| eniartoch

Clinical Studies

HHHHHH
AAAAAA




INT. J. CLIN. PHARM. RES. XX11(3/4) 101-110 (2002)

EFFECTS OF ORALLY ADMINISTERED UNDENATURED TYPE i
COLLAGEN AGAINST ARTHRITIC INFLAMMATORY DISEASES:
A MECHANISTIC EXPLORATION

BAGCHI D.,' MISNER B.,2 BAGCHI M., KOTHARI S.C.,> DOWNS B.W.,3
FAFARD R.D.,® PREUSS H.G.*

1) Department of Pharmacy Sciences, School of Pharmacy and Health Professions, Creighton University
Medical Center, Nebraska, USA.

2} E-CAPS, Inc. and Hammer Nutrition Limited, Washington, USA.

3) InterHealth Research Center, California, USA.

4) Department of Physioclogy., Medicine and Pathology, Georgetown University Medical Center, Washington
DC, USA.

Summary: Arthritis afflicts approximately 43 million Americans or approximately 16.6% of the US population.
The two most common and best known types of arthritis are osteocarthritis (OA) and rheumatoid arthritis (RA). A
significant amount of scientific research has been done in attempts 1o explain what inftiates forms of arthritis,
how it is promoted and perpetuated and how to effectively intervene in the discase process and promote car-
tilage remodeling. Current pharmacological strategies mainly address immune suppression and antiinflamma-
tory mechanisms and have had limited success. Recent research provides evidence that alterations in the
three-dimensional configuration of glycoproteins are responsible for the recognition/response signaling that cai-
alyzes T-cell attack. Oral administration of autoantigens has been shown to Suppress a varfety of experimental-
ly induced autoimmune pathologies, including antigen-induced RA. The interaction between qut-associated
ymphotd tissue in the duodenum and epitopes of orally administered undenaiured tyoe Il collagen facilitates
oral tolerance 1o the antigen and stemns systemic T-cell attack on joint cartilage. Previous studies have shown
that small deses of orally administered undenatured type Il chicken collagen effectively deactivate killer T-cail
attack. A novel glycosylated undenatured type Il collagen material (UC-1l) was developed to preserve biological
aclivity. The presence of active epitopes in the UC-Il coflagen is confirmed by an enzyme-linked immunosor-
bent assay test and distinguishes this form from hydrolyzed or denatured collagen. Oral intake of small armounts
of glycosylated UC-Ii presents active epitopes, with the correct three-dimensional structures, to Peyer's patch-
es, which influences the signaling required for the development of immune tolerance. UC-Il has demonstrated
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the ability to induce tolerance, effectively reducing joint pain and swelling in RA subjects. A pilot study was con-
ducted for 42 days to evaluate the efficacy of UC-II (10 mg/day) in five fernale subjects (58-78 years) suffering
from significant joint pain. Significant pain reduction including morning stiffiness, stiffness following periods of
rest, pain that worsens with use of the affected joint and loss of joint range of motion and function was observed.
Thus, UC-I may serve as a novel therapeutic tool in joint inflammatory conditions and symptoms of OA and RA.

Introduction

Arthritis represents a group of debilitating dis-
eases of the joints, bones, tendons, muscles and
eventually organs. It afflicts approximately 43 million
Americans, impasing a cost in excess of $65 billion
annually (1). The two most common types are
osteoarthritis (OA) and rheumatoid arthritis (RA), tra-
ditionally defined as age-related "wear-and-tear"
arthritis and "autoimmune” arthritis, respectively (1,
2). However, inflammatory respense has been identi-
fied to be a common mediator in both types of arthri-
tis (1, 2).

Understanding of RA pathogenesis has changed
over the years. RA is characterized by attack of killer
T-cells on type il joint collagen, which results in dam-
age to cartilage, joint swelling, pain and inflammation
(3-6). The body’s attempts to remodet joint cartilage
are outpaced by immune mediated attack on and
degradation of joint cartilage (3-6). Collectively, these
events have been characterized as an out-of-control
autoimmune response (3). Extensive research has
explored the multifaceted dynamics of recognition,
response and compensatory homeostatic mecha-
nisms in an effort to understand, manage and main-
tain immune competence. Research in transgenic
mice points to the possibility that B-lymphocytes and
immunoglobulins outside the joint indirectly provoke
RA pathogenesis via a self-reactive T-cell receptor in
the joint (7). However, our understanding of auto-

immunity still presents unresoived challenges that
may require a paradigm shift in research for the
development of effective and safe therapies.

It has been proposed that mechanisms involved
in host defense, protection and maintenance of self-
integrity are counteracting forces 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 immune systems are aggressively pro-
tecting the reproductive potential of the host.
Misrecognition of seif would be a predictable defi-
ciency of the system (8). Autoimmune disorders are
less prevalent in the young, increasing with advanc-
ing age and decline of reproductive potential.
Indeed, there is a clear relationship between advanc-
ing age and an increased incidence of arthritis. To
explain this, one rationale theorizes that RA disease
must result from a deteriorating function of the im-
mune system, which provides ideal conditions for a
breakdown in self-tolerance (8). Decreased recogni-
tion and up-regulated self-attack is a logical conclu-
sion consistent with an age-related decline in im-
mune efficiency (9). However, explanations regarding
“autoreactivity” of the immune system in RA disease
favor an emphasis on functional flaws in surveillance,
recognition and response (and their sympiomatic
manifestations) rather than the possibility that struc-
tural flaws in immune system complexes, and possi-
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bly the target tissues, may be etiological catalysts.
Recent straiegies for therapeutic management of RA,
therefore, focus on methods of inhibiting symptom
manifestation to reduce the severity of the end-stage
of this disease (10).

Etiological and therapeutic research faces the
challenge of explaining how arthritic processes origi-
nate and progress (2). Most of the past and current
work on rheumatoid diseases examine strategies to
intervene or hait “out of control” immunologic and/or
inflammatory events associated with autcimmune
disease (10). The traditional paradigm proposes that
RA Is an immunological disorder for an as yet uniden-
tified arthrogenic antigen. Various immunological fac-
tors are invoived, such as CD4-inducer lymphocytes,
CD4 cells, macrophages, neutrophils and tumor
necrosis factor- (9, 10). This conventional view has
procuded pharmacological therapies that favor
manipulation of cyclooxygenase-2 events and immune
suppression, with less than ideal results. Almost all of
the biomolecules responsible for innate and adaptive
immune response are glycoproteins (11). However,
little attention is directed at the possibility that im-
paired glycosylation affects the configuration of gly-
coproteins, including IgG and type Il collagen. These
may alter recognition and response signaling during
immune surveillance, inciting attack on the body's
own joint coliagen (11-19).

This view suggests that the term hyperreactive
“immune abnormality" may be a misnomer for RA, as
the immune system is behaving appropriately
against host tissues ultimately identified as foreign
pathogenic antigens (10). Altered glycosylation could
produce a number of identification errors responsible
for up-regulating self-attack. Among the possibilities
are misidentification of type i joint collagen as anti-
genic by aberrant IgG, possible binding of hypo-
galactosylated IgG with certain rheumatoid factors
leading to significant levels of immune complexes
characteristic of RA and/or appropriate glycomic

identification 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 possibility of
flaws in glycosylation/galactosylation. This phenome-
non is at the root of impaired immunological recogni-
tion and response activities for the hyper-autoreac-
tive immune self-destruction of joint collagen in the
pathogenesis of RA (19, 20). Hence, alterations in
glycosylation/ galactosylation are halimark character-
istics of RA. This also provides a possible explana-
tion as to who orally ingested native type Il collagen
produces tolerance, down-regulating autoimmune
aggression (3, 4).

Impaired galactosylation affects glycoprotein
synthesis, altering the requisite three-dimensional
conformations of glycoproteins such as type Il colla-
gen and IgG, producing the foss of seif-recognition.
Lang and Yeaman (20) demonstrated that removal of
carbchydrate moieties from antigens resulted in a
loss of antibody binding. In RA patients, decreased
levels of B1-4 galactosyltransferase activity in periph-
eral blood B- and T-lymphocytes correlates with the
decreased galactosylation of serum IgG (13).

Immunoglobulins are by definition glycoprotein
molecules produced by plasma cells in response to
an immunogen, which function as antibodies (11). In
RA, immune complexes that consist exclusively of
immunoglobulin are present, indicating a role as both
antibody and antigen. Both cartilage and immune
system complexes are, for the most part, made of
glycoprotein structures in which glycoprotein synthe-
sis requires the necessary substrate and competent
glycosylation (16). Impaired glycosylation/galactosy-
lation intersects at a number of junctures contributing
to the initiation, promotion and progression stages of
RA (11-19).

Comparisons of the N-glycosylated pattern of
serum IgG isolated from healthy individuals with that
of RA patients demonstrates that differences ob-
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served in RA patients are due to changes in the rela-
tive extent of glycosylation compared with normal
individuals. In RA, an increased number of oligosac-
charide structures lack the terminal galactose
residue (19). This suggests that RA may be a glyco-
sylation disease, reflecting changes in the intracellu-
lar processing, or post-secretory degradation of
N-linked oligosaccharides (12, 19). Other research has
reported a decrease in galactose residues in the
oligosaccharide chains of the serum IgG of RA pa-
tients, which was presumed to affect the three-dimen-
sional structure of the CH, domain. Galactose- deplet-
ed IgG reduced Clq binding and Fc receptor binding,
which implies an important biological function of the
glyconutrient moiety of IgG (16). Rademacher et al.
(17) clearly demonstrated that galactose-deficient IgG
glycoforms are directly associated with pathogenicity
in collagen-induced rheumatoid arthritis in mice.
Nonpathogenic autoantibodies were made pathogen-
ic by altering their glycosylation state (17).
Immunization with undenatured type It collagen
{antigen) has been shown to induce arthritis (21).
However, orally ingested undenatured native anti-

gens interact with gut-associated lymph tissue
(GALT), resulting in an entirely opposite effect. Oral
tolerization, using small doses of glycosylated unde-
natured type Il collagen (UC-1I), has demonstrated its
effectiveness in turning off T-cell attack on type Ii joint
collagen, inducing immunological hyporesponsive-
ness, and reducing pain and inflammation (3-6). In
contrast, while denatured collagen may provide a
nutritional source of substrate for joint cartilage syn-
thesis, research demonstrates that it does not induce
immunological hyporesponsiveness and has not
demonstrated an effect on reducing pain and inflam-
mation (6). Although the same amino acids are pre-
sent in both forms, the tertiary and quaternary struc-
tures in the denatured form may be completely
destroyed and the galactose moiety is degraded
(Fig. 1), not allowing epitope recognition in the
Peyer's patch (3, 10, 22). Furthermore, the hydrolyz-
ed or denatured form may be pharmacologically inef-
fective because of the loss of conformation. Interest-
ingly, the effects of oral tolerance do not appear to be
confined to RA diseases alone, but confer apprecia-
ble benefits in some cases of OA as well. A pilot

Fig. 1 Electron micrograph (magnification x 50.000) of undenatured type (i collagen vs. denatured type I collagen. Unclenatured type il cal-
iagen {on iet) shows intact tertiary and quaternary glycoprotein integrity aliowing for epilope recognition and hyporesponsive immune stimu-
lation. Denatured type Il collagen (on right) contains no tertiary and quaternary glycoprotein integrity.



Effects of undenatured type Il collagen against arthritic diseases

study provides preliminary evidence that 10 mg/day
of a commercial enzyme-linked immunosorbent
assay (ELISA) verified undenatured glycosylated type
it collagen (UC-ll interHealth Nutraceuticals In-
corporated, Benicia, CA, USA) administered orally
reduced sensory pain by 26% in four out of five
women, aged 58-78 years old, for 42 days. Two of the
women were previously diagnosed with OA and the
remaining three exhibited similar symptoms but had
no clinical diagnosis. There were no adverse effects
associated with the intake of UC-l (Table 1).

Peyer's patches are relatively large aggregates of
lymph tissue located in the GALT of the small intes-
tine (10, 22). The overlying "dome” epithelium con-
tains large numbers of intraepithelial lymphocytes.
Some of the epithelial cells have complex microfolds
in their surfaces, known as M-cells. M-cells are
important in the transfer of antigen from the gut
lumen to the Peyer's patch (10). Peyer's patches then
facilitate the generation of an immune response with-
in the mucosa. An antigen in the Peyer's patch stim-
ulates B-cell precursors and memory cells (10). Cells
pass to the mesenteric lymph nodes where the
immurie response, if needed, is amplified. Activated
lymphocytes pass into the blood stream via the tho-
racic duct. Oral tolerance occurs only after the cor-
rect three-dimensional conformation of UC-II antigen
is identified as nonpathogenic (10, 22).

Materials and methods

Chemicals. Pepsin (Catalog number .U.B. 3.4.23.1)
was purchased from Worthington Biochemical
Corporation (Freehold, NJ, USA). Unless otherwise
stated, all other chemicals were purchased from
Sigma Chemical Co. (St. Louis, MO, USA;}.

UC-1f. UC-Il was obtained from InterHealth
Nutraceuticals. The presence of glycosylated "active”
epitopes in the UC-Il callagen matrix was confirmed
by a vafidated ELISA test. Furthermore, electron
microscopic analysis of UC-l was conducted to
demonstrate the conformational integrity of the triple
helical structure.

For electron microscopic analysis, a small
amount of UC-Il powder was fixed with Karnovsky fix-
ative for 2 h, rinsed with cacodylate buffer for 20 min,
placed in 1% osmium tetroxide for 2 h, rinsed with
distilled water for 1 min and placed overnight in 0.5%
uranyl acetate. The sample was then dried using
ethanol and placed into propylene oxide for 30 min
and finally placed in 50:50 propylene oxide:SPURR
(embedding material) for 2 h and then into 100%
SPURR overnight. It was then placed intc a 70 °F
oven overnight. A section was taken using ultra
microtome, stained with uranyl acetate for 4 min,
rinsed with distilled water, stained with lead citrate for

Table | Measurement of pain fevel following a 42-day study of oral administration of undenatured type Il collagen (UC-1j

Reduction in Pain

Subject # Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 (%)
1 3 3 3 3 3 3 3 0
2 5 5 5 5 5 2 2 22
3 5 5 4 4 3 3 5 22
4 6 6 5 5 3 2 2 22
5 7 8 5 5 4 3 1 34

Administered dose: A single, daily oral dose of 10 mg glycosylated undenatured type I collagen (UC-I1}). Pain index: 10 = unbearable,

1 = tolerable.
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2 min and rinsed again with distilled water and dried.
The transmission electron microscope procedure
was conducted in an EM JEOL 100CX (Peabady, MA,
USA). An electron micrograph of undenatured type |l
collagen vs. denatured type !l collagen is shown in
Fig. 1. Undenatured type Il collagen (on left) shows
intact tertiary and quaternary glycoprotein integrity
allowing for epitope recognition and hyporesponsive
immune stimulation. Denatured type Ii coliagen (on
right) contains no tertiary or quaternary glycoprotein
integrity. Epitopes of healthy undenatured type Il col-
lagen contain the correct composition and structural
conformation of galactose-dependent glycoprotein,
as evidenced by ELISA analysis (Fig. 2).

Time-dose measurements of UC-II activity in sim-
ulated human gastric fluid. Five samples of UC-I|
were analyzed for collagen activity via ELISA analysis.
Samples were digested in pepsin, simulating an arti-
ficial stomach. The pepsin solution was made using
985 mi distilled water, 3.73 g KCI, 4 g HCI and 30 mg
pepsin. Five collagen samples of 14.7 g each were
incubated individually for 0, 15, 30, 60 and 90 min in
100 mi pepsin solution at 32 °C and pH 2.0. The
digestion process was stopped by increasing the pH
to 6.0 using 0.5 M NaOH solution. Both the solid

Fig. 2 Undenatured type !l collagen triple helix moiecule exhibiting
epitope positions.

material (insoluble collagen) and the supernatant
(soluble collagen) were coliected and analyzed for
native type Il collagen using a commercially available
Capture ELISA kit supplied by Chondrex LLC (Red-
mond, WA, USA). The gquantity of UC-1l (mg%) was
determined in both supematant solubie type il colla-
gen and insoluble type Il collagen following incuba-
tion for 0, 15, 30, 80 and 90 min at 32 °C and pH 2.0.

Pifot study to evaluate the efficacy of UC-Il in
human subjects. An open label pilot study was per-
formed in five human subjects (women aged 58-78
years) suffering from significant joint pain, using a
commercial ELISA-verified undenatured type It colla-
gen (UC-Il, InterHealth Nutraceuticals). To be eligible,
patients had to meet the American College of
Rheumatology criteria, Patients were excluded from
the study if they had myocardial insufficiency, renal
insufficiency (serum creatine > 2.0 mg/dl), distur-
bance of liver function, alkaline phosphatase > 300
units/liter, serum glutamic oxaloacetic transaminase
> 50 units/liter, or bilirubin > 1.5 mg/dl), malignancy
or a considerably reduced general state of health as
determined Dy the physician. The five subjects
enrolled in this study presented a history of
osteoarthritis more than rheumatoid symptomology.
These subjects reported early morning stiffness, stiff-
ness following periods of rest, pain that worsened
with use of the affected joint and ioss of joint range of
motion and function. Weather changes from warm to
cold or dry 1o moist were also reported as pain-
enhancing factors. All patients were required to sign
an informed patient consent form prior to participa-
tion. The subjects were also given a questionnaire
with detail protocol procedures, possible risks and
benetits, efc. Two of the five subjects who suffered
from osteoarthritis symptoms were clinically diag-
nosed 3 years prior o participation in this study. The
remaining three subjects reported similar sympto-
mology. Measursments included weekly diary-format
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observations and qualitative feedback. Each subject
received a single oral daily dose of 10 mg UC-{l on an
empty stomach prior to bedtime for 42 consecutive
days. Each subject was asked to rate their respective
pain level on a scale of 1-10, with a score of 10 rep-
resenting "unbearable” and a score of 1 denoting
“talerable,” prior to participation and immediately fol-
lowing completion of 7 days of treatment.

Results

Time-dose measurements of UC-Il activity in gas-
tric fluid. Foliowing ingestion, the UC-II glycoprotein
encounters hydrochloric acid and pepsin. Dose- and
time-dependent studies were conducted to deter-
mine whether these monomers were still in the triple
helical form, which we confirmed by ELISA assay.
Figure 3 demonstrates the time-dose measurements
of UC-II activity in simulated hurman gastric fluid at 32
°C and pH 2.0. Figure 3 clearly exhibits the UC-II
activity in supernatant soluble type Il collagen and
insoluble type !l collagen over a period of time (0-90
min). Thus, these resulls demonstrate that following
incubation of UC-l for 90 min, approximately 50% of
soluble UC-Il is available to the epitopes.

Pilot study to evaluate the efficacy of UC-Il in
human subjects. An open label pilot study was con-
ducted in five female subjects (aged 58-78 years)
demonstrating the symptoms of significant joint pain.
These subjects received a single oral daily dose of 10
mg UC-Il on an empty stomach prior to bedtime for
42 consecutive days. All subjects rated their respec-
tive pain level on a scale of 1-10 (a score of 10 rep-
resenting “unbearable” descending to a score of 1
denoting "tolerable”). The subjects rated their pain
level before trial dose application and during treat-
ment once every 7 days. Measurement of pain level
in these human subjects following 42-day supple-

mentation of UC-II is shown in Table I. Subject 1 per-
ceived no reduction in her pain status throughout the
open label trial. Subject 2 perceived a reduction in
pain during the sixth week of the study, while under
these same conditions Subjects 3, 4 and 5 reported
a reduction in their pain level during the third week of
treatment. Thus, a trial dose of 10 mg UC-Il was
associated with a -26% reduction in perceived pain
as indicated by four of the five subjects (22%, 22%,
22%, 34%; Table l). Furthermore, no side effects were
associated with UC-Il treatment. In essence, treat-
ment with a daily oral dose of 10 mg UC-il was well
tolerated and produced a significant reduction in joint
pain symptoms.

Discussion

Epitope recognition. Epitopes (antigenic determi-
nants) are structural compenents of an antigen mol-
ecule responsible for its specific interaction with T-cell
antibody molecules elicited by the same or related
antigen (23). Epitopes of healthy undenatured type |
collagen contain the correct composition and struc-
tural conformation of galactose-dependent glycopro-
tein, as evidenced by ELISA analysis (24) (Fig. 2). A
novel glycosylated undenatured type Il collagen
material (UC-1l) was developed to preserve biological
activity. The presence of glycosylated “active” epi-
topes in the UC-Il collagen matrix is confirmed by a
validated ELISA test and distinguishes this form from
hydrolyzed, denatured agalactosylated collagen
(25). Oral intake of 10 mg of this form of UC-II pre-
sents active epitopes, consisting of conformationaily
correct three-dimensional glycosylated structures, to
Peyer's patches in the GALT (22, 26). Following in-
gestion, UC-ll collagen glycoprotein encounters
hydrochioric acid and pepsin. Dose- and time-
dependent studies show these monomers are still in
their triple helical form (Fig. 3) and travel down fo the

107



108

Bagchi D. et af.

3 Solubie type It collagen
—e— [nsoluble type Il collagen
= 0%
o~ 100 w
%% 80 73% -
TE o \‘\53/\ 47%
25 40 : I
g E) 20 1 41% 53% —
83 0%  [Te% L2775 ,
2 0 15 30 60 90
Time (min)

Fig. 3 Time-dose measurements of undenatured type I collagen activity in gastric Huid. Enzyme-linked immunosorbent measurements of

undenatured type Il collagen epitopes.

Peyer's patches, to which they bind. Pepsin does not
break down the triple helical configuration of these
monomers due to biochemical limitations, so the
active sites always remain intact, which is confirmed
by ELISA analysis. Pepsin will not cleave bonds con-
taining the amino acids valine, alanine or glycine
(27). The amino acid composition of native type |l
coltagen is heavily distributed with glycine (28, 29).
This glycine-rich sequence ensures that pepsin will
not cleave the native collagen configuration (27).
During digestion, the intact collagen fibril (@ combi-
nation of collagen monomers, sugars and telopep-
tides) breaks down into monomeric collagen pep-
tides (smaller glucopeptide units), exposing addition-
al epitopes (30). On the other hand, the telopeptides
bound to collagen molecules are susceptible to
pepsin and get cleaved in the gut during digestion
{31). This allows the collagen triple helix formation to
loosen slightly, exposing additional active epitopes of
the collagen glycoprotein, resulting in greater binding
with and recognition by the Peyer's patches (32).
These epitopes positively influence the immunoregu-
latory response signaling required for the develop-
ment of tolerance (10, 32).

