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a b s t r a c t

We have been investigating the effect of various amino sugars, uronic acid, and collagen peptides on
wound healing of experimental cartilaginous tissue damage using a rabbit model, and also testing such
supplements in various of diseases in dogs and cats. In the present study, we focused on the clinical effects
of orally administered d-glucosamine hydrochloride and collagen peptides on joint diseases (48 cases)
including spondylitis deformans (SD, 23 cases) in dogs and cats. The collagen peptide used in the study
eywords:
-Glucosamine HCl
ollagen peptide
rthopedic diseases
pondylitis deformans
og

was extracted from fish scale (SCP, MW: 800). These materials were administered at 1 g each/animal/day,
mixed in dog food or cat food. Lameness was evaluated using a lameness scale of 0 to 10 (0 = normal,
10 = unable to rise). Lameness scores at the first examination were distributed from 1 to 10, however,
scores fell to less than 3 by final follow-up. The simultaneous administration of d-glucosamine and SCP
was very effective in various kinds of joint degeneration and SD in dogs and cats. d-Glucosamine and SCP
are thought to increase proteoglycan and collagen synthesis as well as exhibit anti-inflammatory effects

scula
at and trigger recovery of va

. Introduction

In recent years, various combinations of non-steroidal anti-
nflammatory drugs (NSAIDs), steroids, surgical treatment, intra-
rticular injection of hyarulonic acid, and oral administration of
lucosamine or collagen have been selected as supportive treat-
ents for patients with degenerative joint disease (DJD) (Leffler,

hilippi, Leffler, Mosure, & Kim, 1999). Although glucosamine and
ollagen have a slower analgesic effect than anti-inflammatory
rugs such as NSAIDs, they have low toxicity (Setnikar, Cereda,
acini, & Revel, 1991) and are suitable for long-term administra-
ion (Qiu, Gao, Giacovelli, Rovati, & Setnikar, 1998). Clinical trials of

ong-term administration of glucosamine show diminished clinical
ymptoms of DJD (Barclay, Tsourounis, & McCart, 1998). Further, we
ave reported that glucosamine accelerated the healing of experi-
ental cartilage damage (Tamai et al., 2002).

∗ Corresponding author. Tel.: +81 857 31 5433; fax: +81 857 31 5433.
E-mail address: minami@muses.tottori-u.ac.jp (S. Minami).

144-8617/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2010.06.021
r circulation in the damaged area.
© 2010 Elsevier Ltd. All rights reserved.

Aging results in a progressive lack of replenishment of pro-
teoglycan and collagen, with an accompanying increase in the
incidence of DJD (McDevitt & Muir, 1976). Proteoglycan is con-
structed from a core protein with numerous side chains of
glycosaminoglycan, a polysaccharide consisting of repeated dimers
of amino sugars and uronic acid (Hardingham & Fosang, 1992). In
joint cartilage, the extracellular matrix consists of type II collagen,
which is composed of chondroitin sulfate and keratan sulfate. Colla-
gen has 3 bundle chains that intertwine as in the DNA helical chain
structure, and its main constituting amino acids are glycine (30%)
and proline (22%).

Since ancient times, we have been eating collagen as the gelatin
obtained when meat is cooked. So, by experience we recognize
that collagen is non-toxic and also that it has mild pain-relieving
effects for DJD in stifle and/or hip joints (Deal & Moskowitz, 1999).

Gelatin hydrolysate is absorbed from the intestine and accumu-
lates in cartilage (Oesser, Adam, Babel, & Seifert, 1999). We have
previously reported the synergistic effects of oral administration
of collagen peptide and glucosamine on cartilaginous regeneration
after experimental damage (Hashida et al., 2003).

dx.doi.org/10.1016/j.carbpol.2010.06.021
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:minami@muses.tottori-u.ac.jp
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Table 1
Clinical cases.

Orthopedic diseases No. Spinal disease No.

Hip dysplasia 17 Spondylitis deformans 23 (1)
Patella luxation 8
Osteochondritis

dissecans
4

Anterior cruciate
ligament rupture

4

Legg–Calve–Perthes
disease

4

Elbow dysplasia 4
Polyarthritis 3
Tibial dysplasia 1
Lateral collateral

ligament rupture
1 (1)
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Fig. 1. Change of the lameness scoring between the first examination and the final
examination.

T
L

Achilles tendon injury 1 (1)
Sub total 48 (2) 23 (1)

Total 71 (3)

The objective of the present study was to investigate the clinical
ffects of orally administering collagen and glucosamine to dogs
nd cats with various orthopedic diseases and spondylitis defor-
ans.

