 9 7

 Grade 1 0 0 0 1 4 4

 Grade 2 0 0 1 0 5 3

See Materials and methods section for details.
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inflammatory, or degenerative changes that can be seen 
in the age and strain of rat used in this study. Examples 
included, but were not limited to, nephropathy, pulmonary 
alveolar histiocytosis, pituitary gland cyst, and ectopic thy-
mus in thyroid gland. UC-II related microscopic findings 
were observed involving the respiratory epithelium of the 
nasal turbinates in males and females at 1000 mg/kg/day 
UC-II. Salient microscopic observations included eosi-
nophil infiltrates, goblet cell hypertrophy and hyperplasia, 
and acute inflammation. Therefore, under the conditions of 
this study, the anatomic pathology no-observed-adverse-
effect level (NOAEL) for UC-II was 400 mg/kg/day follow-
ing daily oral gavage to male and female Sprague-Dawley 
rats for at least 90 days.

Discussion

Given that OA is the most prevalent form of arthritis and that 
the number of persons affected with OA will increase signifi-
cantly in the near future, finding alternative, safer pharmaco-
logical therapies for OA is of considerable importance. With 
the continued growth of the elderly population in the US, 
OA is becoming a major medical and financial concern. In 
the last few years, various nutritional supplements including 
chondroitin, glucosamine, avocado/soybean unsaponifia-
bles, and diacerein have emerged as new treatment options 
for osteoarthritis. Among these nutraceuticals, the efficacy of 
UC-II was repeatedly demonstrated in animal (Deparle et al. 
2005; D’Altilio et al. 2007; Peal et al. 2007; Bagchi et al. 2008a; 
2009; Gupta et al. 2009a; b) and human (Bagchi et al. 2008b; 
Crowley et al. 2009) studies without any significant adverse 
events.

The current study demonstrated the broad-spectrum 
safety of UC-II in animals over the dose levels and routes 
of administration tested. Acute oral toxicity did not reveal 
any significant changes for all examined tissues. Based on 
these results, the oral LD

50
 of UC-II was concluded to be 

> 5000 mg/kg in female rats. Acute dermal toxicity study 
conducted with a single 2000 mg/kg dose of UC-II applied 
directly to the skin of male and female rats for 24 h revealed 
no dermal irritation, adverse pharmacological effects, or 
abnormal behavior. Based on these results, the acute der-
mal LD

50
 of UC-II was > 2000 mg/kg. The primary dermal 

irritation assay using a single 1000 mg dose of UC-II applied 
directly to the skin of rabbits for 4 h caused an initial redness 
of the skin. The overall incidence and severity of irritation 
decreased with time and irritation completely subsided by 
24 h. Based on these results, UC-II was classified as slightly 
irritating to the skin. There were no other signs of gross tox-
icity, adverse pharmacologic effects, or abnormal behavior. 
Primary eye irritation was tested in rabbits using a single 
dose of 60 mg. One hour after UC-II application, treated eyes 
exhibited corneal opacity, iritis, and positive conjunctivitis. 
The overall incidence and severity of irritation decreased 
gradually with time. All animals were free of ocular irritation 
within 96 h. Based on these results, UC-II was classified as 
moderately irritating to the eye.

Ames’ Bacterial Reverse Mutation Assay using five strains 
of Salmonella typhimurium (TA98, TA100, TA1535, TA1537, 
and TA102) was used to evaluate the mutagenic potential 
of UC-II in the presence and absence of metabolic activa-
tion. UC-II was determined to be non-mutagenic. Cell gene 
mutation assay in mouse lymphoma cells was conducted to 
test the mutagenic potential of UC-II in the L5178Y mouse 
lymphoma cell line. UC-II did not induce mutagenic effects 
either with or without metabolic activation.

The results from the 90-day sub-chronic toxicity study did 
not show any adverse effects in individual body weight or 
individual organ weight after 90 days of UC-II administration 
in increasing doses. No significant changes in organ-to-body 
weight ratios were observed except for the kidney-to-body 
weight ratio, which was significantly decreased in Group 
3 males. This finding was not associated with any other 
clinical findings, and did not indicate any corresponding 
pathologic changes in the high dose animals. Therefore, this 
change was deemed incidental and of no toxicological inter-
est. Mortality of a single Group 3 male and a single Group 
4 male were not associated with test substance adminis-
tration. Test substance-related microscopic findings were 
observed involving the respiratory epithelium of the nasal 
turbinates in males and females at 1000 mg/kg/day UC-II. 
Salient microscopic observations included eosinophil infil-
trates, goblet cell hypertrophy and hyperplasia, and acute 
inflammation. Therefore, under the conditions of this study, 
the anatomic pathology no-observed-adverse-effect level 
(NOAEL) for UC-II was 400 mg/kg/day following daily oral 
gavage to male and female Sprague-Dawley rats for at least 
90 days.

Overall, results from the current study combined with the 
animal (Deparle et al. 2005; D’Altilio et al. 2007; Peal et al. 
2007; Bagchi et al. 2008a; 2009; Gupta et al. 2009a; b) and 
human (Bagchi et al. 2008b; Crowley et al. 2009) data dem-
onstrate the broad-spectrum safety of UC-II.
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