Properly glycosylated erpitopes did not trigger
T-cell proliferation, as did modified hybrid epitopes

(21). Furthermore, Kim ef al. (33) demonstrated that
a single aral administration of poly{lactic-co-glycolic
acid) (PLGA} nanoparticles induced tolerance
against collagen ll-induced arthritis in mice. Particles
of PLGA were evident in the Peyer's patches of ani-
mals for 14 days from original feeding (33). Hypo-
responsiveness results when epitopes of ingested
UC-Il collagen interact with the Peyer's patches in the
lymphoid tissues aof the duodenum, triggering the
complex series of immunologic events that, in the
case of RA, down-regulate the body's attack on its
own type Il joint collagen. This research demonstrat-
ed that PLGA was well tolerated against collagen 1l-
induced arthritis. These active epitopes meet confor-
mational specifications of the three-dimensional gly-
coprotein structures required by immune surveillance
to signal approval and tolerance. Antigen epitope
glycosylation has been shown to play an important
role in T-cell recognition and B-cell responsiveness
(21, 34, 35). This recognition and approvatl effective-
ly turns off the up-regulated immune attack by reduc-
ing T-cell mediated inflammation, pain and sweliing.
UC-Il has demonstrated its ability to induce toler-
ance, effectively reducing joint pain and swelling in
RA subjects (3-6).
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The science of glycobiology is rapidly expanding,
uncapping enormous research opportunities and
promising therapeutic tools (11). it provides new
insights into disease initiation, promotion and pro-
gression, especially regarding autoimmune dis-
eases, such as RA (12). A preponderance of the evi-
dence suggests that all autoimmune diseases can
be traced back to errors at some juncture of bioiden-
tification, recognition and response signaling. Proper
glycosylation is required for glycoconjugation, glyco-
molecular interconversions, biotransformations, and
glycoprotein and glycolipid synthesis (11, 12).

in RA, impaired galactosylation alters the requi-
site three-dimensional conformations of glycopro-
teins, including certain immune factors, such as IgG
and possibly even type Il collagen, producing the
loss of self-identity (12). Alterations in glycosylation
and of galactosy! structures are hallmark characteris-
tics of RA. This loss of self-identification alters recog-
nition and response signaling during immune surveil-
lance, inciting attack on the body's own joint collagen
(13, 18).

Other autoimmune disorders have also been
associated with faulty glycosylation (12, 17). This
implies that certain autoimmune diseases may result
when naturally occurring biomolecules are identified
as foreign pathogenic antigens, due to their altered
composition and structural conformation. As a result,
appropriate immunological alarms are generated
and aggressive defense tactics are employed
against the host's own tissues (15).

Hecently, safe and effective alternatives to tradi-
tional models of disease management have been
used in RA (36). Oral administration of autoantigens
has been shown to suppress a variety of experimen-
tally induced autoimmune diseases, including anti-
gen-induced RA (3-6, 33). As our understanding of
glycobiochemistry increases, explanations regarding
the reasons for these benefits emerge. Previous
studies have shown that small doses of orally admin-

istered undenaturad type | collagen effectively deac-
tivate killer T-cell attack on type Il joint collagen in
humans (3, 22). Our pilot study exhibited the efficacy
of UC-Il (10 mg/day) in effectively reducing joint pain
and swelling in human subjects without any adverse
effects. UC-Il contains conformationally correct
"active” epitopes required to interact with Peyer’s
patches in the GALT and terminate antigenic signal-
ing of a pathogenic nature, characteristic of RA (10).
This approach provides new insights into the etiology
of autoimmune inflammatory diseases and their
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

Obyjective. To evaluate the efficacy of oral chicken
type II collagen (CCII) in the treatment of Jjuvenile
rheumatoid arthritis (JRA).

Methods. Ten patients with active JRA were
treated with CCII for 12 weeks. Efficacy parameters,
which included swollen and tender joint count and
score, grip strength, 56-foot walking time, duration of
morning stiffness, and patient and physician global
scores of disease severity, were assessed monthly.

Results. All patients completed the full course of
therapy. Eight patients had reductions in both swollen
and tender joint counts after 3 months of CCIL. The
mean changes from baseline in swollen and tender Jjoint
counts for the 8 responders at the end of the study were
—~61% and —54%, respectively. Mean values 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 investigation.

/

Juvenile rheumatoid arthritis (JRA) affects an
estimated 65,000~70,000 children in the US (1). While
it has been suggested that JRA has a better prognosis
than adult rheumatoid arthritis (RA) (2), more recent
data show that ~45% of children with JRA have active
disease at 10-year followup (3).

Current treatment options for JRA are often

unsatisfactory, because of both limited efficacy and:
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concern about toxicity. These include antiinflamma-
tory agents such as aspirin, naproxen, tolmetin, or
ibuprofen, antimalarial-agents, gold, 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. Systemic cortico-
steroids are relatively contraindicated in the treatment
of JRA, except in patients with severe polyarthritis or
severe systemic disease that has failed to respond to
more conservative treatment. In addition to multiple
other toxicities, growth suppression is a major deter-
rent to the use of steroids in the treatment of JRA. A
multicenter study of D-penicillamine 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 alike 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 with immu-
nosuppressive drugs have precluded their use in all but
the most severely ill patients.

The evidence that sensitized T cells 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 highly effective and mini-
mally toxic. The ability to induce antigen-specific
peripheral immune tolerance by oral administration of
antigens has been recognized for some time (7). It is
presumed that the physiologic interaction of proteins
with the gut immune system has evolved to prevent
systemic immune responses to ingested proteins.
Hypersensitivity reactions to food proteins are rare,
and the mechanism of oral tolerance is based on this
unique immunologic system. Given in low doses,
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orally administered antigens induce active immunosup-
pression, whereas high antigen doses lead to clonal
anergy (8).

Oral administration of type II collagen has been
shown to ameliorate arthritis in two animal models of
RA, one induced by immunization with type II colla-
gen (9,10) and the other induced by Freund’s complete
adjuvant (11). In addition, a placebo-controlled, phase
I study in 60 adults with severe, active RA demon-
strated significant (P < 0.03) improvement in tender
and swollen joint counts after 3 months of treatment
(12). A multicenter, double-biind, dose-ranging study
of oral chicken type II collagen (CCII) in adult RA has
recently been completed (Barnett ML et al: manu-
script in preparation). The present open study of oral
CCIl in the treatment of JRA was undertaken based on
these earlier results.

PATIENTS AND METHODS

A total of 10 patients with JRA were enrolled in the
study. To be eligible, patients had to meet the American
Cotllege of Rheumatology criteria for JRA (13). In addition,
patients had to be between the ages of 8 and 14 years and had
to have active arthritis, as defined by the presence of =3
swollen joints and =6 tender joints. Patients with 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 would therefore be classified as
having pauciarticular onset) would nonetheless be eligible
for enrollment in this study provided there were =3 swollen
and =6 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 structural damage to the joints that was not considered
to be amenable to physical rehabilitation if inflammation
were to subside, or if they had serious concurrent medical
problems.

During the course of the trial, patients were permit-
ted to continue treatment with NSAIDs or low-dose corti-
costeroids (no more than the equivalent of 10 mg prednisone/
day), provided that the doses remained stable during the
treatment period. Increases in NSAID or prednisone dosage
or initiation of any other antirheumatic therapy represented
protocol violations. Patients were required to discontinue
DMARD:s at the start of the trial, with no mandated washout
period.

Patients who met all entry criteria were enrolled and
began treatment with CCII for a 3-month period. All patients
and their parents were required to sign an informed consent
form detailing protocol procedures, possible risks and ben-
efits, etc. Treatment consisted of 100 ug/day of CCII for the
first month and 500 ug/day thereafter, CCII was provided as
a liquid suspension in 0.1M acetic acid at 4°C and added to
cold orange juice immediately prior to ingestion. Doses and
technique were the same as those used in the previous trial
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in adults (12). Patients were required to return for monthl
visits, at which time safety and efficacy measurements wer
obtained. Patients who exhibited an initial positive respons
but subsequent worsening after the initial 3-month treatmer
period were considered for further treatment with the stud
medication, on a case-by-case basis.

Clinical efficacy was assessed by ascertaining painft
and swollen joint counts and joint scores according to th
method of Weinblatt et al (14), evaluating a total of 5
diarthrodial joints for pain/tenderness and 52 joints fc
swelling;duration of morning stiffness, grip strength, 50-foc
walking time, and patient/parent and physician global score
of disease activity at each visit. Laboratory data, includin
complete blood cell count (CBC), erythrocyte sedimentatio
rate (ESR), rheumatoid factor (RF) level, and serum Ig¢
antibodies to type II collagen (12), were recorded at baselin
and after 3 months of therapy.

RESULTS

All 10 patients who enrolled and began stud
medication completed the full 3 months of treatment
There were 5 girls and 5 boys, with a mean age of 10.
years and a mean disease duration of 4.3 years. Th
disease onset type was polyarticular in 3 patients
pauciarticular in 3 patients, and systemic in 4 patients
Four patients had previously been treated wit
DMARDs, and 1 had been treated by his parents wit
a variety of herbal medications. Patient 6 discontinue
azathioprine 1 day prior to beginning therapy wit
CCII, but no other patients were taking DMARDs ¢
the time of enrollment. Six of the 10 patients receive
concomitant stable doses of NSAIDs and/or low-dos
prednisone during the study period (along with acet
aminophen in 1); | patient continued to take acetamir
ophen, and 3 patients took no concomitant medica
tions for their arthritis. Eight of the 10 patients were 1
Steinbrocker functional class II (15) at study entry
and the remaining 2 patients (patients 2 and 9) were 1
class III. 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 for
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%, respectively. Si.
patients had >33% reduction in both swollen an
tender joint counts. Individual patient values for swol
len and tender joint counts at baseline and after
months of therapy are shown in Figure 1. The time t:
onset of response for the 10 patients was variable. L.
patient {, almost all of the improvement was achieve:
within | month of the initiation of treatment, but th
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Demographic and clinical features of the patients with juvenile rheumatoid arthritis (JRA)*

Table 1.
Years of Onset Prior Concomitant
Patient Age/sex JRA subtype DMARDs medication
! 12/F 1 Poly - Napr. 250 mg twice a day
2 12/F 10 Systemic MTX, HCQ -
3 14/M 1.5 Pauci t -
4 9/F 0.5 Systemic - Napr. 250 mg twice a day,
Pred. 2.5 mg/day
5 H/M 3 Pauci SSz Ibu. 1,800 mg/day
6 /M 7 Systemic MTX, AZA, AUR Pred. 2 mg/day
7 13/M 4 Pauci MTX Ibu. 800 mg/day
8 8/F 2 Poly - -
9 9/F 5.5 Systemic - Pred. 5 mg twice a day,
acetaminophen
10 10/M 9 Poly - Acetaminophen

* Poly = polyarticular; Napr. = naproxen; MTX = methotrexate; HCQ = hydroxychloroquine; Pauci

= pauciarticular; Pred. = prednisone; SSZ = sulfasalazine; Ibu, =

AUR = auranofin,

ibuprofen; AZA = azathioprine;

1 Patient had been treated with herbal remedies prior to the initiation of chicken type II collagen

treatment.

response occurred more slowly in other patients, On
average for all 10 patients, the percentage of total
improvement in swollen and tender joint counts
achieved after only 1 month of treatment was 35% and
49%, respectively,

Swollen and tender joint scores decreased from
baseline in 9 of the 10 patients. The mean reductions
for all 10 subjects in swollen and tender joint scores
after 3 months of therapy were 43% and 51%, respec-
tively. These results are shown in Figure 2.

.Mean values for morning stiffness and 50-foot
walking time showed improvement from baseline.
Clinical efficacy results for these parameters are pre-
sented in Figure 3. Although grip strength is not
considered to be a reliable measure in children, mean
values in right and left grip strength for the 10 patients
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did show a slight improvement from baseline to 3
months (data not shown). In addition, mean patient
and physician global assessment scores also improved
compared with baseline. One patient (patient 4) had
total resolution of arthritis by the end of treatment and
has subsequently been able to discontinue all medica-
tions with no return of symptoms during a 14-month
followup period. No significant trends in any hemato-
logic parameters, including CBC and ESR, were noted
during the study. None of the patients tested positive
for RF or collagen antibodies prior to or on completion
of treatment.

CCII was well tolerated. Mild, transient skin
rashes were noted in 4 patients during the study; in 3,
the rash did not seem to be related to the study
medication, and in no instance did the rash prompt
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Figure 1. Swollen and tender joint counts for individual patients. The number of swollen (A) and tender (B) joints for each individual patient
at baseline and after 3 months of treatment with chicken type II collagen is shown.
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Figure 2. Swollen and tender joint scores for individual patients. Swollen
and after 3 months of treatment with chicken type If collagen are shown.

interruption 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
CCIIL Two other patients reported transient erythem-
atous rashes (not observed by the investigator) which
were believed to be related to new soap or new
laundry detergent. Facial flushing, which occurred 20
minutes after ingestion of CCII and lasted 1-2 hours,
was noted by 1 patient during the initial 2 weeks of
treatment, but subsequently resolved spontaneously.
Patient 6 had a history of 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 personal physician were notable for
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elevated transaminase levels. His only symptom a
that time was an increase in fatigue. One week later
when his transaminase levels were found to have riser
further, he underwent a liver biopsy. This reveale.
mild chronic active hepatitis similar to that exhibitec
on a previous biopsy performed in 1991, and it was
decided that his dosage of oral corticosteroids shoulc
be increased. Repeat liver function tests (LFTs) per.
formed the day prior to the initiation of high-dosc
prednisone treatment demonstrated spontaneous im-
provement in his transaminase values to <50%% of thel
peak levels, but this test result became available only
after the patient had taken one 20-mg dose of pred:
nisone. The patient discontinued high-dose prednisonc
after this single dose, and his LFT findings returned tc
normal within | week and subsequently remainec
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Figure 3. Secondary efficacy parameters (A, morning stiffness; B, 50-foot walking time) at baseline and after 3 months of treatment with
chicken type Il collagen. Individual patient numbers are shown on the graphs next to their respective plot markers.
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normat 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
similar 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
medications, had no tender or swollen joints, and had
normal laboratory values.

DISCUSSION

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

Based on results of animal studies, the mecha-
nism responsible for oral tolerance varies depending
on the dose of fed antigen, with low doses inducing
active suppression and high doses resulting in clonal
anergy (8). The regulatory cells that orchestrate active
suppression act via the secretion of suppressive cyto-
kines, such as transforming growth factor 8 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, it is presumed that active ‘suppression
of inflammation by these regulatory lymphocytes re-
quires further migration of these cells 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
in experimental autoimmune encephalomyelitis
(EAE), a cell-mediated autoimmune disease that
serves as an animal model for multiple sclerosis. EAE
can be induced by immunization with myelin basic
protein (MBP) or proteolipid protein (PLP). Oral ad-
ministration of MBP has been shown to suppress both
MBP- and PLP-induced EAE (22). 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),
CCIH (9,10), or methylated 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 cells to secrete suppressive cytokines.
These findings have important implications 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 multiple autoantigens in the target tissue.

Alternatively, a dominant pathway for oral tol-
erance may involve T cell anergization (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 latter 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 form of treatment for JRA.
The most remarkable improvements in clinical param-
eters of arthritis were noted in patients I and 4, both of
whom were girls with relativelv recent onset of dis-
ease. Patient 1 had polyarticular onset, whereas pa-
tient 4 had systemic features of fever and rash in
addition to polyarticular joint involvement at onset. Of
note, of the 3 boys with pauciarticular onset of dis-
ease, 2 experienced minimal, if any, benefit from
collagen (patients 5 and 7). As mentioned above, HLA
typing was not performed, but it would be of interest

&
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to know whether these patients were HLA-B27 posi-
tive. If this were the case, it might suggest that type II
collagen is ineffective in the treatment of juvenile
spondylarthropathies.

In an open-label study, one must always be
concerned about the contribution of the placebo effect,
and this may be even more true in a pediatric popula-
tion. Therefore, conclusions regarding efficacy based
on this pilot trial 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 arthritis is especially 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 extremely well tolerated in this
pediatric patient population. The only adverse event
noted during the study that was believed to be related
to the study medication was transient facial flushing,
which occurred in 1 patient for ~2 weeks after colla-
gen treatment was begun. The elevated transaminase
levels 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 results in this
pilot trial strongly indicate that there should be further
studies of this novel therapeutic agent in the treatment
of JRA.
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Objective. Oral administration of cartilage-
derived type I collagen (CII) has been shown to ame-
liorate arthritis in animal models of joint inflammation,
and preliminary studies have suggested that this novel
therapy is clinically beneficial and safe in patients with
rhenmatoid arthritis (RA). The present study was un-
dertaken to test the safety and efficacy of 4 different
dosages of orally administered CII in patients with RA.

Methods. Two hundred seventy-four patients with
active RA were enrolled at 6 different sites and random-
ized to receive placebo or 1 of 4 dosages (20, 100, 500, or
2,500 pg/day) of oral CII for 24 weeks. Efficacy para-
meters were assessed monthly. Cumulative response
rates (percentage of patients meeting the criteria for
response at any time during the study) were analyzed
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utilizing 3 sets of composite criteria: the Paulus criteria,
the American College of Rheumatology criteria for
improvement in RA, and a requirement for =30%
reduction in both swollen and tender joint counts.

Results. Eighty-three percent of patients com-
pleted 24 weeks of treatment. Numeric trends in favor of
the 20 ug/day treatment group were seen with all 3
cumulative composite measures. However, a statistically
significant increase (P = 0.035) in response rate for the
20 pg/day group versus placebo was detected using only
the Paulus criteria. The presence of serum antibodies to
CII at baseline was significantly associated with an
increased likelihood of responding to treatment. No
treatment-related adverse events were detected. The
efficacy seen with the lowest dosage is consistent with
the findings of animal studies and with known mecha-
nisms of oral tolerance in which lower doses of orally
administered autoantigens preferentially induce disease-
suppressing regulatory cells.

Conclusion. Positive effects were observed with
CII at the lowest dosage tested, and the presence of
serum antibodies to CII at baseline may predict re-
sponse to therapy. No side effects were associated with
this novel therapeutic agent. Further controlled studies
are required to assess the efficacy of this treatment
approach.

Rheumatoid arthritis (RA) is a chronic inflam-
matory disease that is characterized by pain, swelling,
and stiffness of muitiple joints. Chronic joint inflamma-
tion commonly results in progressive joint destruction,
deformity, and loss of function. Current therapies for
RA are often unsatisfactory, both because of inadequate
efficacy and because of unacceptable toxic effects.

Evidence that autoreactive, sensitized T cells



TREATMENT OF RA WITH COLLAGEN

participate in sustaining the inflammation of RA (1)
provides direction to the search for therapeutic strate-
gies based on specific immunosuppressive actions that
would be both highly effective and minimally toxic. The
ability to induce antigen-specific peripheral immune
tolerance by oral administration of antigens has been
recognized for some time (2), and it is presumed that the
physiologic interaction of proteins with the gut immune
system has evelved to prevent systemic immune re-
sponses to ingested proteins. The possibility that auto-
immune disease may be amelicrated by the induction of
oral tolerance to disease-relevant autoantigens is cur-
rently under active investigation. It has been shown that
oral administration of autoantigens suppresses a variety
of experimental autoimmune diseases, including exper-
imental allergic encephalomyelitis (EAE) (3,4), as well
as collagen- (5,6), adjuvant- (7), and antigen- (8) in-
duced arthritis, Preliminary results in humans have been
encouraging, primarily in patients with multiple sclerosis
using peroral administration of myelin (9) and in pa-
tients with RA using peroral adminisiration of type II
collagen (CII) (10,11).

Although the precise mechanisms of oral toler-
ance are not fully known, studies of EAE have shown, by
immunohistologic analysis of brain tissue, that oral
antigen delivery preferentially increases expression of
the inhibitory cytokines transforming growth factor S
(TGFB) and interleukin-4 (IL-4), and decreases expres-
sion of the proinflammatory cytokines IL-1, IL-2, IL-6,
IL-8, tumor necrosis factor @ (TNFa), and interferon-y
(12). The net outcome is a lessening of brain inflamma-
tion. Given in low doses, orally administered antigens
induce active immune suppression, whereas high antigen
doses lead to clonal anergy (13) or deletion (14).

In addition to its positive effect in animal models
of arthritis, oral administration of CII may benefit
humans with RA. A placebo-controlled, phase II study
involving 60 adults with severe, active RA demonstrated
significant (P < 0.03) decreases in tender and swollen
joint counts after 3 months of oral CII treatment (10). A
3-month open-label trial of CII in juvenile rheumatoid
arthritis also was associated with clinical improvement in
disease measures without significant toxicity (15). The
present multicenter, double-blind, dose-ranging study of
oral CII in adult RA was undertaken as a phase II trial
to extend these earlier results and to investigate the
relationship between dosage and clinical response.

PATIENTS AND METHODS

Patients, To be eligible for this trial, patients had to
meet Lhe 1987 American College of Rheumatology (ACR;
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formerly, the American Rheumatism Association) classifica-
tion criteria for RA (16) and be between the ages of 18 and 80
years, with onset of RA after age 16. Patients were required to
have at least 6 swollen and 9 tender joints, and duration of
disease had to have been at least 6 months. Women of
childbearing potential were required to have a negative preg-
nancy test result at baseline and to be using an effective
contraceptive measure. Patients were required to discontinue
treatment with disease-modifying antirheumatic drugs
(DMARDs) before entering the study, with a variable washout
period depending on the specific medication (at least 8 weeks
for methotrexate, azathioprine, minocycline, cyclosporine,
and cyclophosphamide, and at feast 12 weeks for hydroxy-
chloroquine, sulfasalazine, oral or intramuscular gold, and
penicillamine).

