
Abstract. Object and design: The therapeutic effect of glu-
cosamine hydrochloride (GH) and chondroitin sulfate (CS)
in combination with fursultiamine, a vitamin B1 derivative,
on the development of cartilage lesions was investigated in
an animal model of osteoarthritis (OA). 
Methods: The OA model was created by partial medial
meniscectomy of the right knee joint (day 0). The rabbits
were placed into three experimental groups: operated (OA)
rabbits that received placebo treatment, OA rabbits that
received GH (1000 mg/kg) + CS (800 mg/kg), and OA rab-
bits that received GH + CS + fursultiamine (100 mg/kg).
Each treatment was initiated on day 3 and continued for 
8 weeks. Macroscopic and histologic analyses were per-
formed on the cartilage. The level of MMP-1 in OA cartilage
chondrocytes was evaluated by immunohistochemistry.
Results: Only the group receiving combined treatment with
GH + CS + fursultiamine showed a significant reduction in
the severity of macroscopic and histologic lesions on tibial
plateau, which is the weight bearing cartilage surface of the
tibia, compared with placebo-treated OA rabbits. This treat-
ment group also revealed a small, but significant, decrease in
the body weight gain of the rabbits. In cartilage from place-
bo-treated OA rabbits, a significantly higher percentage of
chondrocytes in superficial layer stained positive for MMP-
1 compared with unoperated control. Rabbits treated with the
GH + CS + fursultiamine revealed a significant reduction in
the level of MMP-1. 
Conclusion: These results suggest that the chondroprotective
effect of GH + CS is enhanced by the addition of fursulti-
amine in experimental OA. This effect was associated with a
reduction in the level of MMP-1, which are known to play an
important role in the pathophysiology of OA lesions.
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Introduction

Osteoarthritis (OA) is a degenerative disease and is the major
cause of joint disorder in humans. Aging, mechanical stress
and traumatic injury, genetic susceptibility, and metabolic
predispositions are considered the risk factors for this dis-
ease. The main structural feature of OA is the degradation of
articular cartilage composed of an extracellular matrix rich in
sulfated proteoglycan and type II collagen. This feature is
likely related to the excess synthesis and release of several
catabolic factors such as proinflammatory cytokines, matrix
metalloproteinases (MMPs) and nitric oxide (NO) in the tis-
sue [1]. A breakdown of the cartilage matrix results in the
development of fibrillation (cleft formation), cartilage loss,
and hypertrophic bone changes with osteophyte formation
and subchondral plate thickening. The degradation of joints
and inappropriate synthesis of osteophytes at the margins of
the joints causes pain and reduced mobility. In later stages of
the disease, synovial inflammation is also often observed [2].

Pharmacotherapy for the treatment of OA has been focus-
ing on the alleviation of symptoms [3]. Both nonsteroidal
anti-inflammatory drugs (NSAIDs) and COX-2-specific
inhibitors have been widely used to relieve pain and inflam-
mation associated with the disease, but they do little to
reduce the disease progression and often have serious
adverse effects [4, 5].

Several lines of evidence have revealed that glucosamine
and chondroitin sulfates are effective and safer alternatives
for alleviating the symptoms of OA. Recent clinical findings
also support that glucosamine alone, or in combination with
chondroitin sulfate is effective in retarding the progression of
cartilage degeneration [6, 7]. Glucosamine is a normal con-
stituent of glycosaminoglycans and chondroitin sulfate is a
major component of the aggrecan, which is the predominant
proteoglycan in articular cartilage. The rationale for using
these nutraceuticals in the treatment of OA is the provision of
substrates for proteoglycan production in cartilage matrix
[8]. Besides potential biosynthetic effects, glucosamine may
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possess anti-inflammatory properties. In fact, glucosamine
inhibits the synthesis of proinflammatory mediators in
human osteoarthritic chondrocytes stimulated with inter-
leukin-1b [9, 10].

B vitamins have been recently evaluated as useful drugs
to treat painful disorders. Thiamine, pyridoxine and
riboflavin have been reported to induce a marked antinoci-
ceptive effect in chemical and thermal animal models [11]. It
has also been demonstrated that the analgesic effect of
NSAIDs is increased in patients simultaneously treated with
B vitamins [12]. These findings indicate that the clinical use
of glucosamine and chondroitin sulfate in combination with
B vitamins may provide a synergistic effect for relieving the
symptoms of OA. However, the effect of B vitamins on effi-
cacy of these nutraceuticals has been questioned. Therefore,
we evaluated the effect of glucosamine hydrochloride and
chondroitin sulfate in combination with B vitamins, in par-
ticular vitamin B1, on the progression of structural lesions in
experimental animal models of OA. In this study, we used
fursultiamine (thiamine tetrahydrofurfuryl disulfide), a vita-
min B1 derivative that is readily absorbed from the gastroin-
testinal tract. Oral administration of fursultiamine caused a
significant increase in the blood total thiamine level that is
equivalent to that achieved by the intravenous administration
of water-soluble thiamines. During the absorption of fursul-
tiamine, its S-S bond is broken to generate thiamine [13].