. Methods

In this prospective study, seventy-one animals (68 dogs and 3
ats) with lameness caused by orthopedic diseases and spondylitis
eformans (SD) (Table 1) received simultaneous oral administra-
ion of d-glucosamine and collagen peptide. None of the animals
nderwent surgery and none took other anti-inflammatory med-

cations. Cases with patella luxation of more than grade 3 or
ith complete rupture of the anterior cruciate ligament were not

ncluded.
Collagen peptide and d-glucosamine were provided by Kanda

iko Co. Ltd (Tottori, Japan) and Koyo Chemical Co. Ltd (Tokyo,
apan), respectively. The manufacturing process of each material
s explained briefly as follows.

Collagen. This was extracted from fish scales, and was degraded
y proteinase to peptides (S-collagen, Kanda Giko, Tottori). The
ean molecular weight of the prepared collagen peptides was 800.

he major amino acids of S-collagen are glycine (33.6%), alanine
12.6%), proline (11.0%), and hydroxyproline (8.3%) respectively.
he solution of S-collagen had a pH of 4.5.
d-Glucosamine: chitin obtained from crabs was transformed

nto a monomer through hydrochloric acid, and the resultant d-
lucosamine hydrochloride (Koyo Chemical Co., Ltd, Tokyo) was
sed. Purification of d-glucosamine was 100% and pH was 3.8.
d-Glucosamine and S-collagen were each administered at

g/animal/day, mixed with dog food or cat food. Animals were
bserved for 1 month to 3 years. Lameness grades were evaluated
t first examination, 1 month, 2 months, 3 months, and at final
ollow-up using a scoring system (Table 2).
. Results and discussion

No side effects were observed from the oral administration of
-glucosamine and S-collagen. The results of lameness scoring are

able 2
ameness score board.

Score Symptom Score S

0 Normal 4 L
1 Something strange in gait 5 1
2 No lameness, but gait is clearly strange 6 1
3 Sometime lame 7 1
Fig. 2. The lameness scoring change in hip dysplasia. Values are significant differ-
ence among them (p < 0.01, n = 17).

shown in Fig. 1. Thirty animals had scores greater than 5 points at
the first examination; however, scores had fallen in all cases to less
than 3 points at the final examination.

A statistical analysis was performed for each orthopedic disease
with more than 3 cases using Friedman test among the first exami-
nation, 1 month, 2 months, and 3 months. Significant recovery was
observed in hip dysplasia (n = 17, p < 0.01, Fig. 2) and polyarthritis
(n = 3, p < 0.01, Fig. 3). Significant recovery was also observed for
osteochondritis dissecans (OCD) (n = 4, p < 0.05, Fig. 3), partial rup-
ture of the anterior cruciate ligament (ACL) (n = 4, p < 0.05, Fig. 4)
and grade 1 and grade 2 patellar luxations (n = 8, p < 0.05, Fig. 5); but
not for elbow dysplasia (n = 4, Fig. 6) or Legg–Calve–Perthes disease
(n = 4, Fig. 7). The results of high-scoring cases (more than 5 points
at the first examination) are shown in Fig. 8. These cases composed
10 of hip dysplasia, 4 of partial anterior cruciate ligament rupture,
one of OCD, one of tibial dysplasia, and one of lateral collateral liga-
ment rupture (cat); significant recovery of lameness was observed

(p < 0.01, Fig. 8). The results of the SD cases are shown in Fig. 9;
these cases also showed significant recovery of lameness (p < 0.01,
Fig. 9).

ymptom Score Symptom

ame after running 8 Some steps are possible
0 m running is possible 9 Self-standing is possible
0 m running is impossible 10 Unable to rise
0 m walking is possible
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Fig. 3. The lameness scoring change in polyarthritis. Values are significant difference
among them (p < 0.01, n = 3).

Fig. 4. The lameness scoring change in partial rupture of the anterior cruciate liga-
ment. Values are significant difference among them (p < 0.05, n = 4).

Fig. 5. The lameness scoring change in grade 1 and grade 2 patellar luxations. Values
are significant difference among them (p < 0.05, n = 8)

Fig. 6. The lameness scoring change in elbow dysplasia. Values are not significant
difference among them (n = 4).

Fig. 7. The lameness scoring change in Legg-Calve-Perthes disease. Values are not
significant difference among them (n = 4).

Fig. 8. The lameness scoring change in the high score cases (over 5 points). Values
are significant difference among them (p < 0.01, n = 17).
Fig. 9. The lameness scoring change in the spondylitis deformans. Values are sig-
nificant difference among them (p < 0.01, n = 23).