Patients were excluded from the trial if they had
previously been treated with oral CII or anti-TNF antibodies.
Patients taking therapeutic doses of fish oil or plant oil (=2
gm/day), or shark cartilage or cartilage from another species
were also excluded. Patients were not eligible if they had
documented human immunodeficiency virus infection, a his-
tory of substance abuse within 1 year prior to study entry, a
history of gastrointestinal disease which might affect collagen
absorption and processing, serious intercurrent/underlying dis-
ease which would limit successful participation in the trial, or
were classified in Steinbrocker functional class IV (17). .

Study design. The study was a 6-center, double-blind,
randomized, placebo-controlled trial comparing different dos-
ages of CII and placebo in the treatment of RA. Upon meeting
all entry criteria, patients were enrolled and were subsequently
stratified by rheumatoid factor status. This was done to ensure
that the treatment groups would be balanced with regard to
theumatoid factor positivity. At each of the 6 investigative
sites, randomization of patients to the 3 treatment groups was
accomplished in biocks of 5 within each stratum (positive
versus negative for rheumatoid factor). Patients and investiga-
tors were blinded to the treatment regimens throughout the
study.

Patients were allowed to remain on their nonsteroidal
antiinflammatory drug (NSAID) and/or oral corticosteroid
regimens provided that the steroid dosage was =10 mg of
prednisone equivalent, and that neither the NSAID nor steroid
dosage was changed during the study. Patients who reguested
analgesics for pain management were supplied these medica-
tions as needed during the period of study. Analgesic ingestion
was recorded at each visit. :

Patients were provided with a 1-month supply of
masked study medication at the baseline visit and every 4
weeks thereafter. Liquid study medication was supplied in the
form of patient kits containing each daily dose in individual
polystyrene tubes. The study medication required refrigera-
tion. Therefore, patients were given coolers to transport the
medication home and were told o keep the kits in the
refrigerator. Patients were instructed to empty the contents of
one tube into a 4-f-ounce glass of cold orange juice 20 minutes
prior to eating breakfast, and were required to consume the
entire amoun{ every morning,

Study medication. Native CII was prepared from the
sternal cartilage of chickens by the method of Trentham et al
(18). The CII was diluted in 0.1M scetic acid, and supplied as
a single daily dose of 20 pg. 100 pg, 500 wp, or 2,500 pg, The
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placebo was an equivalent volume of dilute acetic acid that was
visually indistinguishable from the uctive drug.

Outcome measures. Clinical assessments of efficacy
were made at baseline and repeated 2, 4, 8, 12. 16, 20, and 24
weeks later (except the Health Assessment Questionnaire
[HAQ] [19], which was completed only at baseline and weeks
12 and 24). Fifty-four diarthrodial joints were examined for the
presence or absence of tenderness. and 32 were examined for
swelling (hips excluded’. Joint counts for tenderness and
swelling were the sum cf the number of affected joints (20).
These joints were alsc evaluated for the severity of both
tenderness and swelling using a 4-point seale. in which 0 =
none, | = mild, 2 = moderate, and 3 = severe. The sum of
these determinations for all joints constituted a collective score
for either tendemess or swelling (20). During the trial, a strong
emphasis was placed on having all joint assessments for each
patient done by the same evaluator.

Grip strengths were measured bilaterally using
mercury-strain sphysmomanometers which were fitted with
custom-made covers to assure a uniform circumference of the
cuff. Fifty-foot walking times were measured in seconds.
Physician and patient global assessments of disease activity
were performed using a scale of 1-3, in which 1 = absent, 2 =
mild. 3 = moderate, 4 = severe, and 5 = very severe. In
addition, both the physicians and the patients rated progress
from the previous visit, according to the categories much
worse, worse, same, better, or much better (2{). Patients were
questioned about the duration of morning stiffness experi-
enced on the day before each study visit, Functional class was
assessed according to the Steinbrocker classification (17) at the
screening visit and again at 24 weeks. Functional status was
assessed at baseline and at weeks 12 and 24 using the HAQ.

Adverse events were monitored at every visit. More-
over, at baseline and at weeks 2, 4, 12, and 24, laberatory
parameters were measured to assess safety. The erythrocyte
sedimentation rate (ESR) was obtained by the Westergren
method at baseline and at every visit thereafter, and rheuma-
toid factor positivity was determined at the screening visit and
at week 24. Extra serum samples obtained at baseline, week 12,
and week 24 were frozen and stored until the end of the study,
for measurement of C-reactive protein (CRP) and IgA and
[gG antibody titers to native chicken CIT by enzyme-linked
immunosorbent assay (ELISA). The ELISA was performed
utilizing wells coated with purified CII, patients’ serum, and

horseradish peroxidase-linked goat anti-human [gA and IgG -

antibodies.

Patients who dropped out before completing 24 weeks
of treatment were evaluated immediately prior to exiting the
study. During this early-termination visit, safety and efficacy
meuasurements were obtuained.,

Statistical analysis. Safety assessments were per-
formed on all patients who consumed any masked study
medication. Efficacy analyses were performed on the intent-
to-treat population (all patients for whom we had at least |
pust-haseline measurement) as well as on the population of
patients who completed the 2d4-week study. Balance within
euch treatment group with respect to patient characteristics at
baseline was assessed, using Fisher’s exact test for categorical
variubles and analysis of variunce for continuous variables.
Differences were considered statistically significant if the
2-sided P value was =0.05,
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The primary efficacy end point was cumulative re-
sponse, paralleling other recent studies of potential therapies
for RA (21,22). Patients were said to be “responders” if they
met the response criteria ut any time during the study and were
said to be “nonresponders” if they never showed a response to
treatment during the study. This approach allowed each pa-
tient to be assessed just once, thus avoiding the criticisms of
repeated significance testing and dropout effects, and was
thought to be appropriate for a phase II trial which was
primarily exploratory in nature. Response was analyzed with
respect to 3 composite response-criteria sets. These were the
Paulus criteria {23), the ACR criteria for improvement in RA
(24), and the requirement for an improvement of =30% in
both the tender and the swollen joint counts. The a priori
contrasts planned for this study were to compare each active
treatment group with the control group, The study had 80%
power to detect a 25% difference in response rates between
best dose and placebo (which was expected to have a response
rate of 20%) for a 2-sided hypothesis test with 5% type I error.
A logistic regression model enabled us to simultaneously
compare response rates between each active treatment and
placebo group while controlling for patient characteristics,
without making multiple comparisons. The patient character-
istics included in the model were age, sex, baseline tender and
swollen joint counts, baseline rheumatoid factor status and
ESR, Steinbrocker functional class at baseline, DMARD wash-
out interval prior to baseline, baseline NSAID use, baseline
corticosteroid use, duration of RA, the extent of analgesic use
during the study, and study site. Interactions between each
treatment level and each of the covariates were assessed.

Individual disease parameters that were analyzed as
primary efficacy end points included tender and swollen joint
counts, and physician and patient global assessments of disease
severity. Safety was assessed by comparing the type and
incidence of treatment-emergent events and labaratory abnor-
malities reported. Adverse events were classified using
COSTART.

RESULTS

A total of 297 patients with active RA were
screened for study eligibility, of whom 274 met the
entrance criteria and were randomized to receive | of 4
doses of CII or matching placebo for a 24-week period.
The characteristics of the enrolled patients are summa-
rized in Table 1. There were no statistically significant
differences between the treatment groups in demo-
graphic or disease characteristics. One patient in the 500
pg/day CII group dropped out prior to receiving any
post-baseline efficacy assessments and was therefore not
included in the intent-to-treat analysis.

A total of 228 patients (83%) completed the full
6-month treatment period. The frequency of dropouts
was similar across all treatment groups. Of the 46
dropouts, 42 were due to inadequate therapeutic effect
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Table 1. Paticnt characteristics at bascline, by treatment group®

Oral type II collagen

Placebo 20 pg/day 100 pg/day 500 pg/day 2,500 pg/day
Variabie {n=157) (n = 54) {n = 55) (n = 53) (n = 54)
Age, years 53.6% 12.1 535113 50.3*10.9 494 = 13.0 513 = 14.1
Sex, % female 89 89 81 83
Disease duration, years 131 =96 128 = 8.1 11.7 + 84 98 =83 11.8 = 10.9
RF positive, % 72 76 75 74
Steinbrocker functional class, %
Class [ ] 2 4 2
Class I 81 78 B85 80
Class LII 19 20 11 18
Westergren ESR, mm/hour 3622 41 =32 36 =27 3523 38=26
NSAID use at entry, % 81 87 79 78
Oral corticosteroid use at entry, % 53 47 55 37
Previous DMARD use, % 89 a1 e a6 81
No. of dropouts during study 12 5 ’ 7 10

* Except where otherwise indicated, values are the mean = SD. There were no statistically significant differences in any feature between the
treatment groups. RF = rheumatoid factor; ESR = erythrocyte sedimentation rate; NSAID = nonsteroidal antiinflammatory drug; DMARD =

disease-modifying antirheumatic drug.

and 4 were due to adverse events (1 from the placebo
group and 3 from the CII group). Although some of the
patients took additional antiinflammatory medications
during the trial, none were dropped from the analysis
because of these protocol violations. Rules were devel-
oped before the analysis to address the use of protocol-
excluded medical therapy. If a patient received an
intraarticular corticosteroid injection, that joint was au-
tomatically assigned a grade of 3 (severe) for both
tenderness and swelling at the next visit. This convention
affected efficacy data for a single joint at 1 visit in 7
patients. Because of concern about -possible systemic
effects from an intraarticular steroid injection, a review
of clinical efficacy data was undertaken to determine
whether any of these 7 patients met the criteria for
response only at the visit immediately following a joint
injection. This was determined not to be the case for any
of these 7 patients. If a patient took any antiinflamma-
tory drug prohibited by the protocol for 2 of the 3 days
prior to a visit, efficacy data from that visit were
excluded from all analyses. The application of this rule
did not result in the exciusion of any efficacy data.
Clinical response was assessed in the intent-to-
treat population with respect to 3 composite response
indices: the Panlus criteria, the ACR criteria for im-
provement in RA, and a reduction of =30% in both
tender and swollen joint counts. In the 20 wg/day
treatment group, this analysis revealed statistically sig-
nificant improvement in the percentage of patients who
met the cumulative Paulus criteria during the study (21
of 54, or 39%) versus the placebo group (11 of 57, or
19%; P = 0.035 by Fisher’s exact test). This difference

remained significant when potential confounding factors
(investigative site, baseline use of NSAIDs or steroids,
rheumatoid factor positivity, functional class, baseline
joint counts, ESR, age, sex, duration of disease, and
analgesic.use) were accounted for in a logistic regression -
model (P = 0.017 by Wald chi-square test) (25). The
percentage of responders (according to the Paulus cri-
teria) in the other 3 treatment groups decreased incre-
mentally with each increase in dosage of CII (Figure 1).
No statistically significant interactions between the
treatment and any of the covariates were observed.

~

Response rates for each of the 3 composite

% respanding

placabo 20 pgid 100 ppid 500 pg/d 2800 pgid

doge

Figure 1. Percentage of patients with rheumatoid arthritis, in the
intent-to-treat analysis, meeting the Paulus criteria for response to
treatment with type II callagen (CII) versus placebo at any time during
the study. The difference in response rates for placebo versus 20
pg/day of CII was statistically significant (P < 0.05).
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Table 2. Cumulative response rates for composite response criteria,
by treatment group*

Oral type II collagen

Composite 20 100 500 2,300

measure Placebo  pg/day  pg/day  pg/day  pg/day
Paulus criteria 19.3 38.9¢ 327 28.3 24.1
ACR criteria 17.5 25.9% 20.0 243 222
=30% criteria§ 31.6 46.31 40.0 43.4 40.7

* Values are percentages. ACR = American College of Rheumatol-
ogy.

+ P = 0.035 vs. placebo.

£ P = 0.360 vs. placebo,

§ =30% reduction in both swollen joint count and tender joint count.

£ = 0.123 vs. placebo.

criteria sets are shown in Table 2. Following the same
statistical analysis plan, numeric trends in favor of the 20

g/day group were seen using the ACR criteria and the
=30% reduction criteria, although there was no clear

difference in response rates between the doses used.
Since followup evaluations of functional status were
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conducted only at weeks 12 and 24, when the HAQ wag
administered, it is important to note that the ACR
criteria were therefore assessed at fewer time points
than the other criteria. The inclusion of functional status
improvement as a feature of the ACR criteria thus
resulted in lower absolute numeric values for responders
in this study.

The 4 individual measures selected as primary
efficacy end points were swollen and tender joint counts,
and physician and patient global assessments of disease
activity. Changes in these parameters among the treat-
ment groups during the study are shown in Figures
2A-D. Numeric trends in favor of the 20 pg/day group
versus the other treatment groups were seen for 3 of the
4 variables (tender joint count, and physician and patient
global scores), although there were no statistically sig-
nificant differences between the treatment groups at 24
weeks.

There were no statistically or clinically significant
changes from baseline, or differences between treatment
groups, in any of the measured blood or urine safety
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Figure 2. Changes in individual efficacy variables from baseline to 24 weeks by treatment group (intent-to-treat population). A,
Tender joint count. B, Swollen joint count. C, Percentage improvement in the physician global score for disease activity. D, Percentage

improvement in the patient global scare for disease activity.
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parameters. A review of individual patient values at
baseline revealed hematologic abnormalities tvpical of
patients with RA. Serum and urine chemistry results
were unremarkable during the study, excepl in 6 patients
who developed transaminase elevations greater than
twice the upper limit of the reference range. These 6
patients included 1 in the placebo group, 1 in the 20
wg/day treatment group, 1 in the 100 ug/day group, and
3 in the 2,500 pg/day group. The highest transaminase
level recorded was an alanine aminotransferase value of
583 IU. Three of the 6 patients stopped taking the study
medication, resulting in normalization of their transam-
inase levels, which was followed by a rechallenge with
CII and no subsequent liver enzyme abnormalities. The
other 3 patients also discontinued the study medication,
with subsequent normalization of their transaminase
levels; these 3 patients were not rechalienged with CIL
Overall, there were no differences between the treat-
ment groups in the incidence of any adverse event
during this study (data available on request), and no
serious adverse event was attributed to CII,

At baseline, serum 1gA and IgG antibodies to CII
were detected in 37% and 18% of patients, respectively.
When the aggregate group of all patients treated with
any dosage of CII was compared with the total placebo
group, the presence of anticoilagen antibodies was sig-
nificantly associated with an increased likelihood of
achieving a clinical response to CII as defined by the
Paulus criteria. Among patients with IgA antibodies
present at baseline, 28 (39.4%) of 71 Cll-treated pa-
tients responded, while only 4 (13.8%) of 29 patients in
the placebo group responded. Among patients with IgG
antibodies at baseline, 15 (45.5%) of 33 Cll-treated
patients responded as compared with 2 (13.3%) of 15
patients in the placebo group. These differences were
statistically significant (P < 0.02 for IgA positivity and
P < 0.05 for 1gG positivity, by Fisher’s exact test). There
was no significant change in IgA or IgG antibody status
with treatment, suggesting that sensitization to CII did
not occur. Levels of CRP at baseline did not correlate
statistically with the likelihood of response, nor did they
change significantly with therapy.

DISCUSSION

We report herein the results of the first multi-
center study of oral tolerance in the treatment of human
autoimmune disease. Utilizing the cumulative Paulus
criteria for response, CII at a dosage of 20 pg/day was
shown to be superior to placebo in the treatment of RA.
Although there was no clear difference between the

dosages used, numeric trends in favor of the 20 pg/day
dosage were also seen using the 2 other composite
criteria sets, as well as using 3 of the 4 primary individual
efficacy parameters that were followed up. As a group,
the patients studied in this trial had severe arthritis, with
a mean * SD duration of disease of 11.2 = 9.1 years. At
study entry, patients had a mean * SD of 24 = 11
swollen joints and 27 = 11 tender joints, and 85% of the
patients had taken DMARDSs previously. While statisti-
cally significant improvement was demonstrated with
only 1 of the 3 composite criteria sets applied, the mild
antirheurnatic properties of CII observed in this study
must be interpreted in the context of the disease dura-
tion and severity in the—cohort. Furthermore, CII was
shown to have an excellent safety profile that was
clinically and immunologically indistinguishable from
that of placebo. The high completion rate of 83% of
patients enrolled further atiests to the tolerability of CIIL.

A previous study by Trentham et al (10) revealed
a positive clinical effect in patients treated with CII at a
dosage of 100 pg/day for the first month and 500 pg/day
for months 2 and 3. The dose range in the present study
was chosen to incorporate these previously studied
dosages, in addition to both a lower and a higher dosage,
to try to elucidate the mast effective level of treatment.
The clinical effects seen at the 100 pg/day and 300
pg/day dosages in the present study were not as great as
those reported in the previous dose-escalation study
(10), but the patients in that trial had less severe disease
at baseline and no DMARD washout was required, both
of which may have contributed to this observed differ-
ence. The recent study of oral type II coliagen in the
treatment of RA by Sieper et al (11) revealed a higher
prevalence of responders among collagen-treated pa-
tients versus those receiving placebo, although statisti-
cally significant differences between treatment groups
were not found, In the study by Sieper et al, bovine,
rather than chicken, collagen was used, and the dosages
given (1 mg/day and 10 mg/day) were higher than those
utilized in the present study. Nonetheless, their finding
of a good response in a subset of patients is intriguing,
and it leads one to speculate that an immunologic
difference might exist that could render some patients
more likely to respond to this particular form of therapy.

This study has several limitations. The use of 3
composite criteria sets as end points makes it more difficult
to draw conclusions about the clinical efficacy of CII. Given
that a statistically significant effect was demonstrated with
only 1 of the 3 composite criteria sets tested, it would be
premature to interpret these results as conclusive evidence
of efficacy. However, since this was a phase II trial, a
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primary objective was to gather as much information as
possible about effectiveness, toxicity, and optimal dose.
Analyzing response rates using a cumulative-response stan-
dard can also be criticized, because patients who simply
exhibit oscillations in their disease activity (rather than true
response to treatment) might be counted as responders.
Although this is a valid concern, response rates were
compared with those in a placebo group of patients who
had an equal likelihood of similar disease fluctuations.
Because patients were divided among 5 different treatment
groups, the numbers of patients in each group were rela-
tively small, particularly for a multicenter trial. In addition,
patients in this study tended to have severe disease of long
duration, and therefore, no conclusions can be reached
about the use of CII to treat patients with milder or
early-stage RA. The dosages of CII tested in this study may
not have been optimal, given that the lowest dosage
showed the greatest efficacy. Ideally, dosages both lower
and higher than the most effective dosage should have
been included. Finally, the format of this trial precluded
knowing whether the same dosage of collagen is best for all
patients.

Qur finding that the 20 pg/day dosage proved to
be most effective, and that the response rates decreased
with each successive increase in dosage, is consistent
with observations in animal studies. Active suppression
of inflammation occurs in animal models with lower
doses of oral tolerogen, but not with higher doses at
which anergy and clonal deletion of T celis reactive
against the fed antigen are seen (13,14). In a rat model
of adjuvant arthritis, the dosage of oral CII most effec-
tive in suppressing disease was 3 pg/day (7). The mech-
anism of oral tolerance is believed to involve the gener-
ation of an immune response in the gut, in a manner
analogous to oral vaccinations, Given that dosages of
oral vaccines are not routinely adjusted based on body
weight, the efficacy seen with the lowest dosage tested in
the present study is believed to be consistent with the
animal data.

Orally dosed exogenous antigen has recently
been reported to activate CD4+ and noncytotoxic
CDB+ regulatory T cells that may contribute to a
down-regulation of cellular and humoral immunity
(26.27). The regulatory cells that orchestrate active
suppression appear to act via the secretion of inhibitory
cytokines, such as TGFB and [L-4 (12,27). It is presumed
that active suppression of inflammation by these regu-
latory lymphocytes requires migration of these cells to a
local microenvironment, which contains a protein re-
sembling the orally dosed heterologous antigen. Because
the regulatory cells generated by oral tolerization are
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primed in an antigen-specific manner but suppress in an
antigen-nonspecific manner, they mediate “bystander
suppression” when they encounter the orally dosed
autoantigen at sites of inflammation (28,29). Thus, it
may not be obligatory to identify the target autoantigen
for a given disease. What is required is to orally admin-
ister a protein that is present at the site of inflammation
and is capable of inducing regulatory cells to secrete
suppressive cytokines. These findings have important
implications for the use of oral tolerance as a therapeu-
tic approach for the treatment of T cell-mediated in-
flammatory autoimmune diseases in humans, in which
the inciting autoantigen is unknown or in which there is
autorsactivity to multiple autoantigens in the target
tissue. The results in the present study, with maximal
efficacy being demonstrated with the lowest dosage of
CII tested, are consistent with the results of animal trials
(7,8) and with the hypothesis that the mechanism of
action of oral tolerance in this setting is active suppres-
sion of inflammation rather than clonal anergy or dele-
tion. This finding also suggests that CII may be a useful
therapeutic protein even if type II collagen is not of
major pathogenetic importance as an autoantigen in
gstablished RA or is only one of multiple autoantigens
that are involved. '

It is of interest that the presence at baseline of
serum antibodies to CII, of either the IgA or IgG
isotype, was associated with an increased probability of
achieving a clinical response after treatment with CIIL
The basis for this association remains to be explained.
Bystander suppression would be expected to benefit
patients regardless of whether autoreactivity to CII is
involved in the pathogenesis of RA. It is possible that
there is a subset of patients with RA in which autoim-
munity to CII is of pathogenic importance. It recently
has been reported that the presence of antibodies to CII
in patients with early RA may be predictive of rapidly
progressive disease (30). In patients with antibodies to
CII, oral dosing with CII might trigger antigen-specific
mechanisms such as anergy or deletion. Alternatively, it
is possible that patients with serum antibodies to CII are
more likely to generate regulatory cells which would
mediate bystander suppression after oral dosing with
CIL Further research is needed to confirm this associa-
tion and to determine whether screening for collagen
antibodies would be warranted in deciding which pa-
tients to treat with CIL

The phenomenon of oral tolerance represents a
novel approach to the treatment of chronic, disabling
autoimmune diseases. To date, no serious adverse
events have been noted in animal or human studies of
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oral tolerance, and the simplicity and apparent safety of
this form of treatment make it extremely appealing.
Although efficacy of oral CII at 20 pg/day was found to
be statistically significant with only 1 of the 3 composite
criteria tested, the excellent safety profile and suggestion
of efficacy indicate that additional clinical investigations
with this protein are warranted, particularly in patients
whose disease has not reached the stage and severity
encountered in this trial. These studies should also
include further analysis of potential immunologic pre-
dictors of response to CII.
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Abstract

Previous studies have shown that undenatured type Il collagen (UC-ll) 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-Il as compared to a combination of glucosamine and chondroitin (G+C) in the
treatment of OA of the knee. The results indicate that UC-Il 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-ll 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-Il 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-Il 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-Il 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 disease can range from very mild to very severe (3).

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

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
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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-Il 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

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 HCI 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.

withdrawal for a period of 30 days, Visit 1
Physical
assessment,
. medical
Figure 1. UC-Il clinical study design. | history, clinical
. X assessments
The study was a two-site, randomized, and blood tests
double-blind study conducted in Lon- as indicated

Visit 2 Visit 3 Visit 4 Visit 5

Randomization Clinical Clinical Clinical
Clinical assessments as | assessments as assessments

assessments as indicated indicated as indicated

indicated; first
dose in clinic
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Canada.
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f f i !
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Table I. Schedule of observations and procedures

Procedure Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Screening Day 0 Day 30 Day 60 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: X X X X X

Weight, height*, heart rate and blood pressure.

Urine pregnancy test X

Concomitant medications X X X X X

Blood samples: X X

Uric acid, CBC count and differentiation, albumin, total

protein, sodium, potassium, chloride, BUN, creatinine,

ALT, AST, bilirubin, ESR, rheumatoid factor

WOMAC, VAS and Lequesne scores X X X X X

X-ray

Randomization X

Blood sample: ALT, AST, bilirubin, albumin. Xt Xt

Knee flexion, Time to walk 50m, Swelling in the knee joint, X X X X

Time for climbing 10 steps

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 X X X

Compliance calculated

Subject Treatment Diary returned X X X

Adverse Events X X X

* height was only measured at visit 1

TIf 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 usiniother therapies for OA, such as exercise, heat/cold therapy, joint protection and dphysiotherapy / occuéaational 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 inﬂammatorr 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)

http://www.medsci.org
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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 HCI (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 1II) 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 128.2+9.36 1263 +12.5
(mm)
Diastolic Blood Pressure 81.9+7.43 79.7 £ 8.60
(mm)
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
Visit Treatment Group

uc-n 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%

120

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.

80

60

40

Relative WOMAC Scores (% of baseline)

20

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).

BUC-II BG+C

Hk

0 30 60 90
Treatment Duration (days)
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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.

Relative Lequesne's Index (% of 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-IL 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-IIL.
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.

120 -
BUC-II OG+C
100 -
80 -
60

40

20 -

0 30 60

Treatment Duration (days)

90
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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

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

Severity (n)

Mild

Moderate

Severe

Relationship to Test Article (n)

Not related
Unlikely
Possible
Probable

Most Probable
Body System (n)

Pain

Gastrointestinal

Musculoskeletal / Soft Tissue

Neurology

Pulmonary / Upper Respiratory

Hemorrhage/Bleeding

Blood/Bone Marrow

Dermatology /Skin

Allergy / Immunology

Infection

Lymphatics

Hepatobilary / Pancreatic

Renal / Genitoruinary

Constitutional Symptoms

Syndromes

Auditory/Ear

Ocular / Visual

Metabolic / Laboratory

Total Number of Adverse Events Experienced During Study (n)
Total Number of Subjects Experiencing Adverse Events: n (%)

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.

Treatment Group

UC-II (n=26) G + C (n=26)
15 35
19 2
1 1
17 20
14 30
4 8
0 0
0 0
10 17
5 15
7 5
0 2
2 1
2 1
2 1
2 3
0 1
1 3
0 1
0 0
0 0
2 3
1 1
0 1
0 1
1 2
35 58
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 HCI,
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 11
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 154% 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-IL.
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ORAL TYPE II COLLAGEN TREATMENT IN
EARLY RHEUMATOID ARTHRITIS

A Double-Blind, Placebo-Controlled, Randomized Trial

JOACHIM SIEPER, SONJA KARY, HELMUT"SORENSEN, RIEKE ALTEN, ULRICH EGGENS,
WERNER HUGE, FALK HIEPE, ANDREA KUHNE, JOACHIM LISTING, NORBERT ULBRICH,
JURGEN BRAUN, ANGELA ZINK, and NICHOLAS AVRION MITCHISON

Objective. To investigate the efficacy of oral type
II collagen in the treatment of early rheumatoid arthri-
tis (RA).

Methods. Ninety patients with RA (disease dura-
tion =3 years) were treated for 12 weeks with oral
bovine tvpe II collagen at 1 mg/day (n = 30) or 10
mg/day (n = 30) or with placebo (n = 30), in a
double-blind randomized study.

. Results. There was no significant difference be-
tween the 3 groups in terms of response to treatment.
However, we observed a higher prevalence of respond-
ers in the type II collagen—treated groups: 7 responders
in the 10-mg type II collagen group and 6 in the 1-mg
group, versus 4 in the placebo group. Furthermore, 3
patients in the 10-mg type II collagen group and 1
patient in the 1-mg type II collagen group, but no
patients in the placebo group, had very good response.
A total of 14 patients had to be withdrawn from the
study: 2 because of side effects (nausea) and 12 because
of lack of efficacy.

Conclusion. Only a minority of patients re-
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sponded to treatment with oral type II collagen. These
results justify further efforts to identify which patients
will have a good response to such therapy.

Oral tolerance therapy has long been recog-
nized as being able to induce peripheral immune
tolerance to specific antigen (1,2). Low doses of orally
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 highly effective in various
animal models of human autoimmune diseases, includ-
ing coilagen-induced arthritis (3) and adjuvant arthritis
(4), two models that resemble human rheumatoid
arthritis (RA). Type II collagen 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 (7,8).

Antigen-specific bystander suppression has
been described in several animal models 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 cells
primed to type II collagen in the gut would release
suppressive cytokines after a second stimulation by
type II collagen 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-10, and transforming growth
factor B (TGFp), secreted by T cells that are specifi-
cally activated in the Peyer’s patches of the gut (10).
Thus, oral tolerance can be regarded as one approach
to rectifying imbalance in T cell cytokine levels.

Although there has been debate in the past



about the role of T cells in the pathogenesis of RA
(11,12), there is now increasing evidence of their
importance. Several investigators have been able to
detect T cell cytokines in RA synovial membrane by
molecular genetic (13) or immunohistologic methods
(14,15). Furthermore, there is evidence that the Thl
cytokine interferon-y (IFN+) predominates in RA
synovial membrane (13), as it does in animal models of
other T cell-mediated autoimmune diseases such as
multiple sclerosis (16) and diabetes mellitus (17). Thus,
the concept has arisen that Thl cells secreting mainly
IFNvare responsible for the chronic immune response
against an unknown self antigen, while Th2 cytokines
such as IL-4 and [L-10 would inhibit such a immune
response (18). This provides scope for intervention
strategies which aim at a shift from a Thl to a Th2
pattern. In experimental allergic encephalomyelitis
(the animal model of muitiple sclerosis), in non-obese
diabetic mice (the animal model of diabetes mellitus),
and in collagen-induced arthritis (an animal model of
RA), a suppressive effect of Th2 clones (10), IL-4 (19,
and the IL-4 gene (20) has been demonstrated. In this
context, oral tolerance would work via local produc-
tion (*'bystander suppression’’) of Th2-type cytokines,
which are believed to down-regulate the damaging
effect of arthritogenic Thl cytokines.

Recently, the first clinical trial of oral type 11
collagen in the treatment of RA demonstrated a trend
toward improvement in the type II collagen—treated
group compared with the placebo group (21). The
design of the present study had three important differ-
ences from this earlier study: 1) only patients with
carly RA (disease duration =3 years) were included;
2) 2 different doses of type II collagen (1 mgand 10 mg)
were compared with placebo; and 3) instead of chicken
type II collagen we used bovine type II collagen,
which has a higher homology to human type II colla-
gen. In this study we found a slightly higher response
rate among type Il collagen—treated patients compared
with those who received placebo, especially in the 10
mg group, although this difference was not significant.

PATIENTS AND METHODS

Patient recruitment and characteristics. Patients were
recruited at 5 rheumatology clinics in Berlin. Inclusion
criteria were as follows: 1) a diagnosis of RA according to
the 1987 criteria of the American College of Rheumatology
(ACR; formerly, the American Rheumatism Association)
(22); 2) disease duration =<3 years; 3) no treatment with
disease-modifying antirheumatic drugs (DMARDSs) in the
previous 2 weeks; 4) clinically active RA with at least 4
swollen and tender joints; ) treatment with a second-line
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drug according to need assessed by the physician; 6) pred
nisolone dosage =7.5 mg/day during the trial and for the I-
days before the trial, and no intraarticular injections o
corticosteroids during the trial; 7) disease onset between the
ages of 16 and 63; 8) patient’s written consent.

Patients were excluded from the study if they hac
myocardial insufficiency, renal insufficiency (serum creati.
nine >2.0 mg/dl), disturbance of liver function (alkaline
phosphatase >300 units/liter, serum glutamic oxaloacetic
transaminase [SGOT] >50 units/liter, or bilirubin >1.5 mg/
dl), malignancy, or a considerably reduced general state of
health as determined by the physician.

Design and duration of the study. The study was a
controlled, randomized, double-blind, phase II trial that
included 3 groups of patients: 2 different dosage regimens of
oral bovine type II collagen (1 mg and 10 mg) were tested
against placebo. The planned study size was 30 patients per
study arm. Study duration was 12 weeks. The study protocol
was approved by the ethical committee of the Klinikum
Benjamin Franklin of the Freie Universitit Berlin, -

Concomitant medication. All patients were treated
with nonsteroidal antiinflammatory drugs (NSAIDs)
throughout the trial. Any change in dosage or preparation
was recorded. -

Clinical and laboratory assessments. All patients were
examined at (), 4, 8, and 12 weeks after the start of treatment.
The following clinical disease variables were assessed
(23,24): number of painful joints (28-joint count), number of
swollen joints (28-joint count), patient’s global assessment of
pain on a 10-point numerical rating scale, the Funktions-
fragebogen Hannover (FFbH) questionnaire for measuring
functional disability (25), patient’s global assessment of
disease activity on a 10-point rating scale, physician’s global
assessment of change in disease activity at the end of the
treatment (on a S-point rating scale), and erythrocyte sedi-
mentation rate (ESR). We decided to use the FFbH ques-
tionnaire for measuring physical function because it is the
best-validated instrument for RA patients living in Germany.
The applied version consists of 12 questions concerning

- activities of daily living. Patients answer on a 3-point scale:

I = yes, 2 = yes but with difficulty, 3 = no or only with help.
Based on these responses, a score of 0 (no function) to 100%
(unimpaired function) is generated. The Ritchie articular
index (RAI) (26), duration of morning stiffness, grip strength
{mean value of 3 measurements with a Martin vigorimeter),
rheumatoid factor (RF), and C-reactive protein (CRP) levels
were also documented. Radiographs obtained at study entry
were reviewed retrospectively by one examiner.

RF was determined by quantitative nephelometric
measurement of latex agglutination (N Latex RF; Behring
AG, Marburg, Germany). A level >40 units was regarded as
positive. CRP was determined by quantitative nephelometric
measurement (N Latex CRP reagents; Behring AG). A value
>6 mg/ml was considered positive. HLA class 11 lyping was
performed by sequence-specific primed polymerase chain
reaction (PCR) (27) and consecutive sequencing-based typ-
ing after group-specific PCR amplification (28).

To monitor for possible side effects, the following
variables were investigated at each visit: subjective condi-
tion, clinical status (measurement of weight and tempera-
ture, auscultation of heart and lung, abdominal palpation for
tenderness and/or resistance, arterial blood pressure mea-
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Table 1. Baseline characteristics of the 90 rheumatoid arthritis patients, by treatment group

Placebo I-mg type II 10-mg type II
group collagen group collagen group
Characteristic* (n = 30) (n =30) (n = 30)
Age, mean * SD years 53 %13 52+8 49 = |1
No. female/no. male 25/5 20/10 22/8
Disease duration, mean * SD months 10.3 = 7.8 20.2 = 12.0 123 % 12.9
Functional status, no.t
Class 1 : 3 2 3
Class 11 13 18 18
Class 111 12 10 9
Class IV 1 0 0
Elevation of ESR, yes/no 15/15 22/8 13/17
Elevation of CRP, yes/noz 16/14 20/10 13/17
RF positive/negativet 14/16 17713 16/14
RA-associated HLA subtype, yes/not 16/14 19/11 o 16/14
Prednisolone treatment, yes/no§ 8/22 7/23 12/18
Previous DMARD treatment, no.
None 20 22
Gold salts 2 -
Auranofin 1 -
Methotrexate 2 4
Hydroxychloroquine - I
Sulfasalazine - 5 3

* ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; RA = rheumatoid arthritis;

DMARD = disease-modifying antirheumatic drug.

T According to the revised criteria of the American College of Rheumatology (ref. 53).

t As defined in Patients and Methods.
§ Upto 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.
Criteria for response. According to the definition
proposed by the ACR (29), improvement in RA in clinical
trials requires a =20% improvement in both tender joint
count and swollen joint count and an additional =20%
improvement in at least 3 of the following S parameters:
patient global assessment of disease activity, patient pain
assessment, patient self-assessed disability, physician global
assessment of disease activity, and acute-phase reactant
(ESR or CRP). For the FFbH, a change of =11% has been
found to be significant by test-retest comparison (25), so this
cutoff was used to designate a =20% improvement, and a
change of =222% to designate a =40% 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 10-point scale. A difference of 1 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 20%,
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 collagen was lyophilized and
stored at —20°C. For the trial, type II collagen was dissolved
in 0.5M acetic acid to final concentrations of 0.2 mg type II
collagen/ml 0.5M acetic acid or 2 mg type II collagen/ml
0.5M acetic acid. Vials containing either 5 ml of 0.2 mg type
II collagen/ml 0.5M acetic acid (1 mg type II collagen group),
5 ml of 2 mg type II collagen/ml 0.5M acetic acid (10 mg type

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

1-mg type II 10-mg type Il

{-mg type II 10-mg type 11

Placebo collagen collagen Placebo  collagen collagen
group group group group group group
(n = 30) (n = 30) (n = 30) (n=30) (n=30) (n = 30)
Pruritus 2 2 3 All dropouts 6 (20) 4(13) 4 (13)
Exanthema 2 0 3 Dropouts due to disease 5017 4(13) 3 (10)
Gastrointestinal symptoms 4 2 4 worsening
Headache 0 0 2

Dropouts due to side effects 1 (3) 0(0) I (3)




Table 4. Number (%) responders and nonresponders, by treat-
ment group

I-mg type II 10-mg type [1
Placebo collagen collagen
group group group
Outcome (n = 30) (n = 30) (n = 30)
Improvement =209%* 4 (13) 6 (20) 7 (23)
Improvement =40%%*+ 0(0) 1(3) 310
Unchanged or worsenirg 26 (87) 24 (80) 23.(77)

* According to the American College of Rheumatology criteria (ref.
’79)

T Includes those whose -conditions improved by =20%.

IT collagen group), or 5 ml 0.5M acetic acid (placebo group)
were distributed once a month to the patients, who kept
them in their home refrigerators at 6°C. Every morning
patients swallowed this solution diluted in a glass of water
(~100 ml), together with a multivitamin preparation - to
improve the taste.

Statistical analysis. All patients who were enrolled in
the study were included in the evaluation. Before unblind-
ing, the following specifications of the study protocol were
determined: the response criteria proposed by the ACR (29)
would be used for assessment of efficacy; each patient who
fulfilled the criteria would be counted as a responder; and all
other patjents, including those who did not complete the
trial, would be counted as nonresponders. The response
rates were compared by Fisher's 1-tailed exact test (signifi-
cance level 5%). If the response rate was comparable with
that of methotrexate or gold, the test would have a power of
at least 80% (29).

Additionally, mean changes between baseline and
the end of the trial were described for the following efficacy
parameters: tender joint count, swollen Jjoint count, RAI,
ESR, pain and disease activity assessment by the patients,
functional capacity, morning stiffness, and grip strength.
Analysis of covariance (ANCOVA) was used to compare
these parameters, in order to detect any differences between
groups. Individual differences (baseline value minus out-
come) were adjusted for their starting point according to the
model equation of ANCOVA, and these adjusted differences
were then evaluated with two [-tailed nonparametric tests.
The Mann-Whitney test and the multivariate O’Brien test
(32) were applied. In all tests, P values less than 0.05 were
considered significant. g

The statistical analysis included all 90 patients. An
analysis of only those who completed the trial might have
biased the results. We tested a simple method of replacing
missing values (substituting the last valid value) and a more
complex one (extrapolation by regression). Since the results
were the same, the tables present only the first set of data,
No replacement was made in the case of the FFbH because
the FFbH was answered only twice, so a missing last value
could not be estimated.

RESULTS
Patient characteristics at study entry. Ninety
patients were enrolled in the study (30 in each group),
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of whom 67 (74.4%) were women and 23 (25.6%) we;
men. The mean age was 5| vears (range 19-68
Seventy patients (78%) had not been treated prev
ously with any DMARDs. Only 2 patients in tt
placebo group had received DMARD treatment befor
the beginning of the study, in comparison with |
patients in the I-mg type I collagen group and
patients in the 10-mg type II collagen group. Radic
graphs from the time of study entry, available for 6
patients, were examined retrospectively by one ok
server. Twenty-three patients exhibited erosions and .
patients had joint space narrowing as radiologic sign
of cartilage destruction. Table 1 summarizes the pa
tients’ characteristics at the start of the trial. The mea;
duration of disease, the number of patients with ele
vated ESR or CRP, the number of RF-positive pa
tients, and the number of patients having an RA.
associated HLA class II subtype (DRBI1*0101, 0401
0404, 0405, and 0408 [33]) were nonsignificantly higher
in the 1-mg type II collagen group compared with the
10-mg type II collagen group and the placebo group.
The groups were statistically similar in their demo-
graphic and clinical characteristics.

Side effects and withdrawals. Side effects were
mild and were equally distributed among the groups
(Table 2). Only 2 patients had to be withdrawn from
the study because of a side effect (nausea in both
cases), and 12 patients were withdrawn due to lack
of efficacy (Table 3). Both the I-mg and the 10-mg
collagen treatment groups had fewer withdrawals
due to disease worsening (4 patients and 3 pa-
tients, respectively) compared with the placebo group
(5 patients).

Responders. Eighteen of the 99 patients had
improvement according to the ACR criteria. One of
the placebo group patients was not treated with pred-
nisolone at study entry, but was treated with 7.5 mg
prednisolone daily from week 4 unti] week 12 during
the trial. This patient was not counted as a responder
although the improvement criteria as described above
were fulfilled.

There was no significant difference in response
rates among the 3 groups, although more patients
fulfilling the ACR criteria for 20% improvement were
found in the 2 type II collagen groups than in the
placebo group: 4 patients in the placebo group, 6
patients in the I-mg type II collagen group, and 7
patients in the 10-mg type II collagen group responded
(Table 4). Furthermore, 3 patients in the [0-mg type 1I
collagen group and 1 patient in the I-mg type 1
collagen group showed a very good response, either

_with an improvement of =40% by the ACR criteria
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(patients 4, 6, and 12; Table 5) or with no swollen or
tender joints 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 detail in
Table 5. No remission as defined by the ACR criteria
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 12-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 10 mg
type II collagen/day, 1 mg type II collagen/day, and
placebo, in terms of either the ACR criteria for im-
provement in RA (29) or the mean differences in single
variables. However, we found that RA patients treated
with type II collagen 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 20% improvement, compared with 6
patients in the 1-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 collagen—
treated group, but no patient in the placebo group,
showed a very good response: 2 patients in the 10-mg
collagen group and 1 in the 1-mg collagen group had
improvement of at least 40%, and another patient in
the 10-mg group had no tender or swollen joints at the
end of the study. This is similar to 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 also unimpres-
sive. The salient feature of both studies seems to be
the good response, with remission or near-remission,
in a minority of patients. It does not seem to make
much difference whether chicken or bovine type Il
collagen 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 findings indicate that the higher dosage of
type II collagen, i.e., 10 mg/day, may be superior to
the lower dosage. However, the differences between

groups were too small to allow clear conclusions. It
should be noted that the patients in the 1-mg type 11
collagen group had slightly more severe disease at
study entry, as judged from the clinical data (Table 1).
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, it 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. Furthermore, the number of
dropouts was smaller in the type II collagen groups
than in the placebo group, making it unlikely 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 question of why only a
small number of patients respond, and whether these
potential responders could be identified prior to treat-
ment. No differences in RF positivity, 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
collagen in the gut differently. A number of possibili-
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

tolerance. 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 it is not yet clear where and
how type II collagen is digested in the gastrointestinal
tract. This problem might be circumvented in the
future if immunodominant type II collagen peptides
can be identified and fed or inhaled (39), instead of
administering the whole protein.