Canine hip dysplasia (CHD) is the most common orthopedic dis-
ease in large and giant breeds of dog, and conventional treatments
are triple pelvic osteotomy (Slocum & Slocum, 1992) if there is no
degenerative joint abnormality, total hip displacement for hip joint
degeneration (Remedios & Fries, 1995), or femoral head and neck
osteotomy (Harasen, 2004). Conservative or medical treatments
for CHD tend to have limited effectiveness (Johnston, 1992); how-
ever, for osteoarthritis, moderate efficacy exists for NSAIDs such as
carprofen, etodolac, and pentosan polysulfate and for dietary sup-
plements such as green-lipped mussel extract, P54FP (from Indian
and Javanese turmeric), polysulfated glycosaminoglycans, and a

combination of chondroitin sulfate and glucosamine hydrochloride
(Aragon, Hofmeister, & Budsberg, 2007). However, the literature
contains no reports of conservative treatment of CHD by admin-
istration of d-glucosamine and S-collagen in combination. In our
previous experimental report (Hashida et al., 2003), d-glucosamine
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of glucosamine sulfate versus ibuprofen in patients with knee osteoarthritis.
34 S. Minami et al. / Carbohydr

nd S-collagen combination treatment significantly affected not
nly cartilaginous tissue and subchondrial bone regeneration, but
lso normal cartilage thickening within 1 month after administra-
ion. We believe this is why high lameness scores fell quickly at
he 1 month follow-up examination in the present study. An addi-
ional mechanism is thought to be the anti-inflammatory effects
f d-glucosamine (Hua, Suguro, Hirano, Sakamoto, & Nagaoaka,
005; Yomogida, Hua, Sakamoto, & Nagaoka, 2008) and collagen
McDevitt & Muir, 1976). The cartilaginous tissue and subchondrial
one regeneration and the anti-inflammatory effects are thought
o effectively relieve pain and allow the recovery of suitable joint

ovement. This allows animals to recover normal gait by self-
ehabilitation, prompting muscle recovery. The normalized gait
ill in turn increase blood supply to the bones and the joints.

Why was the current therapy not significantly effective for
lbow dysplasia or Legg–Calve–Perthes disease? We noted a
rend toward improved scores in these conditions as duration
f treatment increased, but this did not reach significance. The
ata might be influenced by the distribution of lameness degree
t the first examination. In elbow dysplasia, particularly where
here is fragmentation of the coronoid process, prevention of
steoarthrosis of the elbow joint is difficult despite conserva-
ive or surgical treatment (Temwichitr, Leegwater, & Hazewinkel,
009). Legg–Calve–Perthes disease is a painful disease because of
evere morphological and pathological changes in the hip joint
ith accompanying inflammatory reaction (Mickelson, McCurnin,
wbrey, Maynard, & Martin, 1981). Hence, even if no significant

mprovement in lameness score occurred, d-glucosamine and S-
ollagen are likely to have decreased inflammation and prevented
urther cartilaginous damage.

SD is a degenerative disease of the spine characterized by the
resence of one or more osteophytes. It is important to decrease the

ncidence and severity of spondylosis in order to enhance longevity
nd welfare of dogs and cats with SD (Carnier, Gallo, Sturaro,
iccinini, & Bittante, 2004). Severe spondylosis causes back stiff-
ess, lameness, change of gait, and pain. Moreover, SD can affect
ultiple sites at each vertebra as it can affect any of the vertebral

oints. Surgical treatment for DJD of the canine cervical spine has
een reported (Trotter, 2009); however, there are no reports of sur-
ical treatment for multiple DJD or of effective medical treatment.
he present findings that supplementation of d-glucosamine and
-collagen could produce significant recovery from lameness might
uggest a similar effect on vertebral joint disease, owing to the same
echanism.
In the present study, animals with all degrees of hip dysplasia

ecovered their gait and exhibited normal activity. The most impor-
ant point was that all owners achieved satisfactory responses
or their pets, which were able to return to normal activity and
ppeared happy. Moreover, the treatment is economical and non-
nvasive. Conventional treatment with NSAIDs and cage rest has a
imited duration because of obvious side effects such as gastroin-
estinal ulceration (Aftab et al., 2010). The present treatment had
o apparent side-effects and can be used long-term, appearing to
e safe in animals from 8 months to 7 years of age.

Simultaneous administration of d-glucosamine and collagen
eptide appears to be very effective for CHD and SD, allowing the
ossibility of prolonged maintenance without side effects.
. Conclusion

Oral administration of d-glucosamine and collagen peptide in
arious orthopedic diseases and SD in dogs and cats was effective.
lymers 84 (2011) 831–834

No side effects were observed. We therefore recommend the long-
term administration ofd-glucosamine and collagen peptide in dogs
and cats with these conditions.
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