Furthermore, it has been suggested that induc-
tion of oral tolerance might be dependent on an intact
mucosa, since a damaged mucosa allows the passage
of immunogenic macromolecules (35,37). This could
prevent oral tolerance in RA, since nearly all patients
are treated with NSAIDs, which have a known
mucosa-damaging effect (40,41). Another possibility is
that a change of the bacterial gut flora, for example by
drugs (42,43) or diet (44), could also influence the



Table 5. Clinical and laboratory parameters of efficacy and patient characteristics in responders*
Previous
HLA Disease DMARD
Patient Tender Swollen class I duration, Radiologic (washout
no./sex Jjoints Pain  activity FFbH assessment RF DRBI  months findings phase)
10 mg type 11
collagen group
Patient I/F .
Baseline 15 3 -
Study end 9 1 100.0 0401 36 Erosions in MTX
feet (25 days)
Difference 6.0 2.0 -
Difference in % 40.0 20.0 -
Patient 2/F
Baseline 17 6 91.7
Study end 0 2 95.8 2 T 32 No erosions MTX
(5 months)
Difference 17.0 4.0 4.2
Difference in % 100.0 40.0 <20
Patient 3/F
Baseline 10 5 75.0
Study end 8 2 83.3 - 0101 7 No erosions None
Difference 2.0 3.0 8.3
Difference in % 20.0 30.0 <20
Patient 4/F
Baseline 17 6 25.0
Study end 1 1 66.7 0401 16 No erosions None
Difference 16.0 5.0 41.7
Difference in % = 94.{ 50.0 =40
Patient 5/F
Baseline 16 4 75.0 .
Study end 5 1 95.8 t 8 No erosions None
Difference 11.0 3.0 20.8
Difference in % 68.8 300 =20
Patient 6/F
Baseline 20 6 8 66.7
Study end 10 2 2 83.3 t 3 No erosions None
Difference 10.0 4.0 6.0 16.7
Difference in % 50.0 40.0 0.0 =20
Patient 7/F
Baseline 15 I 4 100.0
Study end 9 3 2 100.0 2 ~ 0101 4 No erosions None
Difference 6.0 —2.0% 2.0 0
Difference in % 40.0 —20.0% 0.0 <20
! mg type II
collagen group
Patient §/F
Baseline 14 8 8 50.0
Study end 5 4 4 66.7 0101 11 Erosions in None
: hands
Difference 9.0 4.0 4.0 16.7
Difference in % 64.3 40.0 40.0 =20
Patient 9/M
Baseline 12 6 7 87.5
Study end 5 3 4 91.7 0401 11 No erosions AUR
(10.5 months)
Difference 7.0 3.0 3.0 4.2
Difference in % 58.3 30.0 30.0 <20
Patient 10/F
Baseline 17 5 6 50.0
Study end 0 2 2 70.8 - 0101 12 No erosions None
Difference 17.0 3.0 4.0 20.8
Difference in %  100.0 30.0 40.0 =20
Patient 11/M
Baseline 3 5 79.2
Study end I 5 91.7 0401 6 No erosions 5SSz
(18 days)
Difference 2.0 0 .0 12,5
Difference in % 66.7 0 20.0 =20
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Table 5. (Cont'd)
Previous
HLA Disease DMARD
Patient Tender Swollen Disease Physician class II  duration, Radiologic (washout
no./sex joints  joints ESR Pain activity FFbH assessment RF  DRBI months findings phase)
Patient 12/F
Baseline 28 16 30 6 4 87.5
Study end 2 0 10 2 1 100.0 1 - 0101 7 No erosions None
Difference 26.0 16.0. 200 4.0 3.0 12.5
Difference in %  92.9 100.0  66.7 40.0  30.0 =20 40
Patient 13/F
Baseline 21 12 36 5 5 62.5
Study end 6 2 18 3 2 79.2 1 - 0401 10 No erosions None
Difference 15.0 10.0 18.0 2.0 3.0 16.7
Difference in % 71.4 83.3  50.0 20.0 30.0 =20 40
Placebo group '_
Patient 14/F
Baseline 13 12 1 3 3 91.7 ]
Study end 0 6 7 0 0 100 2 - 0401 20 No x-ray None
available
Difference 13.0 6.0 4.0 3.0 3.0 8.3
Difference in %  100.0 50.0 364 30.0 300 <20 20
Patient 15/F
Baseline 17 10 30 8 4 41.7
Study end 6 4 23 6 4 50.0 2 + 0401 6 No x-ray None
available
Difference 11.0 6.0 7.0 2.0 0 8.3
Difference in % 64.7 60.0 233 200 0 <20 20
Patient 16/F
Baseline 6 4 44 5 6 79.2
Study end 3 3 36 2 3 91.7 2 + 0101, 0401 26 No x-ray SSZ
available (7 months)
Difference 3.0 1.0 8.0 3.0 3.0 12.5
Difference in % 50.0 250 18.2 30.0  30.0 =20 20
Patient 17/F
Baseline 8 12 22 5 5 87.5
Study end - 6 6 6 3 3 95.8 2 - 0401 10 No erosions None
Difference 2.0 6.0 160 2.0 2.0 8.3
Difference in %  25.0 50.0 72.7 200 200 <20 20

* Tender and swollen joint values are from a 28-joint count. Pain and disease activity were rated on a 10-point scale. Physician assessment was
done on a 5-point scale. ESR = erythrocyte sedimentation rate (mm/hour); FFbH = Funktionsfragebogen Hannover questionnaire (resuits
expressed as percentage of full functional capacity; difference in % as defined in Patients and Methods); RF = rheumatoid factor; DMARD =
disease-modifying antirheumatic-drug; MTX = methotrexate; AUR = auranofin; SSZ = sulfasalazine.

t HLA subtype not associated with RA.
} Negative difference indicates deterioration.

effect of oral tolerance. It has been shown that orally
administered lipopolysaccharide, a major component
of bacterial cell 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 (46). Finally, treatment of animals with IFN~y
abrogates oral tolerance (47). This could be taken as
evidence that a strong Thl response counteracts the
assumed Th2 response induced by oral tolerance.
Various influences can induce or increase a concomi-
tant Thl response, e.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 Thl response (48).

An additional factor as to 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, animal 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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Table 6. Disease variables in the 2 type II collagen groups and the placebo group*

Difference from entry at week®

Mean = SD Adjusted
Variable, group value at entry 4 8 12 differencet
ACR core set variables
Tender joints (28-joint count)
Placebo 13.8 = 6.1 2.2%+49 3.1=x5.2 2.7x756 34 =67
1 mg collagen 15.7+75 34357 5.8 +6.7 5.3=72 5.1 =64
10 mg collagen 16.3 £5.9 2.3 =438 4273 35274 3.0=7.1
Swollen joints (28-joinc count)
Placebo 113 =50 l4+40 — 16=x309 0.8 =47 1.0 =51
1 mg collagen 126 =50 1.7 £ 4.4 32=%5.1 33=x52 3249
10 mg collagen 12.5 % 5.0 2.4 47 2.1%6.6 26%75 2570
ESR (mm/hour)
Placebo 31.9 £ 29.4 0.9 =157 2.5 115 33+ 12,6 3.5 =135
1 mg collagen 40.9 = 31.2 7.6 + 18.3 12.0x242 10.0 = 24.0 8.3 = 20.1
10 mg collagen 26.5 £ 21.5 —4.2 + 145 ~7.8 = 16.8 -2.5 + 138 —-1.2 % 155
Patient assessment of disease
activity (10-point rating scale)
Placebo 52+18 1.3 =23 1.1£19 1.0 £ 20 0.9 =19
1 mg collagen 4524 0.5 2.1 0.1+x27 0.1 =27 0.1 =23
10 mg collagen 48 1.9 0.1 %19 ~-0.2£26 0.0 = 2.6 0.0=25
Patient pain assessment
(10-point rating scale)
Placebo 5.4 +21 0.8 =24 1.0 = 2.1 1.0 = 1.9 0.6 =22
1 mg collagen 45 2.1 -0.3+238 0.0+26 0.4 =20 0.0=x24
10 mg collagen 5.0+1.9 -0.3 =26 =03 %256 -0.1 %15 ~02=:z53
Patient self-assessed disability (FFbH)$§
Placebo 71.8 = 18.2 5.7+ 12.6
1 mg collagen 76.7 = 16.9 5.0 £13.1
10 mg collagen 76.0 = 16.8 1.4 =148
Physician assessment of change in
disease activity (5-point scale)f
Additional variables
Ritchie articular index .
Placebo 154 = 6.8 2.8+ 6.6 3.9x93 2.6 = 9.8 3.7=9.9
1 mg collagen 18.6 £ 8.3 4.9 =74 6.7 = 10.3 5.6 9.6 53 =31
10 mg collagen 19.4 + 10.1 3.4 x64 4.7 +11.0 5.2 =% 11.0 4.5 =100
Morning stiffness (minutes)
Placebo 117.2 £ 623 49.3 = 53.1 35.0 = 106.2 48.5 = 66.6 110 = 37.0
1 mg collagen 82.2 =823 3.4 = 160.2 24.3 = 89.2 26.2 = 87.3 315 = 73.4
10 mg collagen 98.2 = 68.6 30.2 £ 54.7 23.9 £ 88.2 49.0 = 64.3 48.5 = 49.5
Grip strength (kPa), right hand
Placebo 36.7 = 20.7 8.4 + 16.0 11.9 £ 17.3 8.7x 176 6.6 = 16.5
1 mg collagen S51.4 £ 256 2.0 =134 0.5 =17.8 0.7 = 17.9 2.1 = 17.1
10 mg collagen 50.3 = 26.5 —4.6 = 11.0 -0.9 = 17.4 1.9 = 20.7 3.0 =199
Grip strength (kPa), left hand :
Placebo 23.7 = 16.4 21.8 = 16.1 22.8 = 18.0 20.3 = 16.3 20.1 = 16.3
1 mg collagen 37.2 £ 22.1 16.8 = 12.6 162+ 17.3 15.0 = 17.8 152 =177
10 mg collagen 33.3£19.3 13.8 =143 16.0 = 16.0 17.1 = 18.2 17.2 = 18.3
* All patients who enrolled (including dropouts) were included in the analysis; n = 30 in each group. ACR = American College of

Rhcumatology; see Table 5 for other definitions.

T Negative difference indicates deterioration.

1 Baseline minus week 12, as defined in Patients and Methods.

§ Applied only at study entry and end. Results expressed as percentage of full functional capacity; dropouts not included.

{ At study end. In the placebo group, 1 patient’s condition was judged to be much improved, 17 improved, 5 unchanged, 5 deteriorated, and
2 much deteriorated. In the 1 mg collagen group, 3 patients’ conditions were judged to be much improved, 11 improved, 9 unchanged, 4
deteriorated, and 3 much deteriorated. In the 10 mg collagen group, 3 patients’ conditions were judged to be much improved, 12 improved, 7
unchanged, § deteriorated, and 3 much deteriorated.

RA in a study like this lies in the possibility that patients with other, RA-like, diseases are likely to be
non-RA patients may be inadvertently included. Al- included, despite the reported 85% specificity of the
though all patients in the study met at least 4 of the criteria in early RA (22). Diseases that can resemble
ACR criteria for RA, in the absence of erosions early RA, such as primary Sjégren’s syndrome, do not
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normally lead to erosions of cartilage/bone. However,
the concept of oral tolerance in a disease like RA relies
heavily on the effect of bystander suppression induced
by type Il collagen in the joint.

Normally, type 1I collagen is sequestrated at a
privileged site, where it is not recognized by the
immune system. Only in a cartilage-destroying disease
like RA, with formation of new blood vessels and
invasion of T cells and macrophages, can it be as-
sumed that T cells migrating from the gut recognize
and are stimulated by collagen in the joint. This would
mean that a condition that is confined to inflammation
in the synovium, without cartilage damage, would not
benefit from treatment with oral type II collagen.
Individuals with such conditions 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 early in
disease.

. An important means of identifying which RA
patients are likely to respond to oral/nasal 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
other diseases (49,50). By way of comparison, mice in
which arthritis is induced by foreign type 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 oral tolerance
could be measured in patients or controls by the
release of cytokines of peripheral blood lymphocytes
after in vitro stimulation with type II collagen. Forty-
eight to 52 hours after stimulation with myelin basic
pretein, TGF-secreting regulatory 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, especially in the 10-mg treatment
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 it combines nontoxicity with antigen
selectivity. Above all, we need to know how to iden-
tify which RA patients are likely to respond to oral
tolerance therapy.
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E-f'fects of Oral Admm:strat:én of Type Il Collagen
on Rheumatmd Arthritis

David E. Trentham,* Roselynn A. Dynesius-Trentham,
E. John Orav, Daniel Combitchi, Carlos Lorenzo,
Kathryn Lea Sewell, David A. Hafler, Howard L. Weiner

eumatoid arthritis is an inflammatory synowal disease thoughtto invalve T cells reacting
'an antigen within the joint. Type Il collagen is the major protein in articular cartilage and
‘a potential autoantigen in this disease. Oral tolerization to autoantigens suppresses
innal models of T cell-mediated autoimmune disease, including two models of rheu-
¥atoid arthritis. In this randomized, double-blind trial involving 60 patients with severe,
serive rheumatoid arthritis, a decrease in the number of swollen joints and tender joints
ccurred in subjects fed chicken type Il collagen for 8 menths but not in those that received
placebo. Four patients in the collagen group had complete remission of the disease. No
de effects were evident. These data demonstrate clinical efficacy of an oral tolerization

=approach for rheumatoid arthritis.

eumatoid arthritis (RA) is a common
rronic illness in which the synovial mem-
ane of multiple joints becomes inflamed,
nslng damage to cartilage and bone. Al
Bhough the pathogenetic mechanisms un-

erlying the disease are unknown, rheuma-
id arthritis is associated with human lym-
ocyte antigen (HLA)-DR4 and consid-
red to be an autoimmune disorder in
ich activated T cells participate (1).
pe 11 collagen is a candidate autoantigen
t this disease because it is the most abun-

t structural protein of cartilage, and
: unization of animals with the native
rotein creates arthritis morphologically re-

bling rheumatoid arthritis (2, 3). Pa-
enits with the disease have immune re-
onses to native type II collagen (4), but
whether collagen reactivity participates in
“Atie primary pathogenesis of rheumatoid
M8rthrits or reflects tissue degradation is

own.

i Current treatments are inadequate in
at they only partially control established
cumatoid arthtitis. They also have side

fects that limit use early in the disease

ess and interfere with prolonged ad-
istration (5). An ideal therapy would
ease inflammation in the joint by a
ase-specific mechanism and would lack
ccity. Oral rtolerization, a method of
ducing antigen-specific tolerance, sup-

. Trentham, R. A. Dynesius-Trentham, D. Combit-
C. Lorenzo, K. L. Sewell, Division of Rheumatol-
Department of Medicine, Beth Israel Hospital, the
es A. Dana Research Institute, the Harvard-
dike Laboralory, Harvard Medical School, Bos-
¥i, MA 02215,
. Orav, Department of Medicine, Brigham and
nmen's Hospital, Harvard School of Public Health,
on, MA 02115,

Hafler and H. L. Weiner, Cenler for Neurclogic
eases, Division of Neurclogy, Depariment of Med-
2, Brigham and Women's Hospital, Harvard Med-
Schoal, Boston, MA 02115,

whom coraspondence should be addressed.

presses animal models of the autoimmune
diseases multiple sclerosis, uveitis, and dia-
betes (6~11). In a double-blind pllot trial
involving 30 patients with multiple sclero-
sis, oral administration of bovine myelin

antigens decreased the number of T cells *

that reacted with myelin basic protein
(MBP), with no measurable toxicity (12).
Although favorable trends occurred in the
myelin group, clinical efficacy could not be
determined because of the small sample
size.

Oral administration of native type II
collagen ameliorates two animal models of
rheumatoid arthritis induced by type II
collagen (13) or complete Freund's adju-
vant (14). These experimental findings pro-
vided the rationale for a pilot, open-label
dose-escalation and safety study in 10 pa-
tients with recalcitrant rheumatoid arthri-
tis. Subjects were taken off their immuno-
suppressive and disease-modifying drugs
consisting of methotrexate, 6-mercapropu-
rine, azathioprine, or auranofin and fed 0.1
mg of solubilized type II collagen daily for 1
month and then switched to 0.5 mg for the
next 2 months (15). This dose was extrap-

_olated from experiments in the rat adjuvant
arthritis model where feeding 3 to 30 pg of
collagen attenuated disease (14) and the rat
experimental autoimmune encephalomyeli-
tis (EAE) model where feeding 500 to 1000
g of MBP was suppressive (6, 10). Six of
the 10 patients experienced a substantial
clinical response, defined by a =50% im-
provement in both swollen and tender joint
counts with two additional disease measures
improving by =50% [morning stiffness,
15-m walk time, grip strength, Westergren
erychrocyte sedimentation rate (ESR), or
physician or patient global assessments] and
lasting for at least 2 months after the
treatment period (16). A complete re-
sponse, that is, disease remission (17) with
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discontinuation of nonsteroidal anti-in-
flammatory drug (NSAID), occurred in one
patient previously on methotrexate and
continued for 26 months. There were no
adverse effects. Based on the results of this

phase I study, a placebo-controlled, phase
11 trial was undertaken to determine wheth-
er clinical efficacy could be demonstrated.

For this phase II trial, 60 patients with
severe, active theumaroid arthritis and who
met eligibility criteria (18) gave informed
consent (I9) and were entered into the
study. They were withdrawn from immuno-
suppressive drugs if they had been taking
them (20) and randomized (21) to either a
treatment identical to that used in the
phase I trial (I5) or an indistinguishable
placebo (22) to be taken orally for a con-
secutive 90-day period. Both patients and
investigators, except those responsible for
medication (23), were masked as to treat-
ment. Assessments were performed by the
same investigator (D.E.T.) at the initiation
of treatment and at 1, 2, and 3 months,
generally at the same time of day (24).

At the conclusion of the study, 59 of the
60 patients were considered evaluable (25);
28 had received collagen and 31 placebo.
On entry, demographic, clinical, and labo-
ratory parameters were similar in both
groups (Table 1) (26). Relative to entry,
there was significant (P < 0.05) improve-

Table 1. Patient characteristics at entry. There
were no differences between groups (P > 0.10)
detected by either Fisher's exact test or the
Wilcoxon rank-sum test (age and disease du-
ration).

Treatment
Characteristic Collagen Placebo
(n = 28) (n=31)
Age (years £ SD) 503 =11.9 551 x128
Sex (% females) 71 68
Disease duration 98 6.2 103 =x8.1
(years = SD)
Rheumatoid 74 (27) 82 (28)
factor [%,
{(number
tested)]
HLA-DR 4 [%, 46 (28) 62 (29)
{(number
tested)]
Collagen It 3z 13
antibody (%
titer = 2)
Prednisone (%. 25 48
=10 mg/day)
Immunosuppres- 64 58
sive* with-

drawn (%6)

*Methotrexate, &-mercaptopurine, azathiopring, hy-
droxychloroquine, sulfasalazine, auranofin, eyclospo-
rin, cyclophosphamide, or penicillaming. Seven pa-
tients were receiving combinations of these drugs
(20). The remaining patients were not on immunosup-
pressive drugs al the time of entry because of prior
lack of response or loxicity to at least two of the drugs.
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1

ment in the number of swollen joints, the
number of tender or painful joints, joint-
swelling and -tenderness indices, and 15-m
walk time at months 1, 2, and 3 in the
collagen group as compared with placebo
patients, except for the number of tender or
painful joints at month 2 (P = 0.06) (Table
2). Among the collagen patients, the de-
cline in the number of swollen joints, ten-
der joints, and jeint-swelling and -tender-
ness indices were glj significant (P < 0.05).
Four of the collagen patients (14%), as
compared with none in the placebo group,
had complete resolution of disease (27).
Table 3 indicates the patients’ status by
other outcome measures (16, 21, 28). Sta-
bility or improvement while patients were
off Immunosuppressives occurred in the col-
lagen group, whereas patients in the place-

© group tended to deteriorate. In alterna-

Table 2. Disease variables in collagen-versus placebo-
Number of patients {colragen,’placebcj evaluated at

month = 27/29, 2 months = 26/28, and 3 months

were treated as described (25); values shown are differences from entry

except for patient and physician assessments

percentages. There were no significant difference
entry (P > 0,05 for all variables by the Wilcoxon ra
patient and physician assessments
vement or less wors-

trend test for

between groups showed significantly more impro

tive analyses that redyce the influence of
the four placebo patients who wicthdrew
from the tria] (25), a similar significant (P
= 0.05) improvement from collagen was
seen (29). A placebo effect resembling thar
encountered in other RA trials (30) was
also observed. Four patients (13%) in the
placebo group exhibired substantial benefit
(16) and atrained functional class | rank-
ing. This observation reaffirms the critical
importance of placebo-controljed evalua-
tions in rheumatoid arthritis, No side ef-
fects or significant changes in laboratory
values, including rheumatoid factor—and
antibodies to type 11 collagen, were noted.
€re was no evidence of sensitization to
collagen, as measyred by antibodies to type
IT collagen. Attempts to assess T cell re-
sponses to type II collagen, including re-
lease of transforming  growth factor-B

entry = 28/31, 1
= 28/31; withdrawals

which are given as
s between groups at
nk-sum test or the X2
) (76). Comparisons

treated patients, Differences between physician assessments in collagen and place

(TGF-B), were unsuccessful because ¢
difficulty in demonstrating reactivity g
II collagen in the peripheral blood 4
patients. None of the baseline fea
including the presence of collagen any
ies, HLA haplotype, or sex, were assoe
with responsiveness to collagen (31), :
This controlled tria] provides evid
that oral administration of small quanj
of solubilized native heterologous ¢y
collagen is both safe and can improye
clinical manifestations of active rheums
arthritis. Baseline values were determ;
while 64% of the collagen-treated pagi
Were on immunosuppressive drugs (ush
methotrexate or 6-mercaptopurine),-.‘;'r§:
further improvement occurred with ¢y
gen treatment. If longer term efficac
established, oral collagen would be ap

erable treatment because it is not tos
)
5

swol

ki

ESR (mm/hour) Collagen

Placebo

'P < 0.05, "P < 0.01.

ening in the collagen-treated patients (P < 0.05 and P < 0.01). joint Index, P = 0.0 ;
Mean vailue
Variable Group at entry
(+ SE) 1
Joints swollen (number) Collagen 11.8+ g, T x Q5%
Placebo 120+ 08 20 1.4
Jaints tender to pressure or Collagen 158+ 13 =41 = 1+
painful on passive motion Placebo 156+ 0.8 112 1.4
(number)
Joint-swelling index Collagen 133 = 14 =34 = g
Placeba 13.2= 09 24+ 18
Joint-tenderness or pain index Collagen 175+ 1.3 =5.0% qon
Placebo 172+ 1.0 16 18
15-m walk time (s) Coilagen 132+ 06 0.0+ 3=
Placebo 148+ 09 19+ o8
Grip strength (mmHg)
Right Collagen 105 * g 01 80
Placeho 87 =+ 8 -7.3= B2
Left Collagen 106 =10 06+ 58
Placebo 895 =+ 8 -89+ 53
Morning stiffness . Collagen 155 =51 84.8 = 106
duration (min) Placebo 210 =+s55 130 = 78
Patient assessment (%
Absent or mild Collagen 21 41
Moderate Collagen 54 33
Severe or Very severe Collagen 25 26
Absent or milg Placeto 16 21
Moderate Placeba 35 31
© Severe or VEry severe Placebo 48 48
Physician assessment (%)
Absent or mild Callagen 18 41
Moderate Collagen 48 33
Severe or very savere Collagen 36 26
Absent or milg Placebo 5] 21
Moderate Placebao 42 3
Severe or very severg Placeba 52 48
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Jgpserved in our study, in animals (611,
@ 14y, in multiple sclerosis patients given
myelm for as long as 3 years (12), or in
'us patients treated with retinal S-anri-
1 (32)- All patients in the phase II trial
open-label trial had collagen discontin-
after 3 months. Four patients in the
; _' t study who improved while on collagen

=sation of therapy followed by benefit
reinitiation of collagen. In animals,

- for 2 to 3 months after termination of
igenn feeding (6). Recrudescence of dis-
after discontinuation of oral toleragen
i has also occurred in multiple sclerosis (12)
,4&1 uveitis (32) patients. It therefore ap-
f%rs that additional administration is re-
ed to maintain the clinical effects of
% tolerance.
£0n the basis of studies of oral tolerance
ammals, two immunologic mechanisms
uld explain the clinical response to col-
jen observed in this study. Feeding type II
llagenn in RA cases may both anergize
@4* type II collagen autoreactive cells
generate major histocompatibility com-
g}:x (MHC) class I- or class II-restricted

latory cells that sequester within joint

le 3. Quicame measures in collagen- ver-
placebo-treated patients. Values are per-
ntages of 28 collagen and 31 placebo pa-

%’\KS

: Entry Three months
Colla- Pla- Colla- Pla-
gen cebo gen cebo

7 35

141 39

0 0 18 13

57 58 39 19

43 42 39 58

0 0 4 10

esenls an increase of 30% or mare from the
y value for the joint-swelling index and the joint-
Cefmess or pain index (16). Comparison between
ips showed significantly more deterioration in the
trealed patients (P < 0.01 by the Fisher's
% lest). itNarcolic without anti- m(lammatory
rfies, usually acetaminaphen with codeine, prop-
ene, or pentazocine, prescribed at any lime by
dinlcal investigalor in an attempt to retain flaring
s in the trial. Comparison bstween groups
significantly greater numbers of placebo-
Bd patients requiring narcotics (P < 0.04 by the
ar's exact test), iDetermined by American
atism Association crileria for functional class
<5): |, no limitation from arthritis; 11, mildly restricleg;
Markedly resiricled; and IV, incapacity causing
3| bad urwﬂeelchanexlstence Trend for improve-
In the collagen graup not significant (F = 0.10 by

X2 trend test),
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tissues and release cytokines that inactivate
autoaggressive cells. In animals, feeding
large doses of antigen favors T cell anergy,
whereas multiple small doses favors the
induction of regulatory T cells (33). In the
EAE model, feeding - low doses of MBP
activates MBP-specific regulatory cells in
gut lymphoid tissue (10). These cells are
predominantly CD8" and suppress EAE by
traficking to the central nervous system
and releasing anti-inflammatory cyrokines,
such as TGF-B and interleukin-4, when
they encounter MBP presented by MHC
molecules in inflamed brain tissue. This
process, termed antigen-driven bystander
suppression (10), implies that an orally
administered protein can down-regulate or-
gan-specific autoimmune disease as long as
it is a constituent of the targer tissue and is
capable of inducing regulatory T cells. It is
not obligatory for the protein to have the
disease-inciting epitopes. Examples of by-
stander suppression include inhibition of
proteolipid protein (PLP)—induced EAE by
orally administered MBP (34), delay of
diabetes in the non-obese diabetic mouse by
oral insulin (11), and abrogation of adju-
vant arthritis by oral collagen (14). In all
three models, autoimmunity to the tolera-
gen does not appear to initiate disease.
Accordingly, our data do not determine
whether type Il collagen is the primary
autoantigen in rheumatoid arthritis.

Although initial clinical efficacy of oral
collagen has been shown, questions con-
cerning optimum dosing and long-term
contro] of disease remain. Nonetheless, this
study demonstrates the therapeutic efficacy
of oral tolerance for a human autoimmune
disease and provides the foundation for the
development of oral collagen as an easily
administered nontoxic treatment for rheu-
matoid arthritis.
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Native type Il collagen, isclated from sternal car-
tilage ot chicks rendered lathyritic by administra-
tion of B-aminoproprionitrile (2), was used to treat
the first five subjects in the phase | pilol study,
Subsequent patients in the pilot trial and in the
double-blind study received type Il collagen pu-
rified from nonlathyritic chicken sternal cartilage
by the Identical technigue (2) and obtained from
Genzyme (Boston, MA). Preparations were ana-
tyzed for purity by standard biochemical methods
(2, 35) and tested for arthritogenicity and loxlcrty

~in rats (2) with findings of batch-to-batch equiva-

lency. Collagen was stored in a lyophilized state
(2) at —20°C with desiccant. The protein was
solubilized in 0.1 M acetic acid for —12 hours at
4°C, sterilized by membrane filtration, and ali-
quoted into individual 1.0-ml doses in sterile

* lubes. Tubes sufficient for ~2 weeks of treatment
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were deliverad on ice to patients and maintained
under refrigeration until use. For oral administra-
tion, the 1.0-ml aliquot was added lo 4 to 6 ounces
(118 to 177 ml) of cold orange juice and the
mixture drunk immediately. Orange juice provid-
ed an additional acid vehicle to inhibit precipita-
tion of collagen and masked the taste of acetic
acid. All dosing occurred in the morning on an
empty stomach at least 20 min before breakfast or
ingestion of other fluids. Smoking was not permit-
ted during this interval.
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The following requirements determined eligibility:
(i) American Rheumatism Association (ARA) cri-
teria for classic or definile rheumatoid arthritis
(18); (i) onset of the disease at age 16 or older,
(i) age at least 18 years; (iv) ARA functional class
Il or 1l (28); (v) signs or symptoms of synovitis
unresponsive to at least one immunosuppressive
(Table 1); and (vi) severe active disease defined
by at least three of the following: =nine painful or
lender joints, =six swollen joints, =45 min of
moming stifiness, or =28 mmvhour ESR. Exclu-
slon criteria included a degree of structural joint
damage not amenable to physical rehabilitation if
inflammation subsided after treatmant or a serious
concurrent medical problem. Some patients (n =
39) represented referrals for treatment of refrac-
tory disease by rheumatologists outside Boston;
others (n = 10) had received experimental thera-
py for rheumatoid arhritis in the past,

. The study was approved by the Beth Israel Hos-

pital Committee on Clinical Investigations and
conducted under an investigator-initiated Investi- -
gational New Drug (IND) permnit from the LS.
Food and Drug Administration.

Because of the possibility that patients would
receive ineffective therapy or a placebo, study
medication was begun immediately after the pa-
lienl discontinued immunosuppressive drugs {Ta-
ble 1); patients receiving parenteral gold were nat
entered because prolonged carryover effects
could influence the outcome. Patients remained
on their NSAID, prednisone dose (=10 mg/day),
or both, during the 3-month treatment period.
NSAID substitution, increases in NSAID or pred-
nisone dose, or initiation of any other antirnsu-
matic therapy with the exception of anaigesic
agents and intraarticular steroids represented
protocol violations. If applicable, patients were
requesled lo praclice contraception.
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severity.
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poorly and the 10-mg dose was consistent with
aligibility requirements, the patlent was included in
the analyses; the patient had been randomized o
collagen. No sterald injections or other problems
with compliance occurred,

Comparisans between collagen-' and placebo-
treated patlents were performed  with the
Wilcoxon rank-sum test for continuous measures
(such as the number of swollen Joints), the Fish-
er's exact lest for dichotomous measuras (such
as narcotic usage), and the ¥2 trand test for
functional class and patient and physician as-
sassments. All measured end points such as the
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Tyrosine Phosphorylation of DNA Binding Protei
by Multiple Cytokines

Andrew C. Larner, Michael David, Gerald M. Feldman, .
Ken-ichi Igarashi, Rebecca H. Hackett, Deborah S. A. Webb,
Sharon M. Sweitzer, Emanuel F, Petricoin 1ll, David S. Finbloo
Interferon-a: (IFN-)) and IFN—y regulate gene expression by tyrosine phosphorylati

several franscription factors that have the 91-kilodalton (p91) protein of interferon-stim
lated gene factor-3 (ISGF-3) as a common component. Interferon-activated protein co

plexes bind enhancers present in the

high-affinity Fcy receptor gene (FcyRI). Treatment of human peripheral blood mon

or basophils with interleukin-3

stimulating factor (GM-CSF) activated DNA

complexes activated by IL-3 or GM-CSF co
ccurred only with IFN-y and IL-10, ez
nhibited IFN-y induction of FcyRI RNA. Th

80 kilodaltons. Induction of FeyRI RNA o
pretreatment of cells with GM-CSF or IL-3 |

several cytokines other than interferons can

tyrosine phosphorylation.

ntained a tyrosine-phosphorylated proteing

wharéﬂs

activate putative transcription factors

Nuclear or whole-cell extracts prepared
from human monocytes incubated with ei-
ther IFN-y or IFN-a contain a protein or
proteins (FecRFy) that specifically recognize
the GRR in the promoter of the high-
affinity immunoglobulin G Fe receptor gene
(I-3). Within the FcRFy complex is a
91-kD tyrosine- phosphorylated protein that
is a component of the [SGF-3 transcriprion
complex, which causes IFN-cc—stimuIatgd
expression of early response genes (2—4).
Because the peripheral blood monocyte is a
critical target cell for IFN-o, IFN-v, and
other cytokines, expetiments were done to
determine whether any cyrokines other
than the interferons might induce the for-
mation of FcRFy. Whole-cell extracts were
prepared from monocyres incubated with
various cytokines for 1S min at 37°C and
analyzed by electrophoreric mobilicy—shift
assays (EMSAs) with a 32P-[abeled oligonu-
cleotide corresponding to the GRR (Fig.
1A) (5). Untreated cells showed no forma-

Division of Cytakine Biology, Cemter far Biologics
Evaluation and Research, Bethesda, MD 20892, ~

tion of FeRFy, whereas extracts prep

from monocytes treated with IL-3 or G}ﬁ
CSF contained GRR binding complexes

that migrated with a mobility different than
that of the FcRFy (Fig. 1A) complex.ot
served after [FN-y activation. In con 1S
IL-10 activated the formation of a 61
binding complex wich a mobility mmﬂa%ﬂ
that of FeRFy. Other cytokines that have
effects on monocyres—IL-1, IL-2, ILif
tumor necrosis factor (TNF), mono y
colony-stimulating factor (M-CSF), and:
popolysaccharide—showed no formation,
GRR binding complexes.

activated by GM-CSF treatment of mong
cytes was inhibited by addition of exce
unlabeled GRR (Fig. 1B), but not by add
tion of an unlabeled oligonucleotide
sponding to the IFN-vy activarion sequel
(GAS) within the promoter of the guan
ate-binding protein gene (Fig. IB) (6)
complexes induced by treatment of

cytes with [L-3 and [L-10 showed
binding specificities (7). When the
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Use of Undenatured Type II Collagen
in the Treatment of Rheumatoid Arthritis

David E. Trentham, Mp, Andrew D. Halpner, D, Roselyn A. Trentham, Ms, Manashi
Bagchi, php, Shil Kothari, ms, Harry G. Preuss, Mp, Debasis Bagchi, PhD

ABSTRACT: Rheumatoid arthritis is a debilitating chronic disease that lacks an effective treatment. It is the leading cause of disability in the
United States. Rheumatoid arthritis is an inflammatory response believed to involve T cells reacting to an antigen within the joints and artic-
ular cartilage. Over-the-counter pain relievers and anti-inflammatory medications, such as aspirin, acetaminophen, and ibuprofen, are com-
monly used for preventive measures, but these products only treat the symptoms, not the cause, and may also produce serious side effects.
A growing body of evidence indicates that type II collagen is a major structural protein responsible for tensile strength and toughness in the
cartilege and also a potential autoantigen in people who have rheumatoid arthritis. If the activity of T cells that release joint-destroying fac-
tors could be reduced, outcomes for patients with rheumatoid arthritis could be improved. One method of achieving this is termed oral rol-
erance, & concept that is proving useful in the treatment of autoimmune diseases. Oral tolerance describes & state of immune hyporespon-
siveness following the oral ingestion of a protein. It is, therefore, a method by which a peripheral immune tolerance (down regulation) to a
particular antigen may be induced by presenting specific amounts of that antigen to the gastrointestinal system. Several clinical studies have
demonstrated the effectiveness and usefulness of undenatured collagen II in attenuating the symptoms of rheumatoid arthritis with no seri-
ous adverse effects. Thus its administration may demonstrate therapeutic efficacy by inducing oral tolerance for the treatment of this disease.

Introduction

Arthritis is one of the most prevalent chronic 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 1
cause of disability affecting those over the age of 15, In
fact, more than half of those affected by arthritis are
under the age of 65, and almost 300,000 of those affect-
ed are children.' Each year arthritis is responsible for 44
million outpatient visits and almost 1 million hospital-
izations, and it is second only to heart disease in terms of
its effect on days lost from work.? 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-
related expenses. Unfortunately, the incidence of arthri-
tis does not appear to be decreasing, and by the year 2020
the Centers for Disease Control (CDC) predicts that
almost 60 million Americans will suffer from some form
of this disease.

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

All correspondence concerning this article should be addressed to: Debasis
Bagchi, php, Creighton University School of Pharmacy Sciences and Allied
Health Professions, 2500 California Plaza, Omshe, NE 68178 (e-mail:
debsis @creighton.edu).

arthritis, osteoarthritis (OA) and rheumatoid arthritis
(RA) are the most common:

Osteoarthritis. OA currently affects 20 million
Americans. It is a degenerative joint disease in which the
cartilage covering the ends of bones deteriorates, result-
ing in pain, stiffness, and loss of movement.** This form
of arthritis generally begins after the age of 40 and devel-
ops slowly over many years.’ People usually report pain
beginning in joints on only one side of the body, in con-
trast to RA. While inflammation may be present, joint
pain in OA is typically not accompanied by the amount
or severity of inflammation observed in those with RA.
Weight-bearing joints such as the knee and hip tend to be
more affected than non-weight-bearing joints such as the
elbow or shoulder. The general feeling of sickness that
can accompany other forms of arthritis does not usually
zccompany OA.

Rheumatoid Arthritis. RA is not a “new” disease,
One of the first descriptions of a disease resembling RA
can be found in the Charaka Samhita, a medical text
from India that dates back as far as 500 BC. Another
ancient reference to the 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.
Rheumatoid arthritis currently affects approximately 2
miillion Americans and about 1% of the world's popula-
tion. However, the pathology and progression of RA is
somewhat different from that of OA.% 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 bilaterally, 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.®
Morning joint stiffness lasting for an hour or longer is
relatively common. Subcutaneous nodules that form over
bones may also be present. Interestingly, 3 times as many
women as men are afflicted with rheumatoid arthritis.
Some patients will experience a monocyclic course of the
disease that may abate within 2 years, while others will
experience a polycyclic, or progressive, course. Of all the
forms of arthritis, RA tends to be one of the most serious
and disabling; 16% of those who have had the disease for
12 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
mystery. What is known is that many different and com-
plex factors are involved. While 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
metabolic disorder.®® RA, however, does not result from
_ overuse of a joint or from injury, but rather from an

autoimmune problem in which the body attacks 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.’ Various immunological factors are involved,
including but not limited to CD4-inducer lymphocytes,
CD4 memory cells, macrophages, neutrophils, and tumor
necrosis factor.'? One of the most likely candidates for
this autoantigenic stimulus is the collagen component of
cartilage, specifically type II collagen. Some researchers
believe 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 flexibility and
motion and provides a cushion against the impact of var-
ious forces on the bone.” The detailed structure of carti-
lage is complex but can be simplified into 2 major com-
ponents: collagen and proteoglycans. Proteoglycans are
large protein molecules attached to large carbohydrate
chains called glycosaminoglycans." 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-1
chains) that form a triple helix.™'* This interconnected
network of collagen and proteoglycans is crucial in main-
taining joint flexibility and resistance to stress and frac-
ture. In RA, autoantigenic responses, most likely trig-
gered by type II collagen, ultimately result in the pro-
gressive inflammation, pain, and destruction characteris-
tic of this disease.’

Regardless of the initial cause, a progressive degen-
eration of the structure and function of the joint takes
place, making normal activities of life increasingly diffi-
cult. In the case of RA, the body is unable to recognize
its collagen as normal and in turn attacks it as if it were
a foreign invader.""” A novel approach to treatment,
termed oral tolerance, in which small amounts of type II
collagen are presented to the gastrointestinal tract, has
been the focus of significant positive scientific research.”
What is achieved is a down regulation of the body’s abil-
ity to destroy its own collagen, 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.”

Current Treatment Options

The treatment options for those with rheumatoid
arthritis are typically nonsteroidal anti-inflammatory
drugs (NSAIDs), alone or in combination with what are
known as disease-modifying antirheumatic drugs
(DMARD:s). As is well known, chronic use of NSAIDs,
especially in the elderly, is linked to numerous side
effects, including gastrointestinal bleeding and renal mal-
function.® Even the newer generation of COX-II
inhibitors such as rofecoxib (a furanone derivative),
celecoxib (a 1,5-diaryl substituted pyrazole),” and inflix-
imab (a monoclonal antibody) are not without their own
problems.”* 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, asthma, 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.®
Prolonged use of these newer COX-II inhibitors in the
elderly can result in side effects similar to those seen with
traditional NSAIDs. DMARDs attempt 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 inhibit the forma-
tion of new capillaries as well as address the underlying
inflammation. This category of drugs includes azathio-
prine, corticosteroids, gold, hydroxychloroguine,
methotrexate, sulfasalazine, and a number of newer med-
ications such as leflunomide and etanercept. While these
medications have been shown to offer clinical improve-
ment to those with rheumatoid arthritis, they can also be
associated with significant toxicity and side effects,
including myelosuppression, lymphoproliferative disor-
ders, macular damage, thrompocytopenia, osteoporosis,
hyperglycemia, and hepatotoxicity. Another factor that
should be taken into account is cost: the monthly cost for
etanercept and infliximab, both of which must be inject-
ed, can be more than $1000. Also, according to a recent
report by 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-
1y and involves a lengthy recovery time.”
Methylsulfonylmethane, chondroitin, and glu-
cosamine, widely used for treatment of OA,* are known
to help rebuild proteoglycans and reduce inflammation
but are unable to help in the process of inactivating
“killer” T cells to ameliorate rheumatoid arthritis.

Oral Tolerance

When the immune system is functioning properly, it
recognizes and identifies foreign substances in order to
help eliminate them from the body.** 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
increase or decrease the immune response. These have
been further classified into Th-1 and Th-2 subsets, Th-1
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 destroy healthy tissue due
in part to the fact that T cells 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 activity 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 traditional medical literature is filled
with papers describing this mechanism and how it might
benefit those with autoimmune diseases."

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 attacking its joints.**

Oral tolerance can be induced by 2 major mecha-
nisms, bystander suppression and clonal anergy, depend-
ing on the dose of antigen that is presented. Throughout
the small intestine, there are patches of gut-associated
lymphoid tissue (GALT). Within the GALT can be found
tissue that consists of nodules (Peyer’s patches) that con-
tain organized assemblages of T and B lymphocytes,
macrophages, and dendritic cells 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 deterred by sys-
temic hyporesponsiveness. Nonetheless, the generation
of immune responses within the GALT is the primary
mechanism by which orally ingested proteins can sup-
press systemic immunity.

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 collagen) is consumed, regulatory Th2 and
Th3 cells migrate from the GALT through the lymphatic
system and then into peripheral circulation. When they
encounter an antigen similar to that which was ingested,
they secrete cytokines, including transforming growth
factor-beta, interleukin-4, and interleukin-10, that result
in the down regulation of activated helper Th1 cells. It is
these activated helper T cells that are, in part, involved in
producing the inflammation and destruction of collagen
in RA. If this activity 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 GALT."

Clonal Anergy
Another mechanism by which an orally administered

protein can induce a down regulation of an immune
response is via a mechanism called clonal anergy." This



situation results from the ingeétion of high doses of an
antigen, which in turn induces a state of unresponsiveness
from overactive Thl cells. These cells are not deleted but
are rendered incapable of responding to a specific antigen.
In essence, they are turned off, or “anergized,” and will no
longer recognize the antigen as a target for destruction.™

Clinical Studies

Via the mechanism of oral tolerance, type II 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 cartilage.
Numerous animal models of arthritis have demonstrated
significant benefit from orally administered, native
(undenatured) type II collagen. Its administration has
been able to suppress almost all experimentally inducible
forms of RA in animals, including antigen-induced
arthritis, adjuvant arthritis, type II collagen-induced
arthritis, streptococcal cell-wall arthritis, and silicone-
induced arthritis, These impressive results led to the
investigation of native type II collagen supplementation
in humans with RA. In 1993, an open-label pilot trial and
a phase II trial in humans were conducted at Harvard
Medical School.? In the pilot trial, 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 II collagen for the next 2 months. Six
of the 10 subjects experienced a significant improvement
(defined as >50% compared with baseline) in swollen
and tender joint counts, as well as morning stiffness, 50-
foot walk time, grip strength time, and erythrocyte sedi-
mentation rate. One subject who had previously been
treated with methotrexate experienced complete remis-
sion, which continued for 26 months. No adverse effects
were noted.® Because of these observed improvements, 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 1 month, then 0.5 mg for 2 months. At 1, 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-
lagen group, compared with no patients in the placebo
group, experienced complete remission of the disease.
One of the most notable findings was the lack of side
effects as a result of the treatment, 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,* 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 type
II collagen for 3 months. Eight of the 10 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 treatment with
native type II collagen may be a safe and effective form
of treatment for juvenile RA.*

A fourth study” of pative type II collagen 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, 39% of those taking type II colla-
gen versus 19% taking placebo experienced significant
improvement. While 19% may appear to be a large
response in the placebo group, it is not unusual to
observe this type of response in studies of arthritis. The
impressive finding was the high degree of improvement
in the group treated with undenatured, 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 better response
to treatment than those lacking such antibodies.

In a fifth double-blind, placebo-controlled study per-
formed in Germany, 90 subjects with early RA were
divided into groups receiving daily doses of 1 mg colla-
gen, 10 mg collagen, or placebo.®® At the end of the
study, 3 patients in the 10 mg group, 1 patient in the 1 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," daily doses of 1 mg or 10 mg of
undenatured type II collagen resulted in reduced type II
collagen antibody titres in patients showing a clinical
response. This study also suggested that 10 mg was a
more effective dose than 1 mg.' These studies provide
the basis and rationale for the use of native type II colla-
gen as a safe and effective modality of treatment for
those suffering from RA. :

The Importance of a Native (Undenatured)
Form of Collagen

To confer oral tolerance, type II collagen must be
used in its undenatured, 3-dimensional, triple-helical
structure.'%” Unfortunately, most products on the market
containing type II collagen do not contain the undena-
tured form. In these products it has undergone harsh
chemical or high-temperature manufacturing procedures
which denature 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 type II collagen in RA, and one
study has shown denatured type II collagen to have no
impact on the severity of the disease.” In order to insure
that undenatured type II collagen is present, highly sen-
sitive ELISA assays must be performed to confirm that
the collagen is biologically active.

Source of Undenatured Type II Collagen

It is well understood that type II collagen can be
obtained from all types of animals, including 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 II 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 (typically 10 mg or less) derived from
chicken cartilage work with the human immune system
to promote healthy joints and improve mobility and flex-
ibility, as well as attenuating the symptoms of RA. The
ideal situation is to ingest undenatured collagen II on an
empty stomach when 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, drugs that work rapidly for
OA do not, in general, provide sufficient reduction of
inflammation or pain relief 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
relates 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 characterized by an
inflammatory synovial response that leads to joint wear
and tear.”® 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 with OA inflammation, such as vari-
ous cytokines (interleukin-4 and interleukin-10), tumor
necrosis factor-alpha, and interferons are also associated
with RA inflammation."™*' Therefore, therapies used to
treat RA inflammation are also used to treat severe OA
inflammation. Earlier research demonstrates that type II
collagen suppresses T-cell-mediated inflammation, which
is characterized by cytokines interleukin-4 and inter-
leukin-10 and is seen in the synoviums of both OA and
RA patients. Another benefit of type II collagen is that it
contains small amounts of glucosamine and chondroitin,
which are good for joint mobility and flexibility. In light
of these facts, it may be postulated that undenatured type
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-inflammatory drugs,
and monoclonal antibody and COX-II inhibitors have
major adverse side effects, including liver disease, gas-
tritis, 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 type II collagen in significantly reducing the
painful symptoms of RA with no adverse side effects.
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Chondroitin in Arthritic Dogs

ABSTRACT This investigation was undertaken to evaluate the therapeutic
efficacy and safety of glycosylated undenatured type II collagen (UC-1) alone
or in combination with glucosamine HCI and chondroitin sulfate in arthritic
dogs. Twenty dogs divided into four groups (o = 5) were daily treated orally
for 120 days: group I, placebo; group 1I, 10 mg UCHI; group 111, 2,000 mg
glucosamine + 1,600 mg chondroitin; group IV, UC-II (10 mg) + glucosamine
(2,000 mg) + chondraitin (1,600 mg), followed by a 30-day withdrawal pertod.
On a manthly basis, dogs were examined for overall pain, pain upon limb
manipulation, and exercise-associated lameness. Serum samples were analyzed
for markers of liver function (ALT and bilirubin) and renal function (BUN
and creatinine). Body weight was also measured at a monthly interval. Dogs in
group [ exhibited no change in arthritic conditions. Dogs receiving UG- alone
showed significant reductions in overall pain within 30 days (33%) and pain
upon limb manipulation and exercise-associated lameness after 60 days (66%
and 44%, respectively) of treatment. Maximum reductions in pain were noted
after 120 days of treatment (overall pain reduction, 62%; pain reduction upon
limb manipulation, 91%; and reduction in exercise-associated lameness, 78%).
The overall activity of the dogs in the UC-I supplemented with glucosamine
and chondroitin group (group IV) was significantly better than the glucosamine
-+ chondroitin-supplemented group {group III). Glucosamine and chondroitin
alleviated some pain, but in cambination with UCHI (group IV) pravided sig-
nificant reductions in overall pain (57%), pain upen fimb manipulation (53%),
and exercise-associated lameness (53%). Following withdrawal of supplements,
all dogs (groups 1 to IV) experienced a relapse of pain, None of the dogs in
any groups showed any adverse effects or change in liver or lddney function
markers or body weight. Data of this placebo-cantrolled study demonstrate
that daily treatment of arthritic dogs with UC-II alone or in combination with
glucosamine and chondroitin markedly alleviates arthritic-associated pain, and
these supplements are well tolerated as no side effects were noted.

KEYWORDS  UC-Ii; Glucasamine: Chondraitin; Dog Arthritis; Pain Measurement




INTRODUCTION

Arthnitis is a chronie disease that commonly affects
large-breed dogs due to overweight/obesity, lack of exer-
cise, physical injury, infection of joint surfaces, immune
disorder, aging, or genetic predisposition. In particular,
overweight and obesity in dogs can indirectly influence
the degenerative joint disease process by increasing
joint stress (Richardson et al. 1997), Dogs suffer most
often with osteoarthritis than with rheumatoid arthritis
(Hielm-Bjorkman et al. 2003). Arthritis is one of the
most prevalent chronic kealth problems in the United
States, affecting nearly 43 million people (Helmick
et al. 1995). Although arthritis is often thought of as
a disease that predominantly affects the elderly, it is the
number one cause of disability affecting thase over the
age of 15. In fact, more than half of those affected by
arthritis are under the age of 65, and almost 300,000
of those affected are children (Centers for Control
and Prevention [CDC] 1994; Helmick et al. 1995;
Trentham et al. 2001). Each year, arthritis is responsible
for 44 million outpatient visits and almost 1 million
hospitalizations, and is second only to heart disease
in terms of its effect on disability from work (CDC
1994). As might be imagined from these statistics, the
toll that arthritis takes on the health care industry is
substantial, costing the United States approximately
65 billion dollars each year in health-related expenses.
Unfortunately, the prevalence of arthritis does not
appear to be decreasing, and by the year 2020 the CDC
predicts that almost 60 million Americans will suffer
from some form of arthritis,

Osteoarthritis is an inflammatory joint disease char-
acterized by degeneration of the cartilage, hypertrophy
of bone at the margins, and changes in the synovial
membrane, and that eventually results in pain and
stiffness of joints (Goldring 2000; Peat et al. 2001;
Bellamy et al, 2001). Rheumatoid arthritis is a chronic
disease characterized by inflammation, pain, swelling,
and stiffness of multiple joints (Trentham et al. 1993;
Olada 2000; Aceves-Avila et al. 2001). In either form
of arthritis, dogs usually limp and are unable to move
normally. Dog owners and veterinarians rarely notice
the early warning signs of arthritis in dogs, since the
dogs have the tendency to ignore sareness and discom-
fort until the asthritic signs are progressed significantly.
Together, osteoarthritis and obesity cause a decreased
quality of life for pets since joint pain is strongly
assaciated with body weight (Richardson er al. 1997).
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The present therapy of arthritis in dogs relies upon
drugs that alleviate pain, control inflammation, and
preserve ability to ‘perform daily activity. Chronic use
of cyclooxygenase (COX) inhibitors (noasteroidal anti-
inflammatory drugs [NSAIDs)) is linked to numerous
side effects, including gastrointestinal (GI) bleeding
and hepatic and renal dysfunction (Physician’s Desk
Reference [PDR] 1998; Muhlfeld and Floege 2005),
Anti-inflammatory drugs, such as aspirin and ibupro-
fen, are nonspecific inhibitors of COX enzymes (both
COX-fand COX-II), and they inhibit the production of
infammatory prostaglandins, thereby providing thera-
peutic effect, but they also inhibit the production of
constitutive prostaglandins, causing severe side effects,
such as severe GI bleeding (Matteson 2000). In the
recent past, two commonly used drugs approved by
the Food and Drug Administration (FDA) in arthritic
dogs included Rimadyl (carprofen) and Demmaxx
{deracoxib). Both Rimady! and Deramaxx are NSAIDs.
Rimadyl is not recommended for animals with known
bleeding disorders and should not be used if  dog has
pre-existing liver disease, inflammatory bowl disease,
or a known tendency toward GI ulceration, Labrador
Retrievers and other breeds are represented in the
population that has experienced side effects or a fatal
outcome from Rimadyl, Deramaxx (deracoxib), a COX-
IT inhibitor similar to Celebrex (celecoxib) and Vioxx
(rofecoxib), prescribed as pain relievers for people, was
withdrawn from the market in 2004, because of heart
attack and stroke risk. According to a recent clinical
study from the Mayo Clinic, other rheumatoid arthritic
drugs such as Humira (adalimumab) or Remicade
(infliximab) may cause serious infections or lead to the
development of several kinds of cancer (Bongartz et al.
2006). Therefore, under the present circumstances, a
safe therapy is needed for arthritic dogs.

In recent years, due to widespread availability of
nutraceuticals, glucosamine and chondroitin sulfate
were the two most commonly used supplements to
ease the pain and discomfort of arthritis in dogs.
Nutraceuticals are defined as functional foods, narural
products, or parts of food that provide medicinal,
therapeutic, or health benefits, including the pre-
vention or treatment of disease. Glucosamine is an
amino-monosacchanide precursor of the disaccharide
unit of glycosaminoplycan, which is the building block
of proteoglycans, the ground substance of articular
cartilage (Paroli et al. 1991). Chondroitin sulfate is a
part of a large protein molecule (proteoglycan) that
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gives cartilage elasticity. Glucosamine is extracted from
crab, lobster, or shrimp shells, and chondroitin is
extracted from animal cartilage, such as tracheas and
shark cartifage. In a recent pilot study, we found for
the first time that daily administration of glycosylated
undenatured type Il collagen (40 mg of UC-I1 providing
10 mg/day) for 50 days significantly ameliorated the
signs and symptoms of arthritis in dogs (DeParle
et al. 2005). UC-II is a glycoprotein from chicken
sternum cartilage. The presence of glycosylated “active”
epitopes in the UC-II collagen matrix was confirmed by
a validated ELISA method available from Chrondex,
LLC (Arthrogen-CIA Capture “ELISA” test). Further-
more, electron microscopic analysis of UCI was
conducted to demonstrate the conformational integrity
of the undenatured triple helical structure of a protein
{Bagchi et al. 2002). Based on this study and other
research (Bagchi et al, 2002), the present investigation
was carried out to cvaluate the therapeutic efficacy and
safety of the antiarthritic compound UC-I1 (10 mg/day)
alone orin a combination with the two most commonly
used nutraceutical supplements (glucosamine HCI and
chondroitin sulfate) in arthritic dogs given daily for 120
days, followed by a 30-day withdrawal. Glucosamine
and chondroitin sulfate have become popular supple-
ments for arthritis and are widely used to ease the pain
and discomfort in arthritic dogs. Another objective of
this investigation was to determine if the UC-I in
combination with glucosamine and chondroitin was
well tolerated by arthritic dogs.

MATERIALS AND METHODS
Animals

A group of 20 adult client-owned dogs was selected
for this study based on the signs of arthritis, such
as joint stiffness, lameness, and pain at the level of
moderate severity. These dogs had swollen joints, and
were experiencing difficulty in getting up or down
(from a sitting and standing position) and walking
(horizontal areas and short stairways). Arthritic dogs
having any other serious disease or complications
(such as hepatic or renal disease) were nat included
in the study. The owner consent was abtained before
initiztion of any experiments. The protocol of the
present investipation for using arthritic dogs and their
treatment was in compliance with the Murray State
University Guidelines,
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Supplements

UG-l is a standardized, undenatured (narive) type I
collagen complex containing 10 mg undenatured type
Il collagen in capsule form for use as a dietary supple-
ment and was pravided by InterHealth Nutraceuticals
Inc., Benicia, CA, USA. UC-II is manufactured in a
GMP facility at a [ow temperature, which preserves its
undenatured form and biological activity. Glucosamine
HCI and chondroitin sulfate were also provided as
capsules by InterHealth Nutraceuticals,

Experimental

Twenty arthritic dogs were randomly divided into
four groups (n=5) and reccived daily treatment as
follows: group T (placeba), group 11 (10 mg UC-II),
group III (2,000 mg glucosamine HCl + 1,600 mg
chondroitin sulfate), and group IV (10 mg UC-I +
2,000 mg glucosamine HCl + 1,600 mg chondroitin
sulfate). The treatment was given daily for 120 days,
followed by a 30-day withdrawal period. None of the
dogs received any NSAIDs for 3 to 4 weeks before
the study or during the study period. The study was
conducted double-blinded; that is, the investigators or
owners had no knowledge of the capsule contents.

Pain and Body Weight Measurements

The dogs were evaluated for overall pain, pain upon
limb manipulation, and exercise-associated {ameness
on a monthly basis for a period of 150 days, Overall
pain was measured as a general gross ohservation,
which included trouble in standing after sitring, or
trouble in sitting after standing, vocalization, crying,
etc. Results were graded on a scale of 0 to 10: 0, no
pain; 5, moderate pain; and 10, severe and constant
pain. Pain upon limb manipulation was evaluated by
animals’ vocalization or other observations of pain
during the extension and flexion of all four limbs for
few minutes. Results were graded on a scale of 0 to
4: 0, no pain; [, mild; 2, moderate; 3, severe; and
4, severe and constant, Lameness was measured after
physical exercise for gross observations, which included
limping, holding limb up, rigidity of limbs, etc. Signs
of pain and lameness were noted on a scale of 0 to 4:
0, no pain; 1, mild; 2, moderate; 3, severe; 4, severe
and canstant. Severity of pain during various activities,
such as standing from sitting, sitting from standing,
playing, and vocalization, and during extension and
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flexion of limbs was the basis for gradation. Body
weights and physical evaluation were determined on a
monthly basis, Gross observations were evaluated and
recorded monthly using a questionnaire regarding the
overall activity and the improvement of the arthritic
symptoms. Furthermore, overall performance of in-
dividual groups was assessed, which include running,
participation in jogging activities, movement up and
down stairs, comfort ability in moving from sitting to
standing position(s), cheerful attitude toward playing
and jumping, etc.

Biochemical Assays

Blood samples were collected by jugular venipunc-
ture using 22-gauge needles and 12-mL syringes. Serum
was separated in a marble-top tube (serum separat-
ing tubes without anticoagulant) and transferred into
plastic snap-top tubes. Serum samples were frozen
immediately and kept at -80°C until analyzed for
blood urea nitrogen (BUN), creatinine, bilirubin, and
alanine aminotransferase (ALT), using Beckman Coul-
ter CX5-PRO Synchron Clinical System (Fullerton,
CA). Bilirubin and ALT were used as markers of liver
function and BUN and creatinine were used as markers
of renal and heart function,

Statistical Analysis

The data of serum chemistry in Table 2 and of
pain observation in Figures 1 to 3 are presented as
mean + SEM. Statistical significance of differences was
determined by analysis of variance (ANOVA) coupled
with Tukey-Kramer test using the NCSS 2000 Statistical
System for Windows. Differences with p <0.05 were
considered statistically significant.

RESULTS

Data of pain evaluation in arthritic dogs receiv-
ing placeba and those receiving UC-I alone or in
combination with glucosamine and chondroitin are
shown in Figures I to 3. Dogs receiving placebo
(group I) exhibited no significant change in arthritic
conditions at any time during the course of treatment.
Dogs receiving UC-II (10 mg/day) alone (group II)
showed significant reduction in overall pain within
30 days (33%) and pain upon limb manipulation and
exercise-associated lameness after 60 days (66% and
44%, respectively) of treatment. Maximum reductions
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in the pain were noted after 120 days treatment (overall
pain, 62%; pain upon limb manipulation, 91%; and
exercise-associated lameness, 78%). Glucosamine plus
chondroitin (group III) alleviated some pain but not
significantly (p >0.05). Group IV dogs receiving a com-
bination of UC-II and glucosamine plus chondroitin
showed marked reductions in overall pain (57%), pain
upon limb manipulation {53%), and exercise-assaciated
lameness (53%) after a daily trearment of 120 days,
Following the withdrawal of supplements in either
of the groups (group II to IV) for 30 days, all dogs
experienced a relapse of overall pain, pain upon limb
manipulation, and exercise-related lameness. In addi-
tion, UC-II-treated dogs were more playful, energetic,
and less painful compared to other groups used in this
study.

None of the dogs receiving dietary supplements
showed any signs of adverse effects. There were no sig-
nificant changes in any markers of liver function (ALT
and bilirubin) or renal or heart function (BUN and
creatinine) during the course of this investigation. Body
weight remained within the normal range throughout
the course of this study. An increase in body weight
was observed in the placebo group, demonstrating that
activity level in that group was less than the other
supplemented group (Table 1).

DISCUSSION

This investigation was pursued with two specific
objectives: (a) whether the combination of UCHI
and glucosamine plus chondroitin provides better
antiarthritic effects than glucosamine plus chondroitin
or UC-I alone, and (b) whether these supplements are
well tolerated by arthritic dogs, following a long term
of their use. The present findings revealed that UCI
therapy (10 mg/day) alone or in combination with
glucosamine plus chondroitin for 120 days provided
significant improvement in the overall pain, pain upon
limb manipulation, and pain after physical exertion.
The greatest physical improvements were noted in
UC II supplemented group after a treatment period
of 120 days, suggesting that prolonged treatment with
the supplement may lead to better therapeutic results.
After a 30-day withdrawal period, all dogs who had
received treatment suffered from a relapse of signs and
symptoms associated with arthritic conditions, such as
pain and lameness. All supplements were well tolerated
and no adverse effects were observed.
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FIGURE 1 Effects of UC-I (10 mg) andfor glucosamine HCI (2,000 mg) plus chendroltin sulfate (1,600 mg) given dally for 120 days,
followed by a 30-day withdrawal period, on overall paln in arthritic dogs. Overall pain was graded on a scale of 0 to 10: 0, no pain; 5,
moderate pain; and 10, severe and constant paln. * indlcates signlficant difference fram pretreated values (p < 0.05).
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FIGURE 2 Effacis of UCHI {10 mp) and/ar glucosamine HCI (2,000 ma) plus chondroltin sulfate (1,600 mg) glven dally for 120 days,
followed by a 30-day withdrawal period, on paln upen limb manipulation In arthritle dogs. Pain upon imb manlipulation was evaluated by
animal's vocalization ar other observations of pain dusing the extenslon and flexion of all four limbs for fow min. Resulls wera graded on
a scale of 0 to 4: 0, no pain; 1, mild; 2, moderate; 3, severo; and 4, severe and constant, * Indicates significant difference from pretreated
valuas (p < 0.05).
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TABLE 1 Effects of UC-1I (10 mg) and/or glucosamine HC
followed by n 30-day withdrawal period, on body weight (pa

1{2,000 mg) plus chondraitin sulfate (1,600 mg) given daily for 120 days,
unds) of dags

Glucosamine «

Glucosamine + Chondroitin

Day Placebo uc-n Chondroitin -+ UC-II

0 69.76 + 11.49 (100) 62.25 + 6.29(100) 73.20 + 7.47 (100) 59.28 4 9.66 (100)
30 68.88 + 10.95 {99) 62.35 & 6.38 (100) 72.80 = 7.88 (100) 58.83 = 8.90 (99)
60 69.84 -+ 10.B6 (100) 62.33 + 6,55 ({10D) 73,12 +£7.31 (100) 57.53 £ 10.04 (96)
90 76.80 + 10.20 (110} 62.32 = 6.97 (100} 72,96 + 7.39 (100) 58.70 = 9.18 (99)
120 79.58 £ 12.65 (114) 62.83 £ 6.71 (101) 76.16 & B.04 (104) 59,53 + 8.74 (100)

Values are means + SEM (n = 4-5).

Note: Body weight values remained significamly indifferent throughout the study penod compared to pretreated values (o > D.05)

In a recent double-blind pilot study, UC-II (1 mg
or 10 mg/day, PO for 90 days) was found to be
significantly effective in ameliorating arthritic pain in
dogs (DeParle et al. 2005). A 10-mg dose of UC-I
provided markedly greater effects in all parameters
measured for the arthritic symptoms than 1 mg dose
in improving the overall performance and well-being
of the dog, The findings of the present study revealed
that the arthritic dogs receiving UC-IL (10 mg/day)
in combination with glucosamine and chondroitin

. (group IV) overall performed better than glucosamine
(2,000 mg) plus chondroitin (1,600 mg) {group I11). The

most commonly used two nutraceuticals (glucosamine
and chondroitin) provided some beneficial antiarthritic
effects, but not significantly (p > 0.05), which suggested
that the observed therapeutic effects were mainly due
to the supplementation of UC-IL The findings also
revealed that though the beneficial effects of UC-]
were observed within 30 days, maximum cffects were
seen after 120 days. UC-II functions through a process
called oral tolerization (i.e., this process takes place in
the small intestine, where food is absorbed). Through
a complex serics of immunological events, patches of
lymphoid tissue (Peyer’s patches) surrounding the small

TABLE 2 Effects of UC-I {10 mg) and/or glucosamine HCI (2,000 mg) plus chandroltin sulfate (1,600 mg) glven dally for 120 days,
follawed by a 30-day withdrawal period, on markers of liver and renat functions In serum of dogs

DAY
0 30 60 30 120 150
ALT
Group | 26.00 - 3.33 2220 + 1.98 22.00 £ 1.97 23.754-2.20 22,50 + 1.66 23.50 £ 1.55
Group Il 29,00 & 2.57 29,00 £ 2.41 30.20 =k 4.08 2B8.80 :£ 3.99 25.20 - 2.78 25.00 4+ 2.19
Group Il 21.75 £ 6.97 22,20 +3.97 21.00 + 4.05 19.60 £ 2.75 21.60 = 2.80 27.20 4 5.60
Group IV 22.80 = 3,89 21.50 =+ 2.20 23.78 £ 4.82 20.00 = 4,99 18.25 + 3.29 23.00 + 4.82
BILIRUBIN
Group | 0.52 £ 0.12 0.60:+ 0.16 0.68 4 0.08 0.43+0.18 0.56 = 0.09 0.52 £ 0,13
Group I 046 £ 0.11 0.52 + 0.17 0.50 £ 0.08 0.60 +0.13 0.70 £ 0.17 0.42 £0.13
Group it 0,46 +0.12 0.62 + 0.21 0.40 £ 0.07 0.62 +£0.14 0.42 +0.07 050+ 0.15
Group IV .56 £ 0.14 0.48 + 0.06 0.48 & 0,03 0.75 + 0.19 0.50 £0.11 0.49 £ 0.06
BUN
Group | 16.80 + 1.24 18.00 + 2,07 13.20 4+ 1.65 21.50 + 1.66 19.00 - 3.49 17.50 + 1,32
Group |l 17.B0 £ 2.65 18.80 + 2.85 18.40 + 0.51 18.40 £ 4.72 18.80 £ 1.96 14.40 + 1.43
Group [l 15.20 = 1.83 16.80 + 2.10 19.20 £ 2.40 19.60 4 3.91 15.60 £ 2.04 17.00 + 1.87
Group IV 19.40 + 2.58 24.00 £ 2.81 15.75 4+ 1.70 21.254 2,29 18,50 + 3.52 16,00 + 2.64
CREATININE
Group | 0.94 + 0.06 0.92 + 0.05 0.90 £ 0.03 0.88 + 0,05 0.87 £ 0.05 0.92 & 0.05
Group i 1.06 £ 0.07 0.96 + 0.08 0.98 + 0.04 0.90 + 0.08 0.94 + 0.10 0.96 % 0.07
Group 1l 0.92 + 0.07 0.96 £ 0.05 1.00 £ 0.05 0.94 £ 0.10 0.92 £ 0.07 0.50 = 0.04
Group IV 0.86 & 0,02 1124025 0.80 4 0,067 0.95 + 0.07 0.90 + 0.07 0.87 + 0.06

Values are mesns £5EM (n = 5).

Note: Values of markers of liver function (ALT and bilirubin) and renal function (BUN and creatinine) remained significantly indifferent throughoul the

study period compared to pretreated values {p >0,05)

M. D'Altilio et al.
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Pain After Physical Exertion

CPlacebo [[IGlucasamine + Chrondroitin

ERuc-
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A

[Glucosamine + Chrondroitin + UC-I

DAY

FIGURE 3 Effocts of UC-I (10 ma) and/or glucosamine HCI (2,000 mg) plus chondroltin sulfato {1,600 mg) given daily for 120 days,
fallowed by a 30-day withdrawal period, on pain after physlcal exercise in arthritic doga. Lamenesa was measured after physical exercise
for limping, helding limb up, rigidity af limbs, etc. Signs ef pain and lameness were graded on the scale of 0 to 4; 0, no pain; 1, mild; 2,
moderate; 3, savere; and 4, severs and constant. * Indicates significant difference from pretreated values {p < 0.05).

intestine screen incoming compounds and serve as a
“switch” to turn the body's immune response to foreign
substances on or off, depending on what the substance
is (Mowat 1987). In the case of type Il collagen, small
amaunts of UC-I {typically 10 mg or less/day, PO)
have been shown to tumn off the immune response
targeted at type II collagen present in bone joint
cartilage without any side effects (Weiner et al. 1954;
Sieper et al. 1996; Gimsa et al. 1997). This process helps
the bedy to differentiate between elements that are
foreign invaders to the bady and those that are nutrients
(Weiner 1997; Trentham 1998), Previous studies have
demonstrated that UC-II improves joint mobility and
flexibility by the mechanism of preventing the immune
system from attacking and damaging its own joint
cartilage (Mowat 1987; Sieper et al. 1996; Gimsa
et al. 1997; Trentham 1998; Trentham et al. 1993,
2001).

Unlike UCHI, glucosamine and chondroitin are
expected to cause decrease of pain sensation, pro-
vide an improved resistance to additional joint tissue
breakdown, and rejuvenate some joint tissues. Studies
suggest that plucosamine helps to relieve pain by
enhancing proteoglycan synthesis, which is impaired
in osteoarthritic cartilage (Hougee et al. 2006). Chon-
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droitin sulfate aids in keeping cartilage tissue from
dehydrating and assists in cushioning impact stress and
reduce joint pain. Easlier studies demonstrated that
combining chondroitin sulfate with glucosamine may
improve arthritic symptoms and may have some bencfi-
cial effects. However, these supplements are not known
to reverse structural changes in a joint such as torn
cartilage, calcium deposits, and advanced scar tissue.
In spite of these beneficial effects of glucosamine and
chondroitin described elsewhere, in the present study
we did not find significant antiarthritic effects in dogs
using the above combination. A recent multicenter with
1,583 patients with symptomatic osteoarthritis in the
knee received 1,500 mg of glucosamine and 1,200 mg
of chondroitin sulfate daily. They reported that the
combination or supplements alone did not reduce pain
effectively in the overall treatment groups (Clegg et al.
2006).

Another benefit of the present study resulted in
healthy weight maintenance in supplemented groups,
compared to control. Bady weight was maintained in
all supplemented groups, while there was an increase in
body weight in the placebo group. This demonstrated
that the dogs were more active and arthritic symptoms
were remarkably reduced in the supplemented group.

Arthritis Treatment in Dogs




Weight control has been shown to indirectly influence
the degenerative joint disease process by reducing the
stress on the joint (Eaton 2004). A small amount of
weight loss reduces the risk of developing arthritis in
dogs and human,

In conclusion, the present study suggests that daily
treatment of arthritic dogs with UC-II alone or in
combination with glucgsamine plus chondroitin ame-
liorates signs and symptoms of arthritis significantly
greater than glucosamine and chondroitin. The results
of this study also demonstrate that the supplements
are well tolerated. The relapse seen in dogs 30 days
posttreatment showed that continuous treatment is
required.
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PAIN REDUCTION MEASURED BY GROUND FORCE PLATE IN ARTHRITIC DOGS
TREATED WITH TYPE-I1 COLLAGEN.

R.C. Gupta®, M. Barnes?, J. Minniear?, J. Lindley*, J.T.Goad®, T.D. Canerdy? M.Bagchi?, and D.
Bagchi®. 'Toxicology, Murray State University, Hopkinsville/Murray, KY:; %InterHealth
Research Center, Benicia, CA.

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 Il collagen (UC-11) in moderately arthritic dogs that received daily placebo or
40 mg type Il 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-11, 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.

The undenatured type 11 collagen (UC-11%) used in this study was supplied by InterHealth Nutraceuticals, Benicia, CA.
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Therapeutic efficacy of undenatured type-II collagen (UC-II) in comparison
to glucosamine and chondroitin in arthritic horses’

Gupta, R. C., Canerdy, T. D., Skaggs, P., Stocker, A., Zyrkowski, G., Burke, R.,

R. C. GUPTA* )
Wegford, K., Goad, J. T., Rohde, K., Barnett, D., DeWees, W., Bagchi, M.,
T. D. CANERDY* Bagchi, D. Therapeutic efficacy of undenatured type-II collagen (UC-II) in
P. SKAGGS* comparison to glucosamine and chondroitin in arthritic horses. J. vet. Phar-
A. STOCKER* macol. Therap. 32, 577-584.
G. ZYRKOWSKI* The present investigation evaluated arthritic pain in horses receiving daily
R. BURKE* placebo, undenatured type II collagen (UC-II) at 320, 480, or 640 mg
K. WEGFORD* (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
J. T. GOAD thereafter once daily) for 150 days. Horses were evaluated for overall pain, pain
K. ROHDE* upon limb manipulation, physical examination, and liver and kidney functions.
D. BARNETT* Evaluation of overall pain was based upon a consistent observation of all
W. DEWEES* 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
D. BAGCHI' then placed to the ground and the animal trotted off. The response to the flexion
. L test was then noted with the first couple of strides the animal took. Flexion test
Murray State University, . . . L L. .
Murray, Hopkinsville, KY: *InterHealth was consistent with determining clinically the degree of osteoarthritis in a joint.
Research Center. Benicia, CA, USA 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-IT 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.

M. BAGCHI" &
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Ramesh C. Gupta, DVM, MVSc, PhD, DABT, FACT, FATS, Professor and Head,
Toxicology Department, Murray State University, Breathitt Veterinary Center, PO.
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INTRODUCTION running and exercise, injury, immune disorder, aging, or genetic

predisposition (Ruggeiro, 2002). The two most common types of
Arthritis is a chronic debilitating disease that commonly inflicts arthritis are osteoarthritis and rheumatoid arthritis. In horses,
millions of horses around the world, because of excessive 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; Mubhlfeld
& 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.

© 2009 Blackwell Publishing Ltd



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
UCHII, 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-IT (higher doses), or glucosamine in combination with
chondroitin daily for 150 days. Group-I horses received placebo.
Horses in Group-II, -III, and -1V 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
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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, O, 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
ANovAa 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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Table 1. Effect of UC-II or Glucosamine plus Chondroitin on body weight (Ibs) of horses

Day Group-I placebo Group-IT 320 mg UC-IT Group-IIT 480 mg UC-IT 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

Days
Parameters Group 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
I 0.98 £ 0.13 1.05 £ 0.13 1.05 + 0.09 1.15 £ 0.19 1.63 £ 0.27 1.17 £ 0.14
v 0.93 £ 0.14 0.77 £ 0.12 1.05 £ 0.12 1.04 £ 0.12 1.30 £ 0.16 0.93 £ 0.10
\Y 1.87 £ 0.35 1.84 £ 0.43 1.76 £ 0.27 1.87 £0.37 2.07 £ 0.36 2.22 + 048
GGT (IU/L) I 12.4 £ 2.01 114 +1.21 11.2 + 1.68 11.2 £ 1.39 11.8 £ 1.59 134 £ 1.21
II 17.5 £ 9.51 154 £ 542 14.8 + 4.82 15.3 £ 8.46 151 £11.32 14.5 £ 7.90
il 14.2 £ 1.99 16.2 £ 1.90 13.0 £ 1.51 11.5 £ 1.06 12.7 £ 1.28 12.8 £ 1.35
v 14.8 £ 0.79 16.0 £ 0.52 13.1 £0.17 13.0 £ 0.58 14.5 £ 0.99 16.6 £ 1.50
\% 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 £ 14.65 954 +10.17
1T 794 £ 1791 58.1 £ 22.97 81.3 £ 15.53 87.8 +£19.38 84.3 + 22.66 84.5 + 30.80
il 84.3 £ 8.50 73.2 £ 5.77 76.7 £ 5.71 74.7 £ 9.43 85.7 £ 12.46 88.3 £ 9.96
v 81.5 £ 3.33 68.5 + 2.84 75.5 £ 3.23 72.8 £3.97 77.8 £ 3.66 97.5 + 4.61
\% 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
1T 17.7 £ 1.19 17.9 £ 1.12 17.3 £ 1.08 153 £ 1.19 151 £ 1.62 14.8 £ 2.00
il 17.3 £ 1.50 17.1 £ 0.83 16.0 + 0.86 15.8 £ 0.70 16.3 £ 1.23 18.8 £ 1.14
v 18.7 £ 0.88 14.2 £ 0.87 17.3 £0.91 19.0 £ 1.13 18.5 £ 0.43 18.8 £ 1.49
\% 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
il 1.42 + 0.06 1.43 £ 0.06 1.58 £ 0.12 1.33 £ 0.07 1.45 £ 0.04 1.48 £ 0.16
v 1.52 £ 0.06 1.48 £ 0.06 1.48 £ 0.05 1.30 £ 0.05 1.33 £0.02 1.30 £ 0.08
\% 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).

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-IT (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-IT (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.

© 2009 Blackwell Publishing Ltd



B2 Placebo
E=320 mg UC-II
B2 640 mg UC-II
A 480 mg UC-Il
EE8 Gluc. + Chon.

Horse arthritis treatment

Overall pain

581

Pain level

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).
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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 O and post-
treatment (P < 0.05). **Significant difference
between the values of UC-II-treated and
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glucosamine plus chondroitin-treated horses
(P < 0.05).

DISCUSSION

The present investigation evaluated therapeutic efficacy, toler-
ability, and safety of glycosylated undenatured type II collagen
(UC-IT) 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).

© 2009 Blackwell Publishing Ltd

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),
UCHII 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
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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
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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.

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 = 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 pg CM), and group V (1800 mg HCA-SX + 100 png
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.

"Presented at the 45th Annual Meeting of the Society of Toxicology, San
Diego, CA, 6-9 March 2006.
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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;
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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 = 5) receiving daily
treatment as follows: group I (placebo), group II (10 mg active
UC-II), group IIT (1800 mg HCA-SX), group IV (1800 mg HCA-
SX + 100 pg CM); and group V (1800 mg HCA-SX + 100 pg
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

OVERALL PAIN
[IPlacebo  E5 Hoa-sx + oM
[Muc-n B HCA + CM + ucIl
EZ Hoa-sx

Pain level

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-IT (10 mg/day) alone or in combination with
Glucosamine HCI (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

Fig. 1. Effects of active UC-II alone (10 mg/dog/day) or
in combination with HCA-SX (1800 mg/dog/day) +
CM (100 pg/dog/day) on overall pain in arthritic dogs
(n = 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

920 120

values (P < 0.05). Active UC-II, glycosylated undena-
tured type-II collagen; HCA-SX, (—)-hydroxycitric acid;
and CM, ChromeMate.

150
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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).

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).

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.

Pain level

Pain level

3.5 -
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PAIN FROM LIMB MANIPULATION

[Piacebo  EHcA-sx + oM
[Muc-n BRI HCA + CM + uC-Il
EZ]Hea-sx

PAIN AFTER PHYSICAL EXERTION

[ IPlacebo  E= HCA-SX + OM
[ uc-n HCA + CM + UC-II
HCA-SX
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Abstract

Previous research has shown that undenatured type Il collagen is effective in the treatment of arthritis. The present
study evaluated the broad-spectrum safety of UC-Il 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
bacterial reverse mutation assay and mouse lymphoma tests, as well as a dose-dependent 90-day sub-chronic
toxicity study were conducted. Safety studies indicated that acute oral LD, of UC-Il 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, of UC-ll was determined to be greater than 2000 mg/kg. Primary skin irritation tests conducted
on New Zealand Albino rabbits classified UC-Il as slightly irritating. Primary eye irritation tests conducted on rab-
bits indicated that UC-Il was moderately irritating to the eye. UC-Il did not induce mutagenicity in the bacterial
reverse mutation test in five Salmonella typhimurium strains either with or without metabolic activation. Similarly,
UC-Il did not induce a mutagenic effect in the gene mutation test in mouse lymphoma cells either with or without
metabolic activation. A dose-dependent 90-day sub-chronic toxicity study revealed no pathologically significant
changes in selected organ weights individually or as percentages of body or brain weights. No significant changes
were observed in hematology and clinical chemistry. Therefore, the results from the current study show a broad-
spectrum safety profile of UC-II.

Keywords: Undenatured type Il collagen; 90-day toxicity study; acute oral toxicity; acute dermal toxicity; primary

dermal toxicity; primary eye irritation; body and selected organ weights; hematology and clinical chemistry;

histopathology

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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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 640mg)
or a combination of 5400 mg of glucosamine plus 1800 mg
of chondroitin for 150 days. Horses receiving 320, 480, or
640mg of UC-II exhibited significant reduction in arthritic
pain. UC-II at a dose of 480 or 640 mg provided equal effects,
and,therefore, 480mg 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 (12h light/12h dark). The animals were acclimated to



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 3-4h 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, 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 200-215g) 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 (12h
light/12h 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

Table 1. Acute oral toxicity dosing sequence and observations.
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#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 2x 3-inch 4-ply gauze pad and placed on a dose area of
~2x3inches (~ 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,
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 (12h light/12h dark). Animals were acclimated to

Body weight (g) Cage-side observations Necropsy observations
Dosing sequence Dose level (mg/kg) Initial Day 7 Day 14 (days 0-14) (all tissues)
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 x 1-inch 4-ply gauze pad and applied to one
6-cm? 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 4h 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
72h 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 (12h

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

light/12h 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 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
(0.06g) 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 72h, 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 pg/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.



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 pg/ml; Experiment II
with metabolic activation, 300, 500, 700, 1100, 1400, 1800,
and 2000 pg/ml; and Experiment II without activation, 4.4,
17.6,39.6,70.4, 110, 264, 330, and 440 pg/ml. The selection of
concentrations was based on data from the pre-experiment.
In experiment I, 2000 pg/ml (with and without metabolic
activation) was selected as the highest concentration. In
experiment II, 2000 ug/ml (with metabolic activation) and
440 ng/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 x 107 cells in a 25cm? flask, and
incubated at 37°C in 5% CO,/95% humidified air. After 4h
incubation, the test compound was removed by centrifuga-
tion (200 x g, 10min) and the cells were washed twice with
phosphate buffered saline (PBS). The cells were suspended
in 30ml complete culture medium and incubated for an
expression and growth period of 72h. For the long-term
exposure experiment, 1 x 107 cells were suspended in 50ml
cell culture medium in a 175-cm? 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
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a body weight range within + 20% of the mean were selected
for test. The animals weighed in the range of 195-219g 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 ~ 2h, 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 10.0mL/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 + 2h, 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 2h 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



6 Palma Ann Marone et al.

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-1I
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.

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
12" week of exposure for males and females. Approximately
500 ul 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 pl 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 pl 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



were placed in metabolism cages. These animals were fasted
after 3 pm (at least 15h) 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
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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, 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, 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
48h. 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

Table 4. Summary of acute dermal toxicity findings.

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 pug/ml) evaluated. The highest concentration
evaluated without metabolic activation was 2000 pug/ml with
an RTG of 83.73%. In experiment II with metabolic activa-
tion, the RTG was 90.38% for the highest concentration
(2000 pg/ml) evaluated. The highest concentration evalu-
ated without metabolic activation was 440 pg/ml with an
RTG 0f10.11%.

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
IT colony sizing showed no clastogenic effects induced by
UC-IL Therefore, under the experimental conditions of this
study, no evidence of mutagenic activity was detected for
UC-IIin the L5178Y mouse lymphoma cell line, and UC-1I 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 5. Summary of primary skin irritation scores (average for three
animals).

Time after patch removal

30-60 min 24h 48 h 72h
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.

Body weight (g) Cage-side observations Necropsy observations
Sex Initial Day 7 Day 14 (days 0-14) (all tissues)
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 6. Individual scores for ocular irrigation.
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I. Cornea II. Iris III. Conjunctivas
A.Opacity B.Area (AxB)x5 A.Values Ax5 A.Redness B.Chemosis C.Discharge (A+B+C)x2 Total
Rabbit Hours 1 1 3 15 1 5 3 2 30 16 36
3401 Male 24 14 1 1 5 3 2 2 14 24
48 0° 4 0 0 2 1 1
72 0 4 0 0 1 0 0
Days 4 0 4 0 0 0 0 0
Rabbit Hours 1 1 3 15 1 5 3 2 30 16 36
3402 24 1 1 5 1 5 2 2 2 12 22
Female 48 0° 4 0 0 0 2 1 8 8
72 0 4 0 0 1 0 0 2
Days 4 0 4 0 0 0 0 0
Rabbit Hours 1 1 4 20 1 5 3 2 30 16 41
3402 24 14 2 10 1 5 2 2 2 12 27
Female 48 0° 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

“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
1h 37.7
24h 24.3
48h 8.0
72h 2.0
4 days 0.0

Maximum Mean Total Score (MMTS) was observed at 1h post-instilla-
tion. See Materials and methods section for details.

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)
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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 400mg/kg/day were comparable with
control values. Food consumption was decreased for male rats
at 1000mg/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

Table 8. Summary of average weekly body weight.

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

Group (male) Group (female)

Days 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 2359+15.1 237.1£15.8
71 386.3+25.1 386.5+28.1 385.5+17.6 371.0£27.97 250.5+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+19.57 377.7+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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Group (male) Group (female)
Organ 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/ — — — — 0.78+0.19 0.65+0.24 0.75+0.50 0.67+0.21

Fallopian tubes

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.

Group (male)

Group (female)

Organ 1 2 3 4 1 2 3 4
Adrenals 0.030+0.0117 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+0.1207 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/ — — 0.42+0.10 0.36+0.13 0.42+0.29 0.36+0.10
Fallopian tubes

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.

Group (male) Group (female)
Organ 1 2 3 1 2 3 4
Adrenals 0.178+0.0297 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 7.861+0.49 7.94+0.56 7.9910.41 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/ — — — — 3.30£0.90 2.89+1.21 3.32+£2.29 2.95+0.86
Fallopian tubes

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.

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.
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Table 12. Summary of motor activity assessment.

Group (male) Group (female)

Interval 1 2 3 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.

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 1000mg/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
1000mg/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,
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Table 13. Mean clinical biochemistry values.

Group (male) Group (female)
Parameter (Units) 1 2 3 4 1 2 3 4
Aspartate 91+27 103+15% 96+15 97+19 85+7 97+11 98+17* 85+9
Aminotransferase
(AST, U/L)
Alanine 44+7 49+5 44+5 5010 36+4 41+6 41+6 373
Aminotransferase
(ALT, U/L)
Sorbitol 9.2+25 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
Dehydrogenase
(SDH, U/L)
Alkaline Phosphatase ~ 126+32 137+22 139+34 13527 103+30 10327 104£23 88+18
(ALKP, U/L)
Total Bilirubin (BILI, 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
mg/dL)
Blood Urea Nitrogen 21+3 21+3 20+1 21+5 20+2 21+3 22+4 23+2
(BUN, mg/dL)
Creatinine 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
(CREA, mg/dL)
Cholesterol 79+10 82+10 80%9 80+8 90+18 84+10 84113 85118
(CHOL, mg/dL)
Triglycerides 49+9 45+8 45+12 38+8 28+5 31+£6 28+6 27+7
(TRIG, mg/dL)
Glucose 159+24 160+ 36 155+23 160+30 119+15 120+12 125+14 116+15
(GLUC, mg/dL)
Total protein 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
(TP, g/dL)
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 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
(CALC, mg/dL)
Inorganic Phosphorus  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
(IPHS, mg/dL)
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 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
(K, mmol/L)
Chloride 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

(CL, mmol/L)

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, of UC-II was concluded to be
> 5000mg/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, 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
24h. 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-IL.
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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