Materials and methods

Animal experiments

All animal experiments in this study were carried out in accordance
with ethical guidelines established by the Experimental Animal Care
and Use Committee of Takeda Pharmaceutical Company Limited.

Male Japanese White rabbits (13-week-old, 2.5–2.9 kg; Kitayama
Labes, Nagano, Japan) were used in this study. Partial medial menis-
cectomy was performed on all rabbits according to the method of Mea-
cock et al [14] (day 0). Prior to surgery, the animals were anesthetized
with an intramuscular injection of a mixture of ketamine (50 mg/kg, 
3 mL; Sankyo, Tokyo, Japan) and xylazine (20 mg/kg, 0.3 mL; Bayer,
Leverkusen, Germany). After the skin overlying the right hind knee joint
was shaved and sterilized, a small incision was made over the medial
side of the joint to expose the medial collateral ligament. Using iris scis-
sors, this ligament was transected, and the distal half of the medial
meniscus was released and finally excised. Particular care was taken to
avoid any damage to the cartilage surfaces. All animals were permitted
to move around freely in their cages after surgery. With regard to body
weight gain, there were no significant differences between normal rab-
bits and OA rabbits (Kobayashi T and Notoya K, unpublished observa-
tion).

The rabbits were randomly separated into 3 treatment groups:
Group 1 (n = 10) consisted of operated (OA) rabbits that received place-
bo treatment (distilled water); Group 2 (n = 10) comprised rabbits that
received glucosamine hydrochloride (GH: 1000 mg/kg; Koyo Chemi-
cal, Tokyo, Japan) and sodium chondroitin sulfate (CS: 800 mg/kg;
Maruha Co., Tokyo, Japan); Group 3 (n = 10) consisted of rabbits that
received GH (1000 mg/kg), CS (800 mg/kg) and fursultiamine 
(100 mg/kg; Takeda Pharmaceutical Company Limited, Osaka, Japan).
For another experiment to study the effect of fursultiamine alone, the
rabbits were separated into 2 treatment groups: Group 1 (n = 10) con-
sisted of operated (OA) rabbits that received placebo treatment (distilled
water); Group 2 (n = 10) comprised rabbits that received fursultiamine
(100 mg/kg). The dosages of GH and CS were selected on the basis of
other investigations showing their joint modifying and anti-inflamma-
tory properties in a mouse model of collagen-induced arthritis [15] and

a rabbit instability model of osteoarthritis [16]. The dosage of fursulti-
amine was based on the study of its anti-nociceptive activity in a chemi-
cal model of nociception in mice, indicating that treatment with thi-
amine hydrochloride (50–100 mg/kg i.p.) significantly reduced the
nociceptive response induced by formaldehyde [11]. Oral administra-
tion of fursultiamine at 50 mg/kg in rabbits rapidly caused a sufficient
increase in the blood total thiamine level that reached up to 4 mg/mL
(Takeda Pharmaceutical Company Limited, unpublished data), which is
about 10 times higher than that in human at its regular dose 
(100 mg/man) [17]. All agents were dissolved in distilled water. Treat-
ment was initiated on day 3 and continued for 8 weeks. The medication
was administered via a gastric tube once a day throughout the duration
of the study. The left knee joints of group 1 animals were evaluated as
an unoperated-control. All rabbits were sacrificed with a single injec-
tion of sodium pentobarbital (50 mg/kg; 4 mL, Dainippon Pharmaceu-
tical Co. Ltd, Osaka, Japan).

Macroscopic grading

Immediately after killing, the right knee was dissected and evaluated for
morphologic change of tibial plateau, which is the weight bearing carti-
lage surface of the tibia, according to criteria previously described by
Pelletier et al. [18]. Briefly, the depth of erosion in articular cartilage
was scored with a grading scale of 0 to 4, as follows: grade 0 = normal-
appearing surface; grade 1 = minimal fibrillation or a slight yellowish
discoloration of the surface; grade 2 = erosion extending into superfi-
cial or middle layers only; grade 3 = erosion extending into deep layers;
grade 4 = erosion extending to the subchondral bone. The surface area
(size) of lesions was measured using Adobe Photoshop image analysis
software (version 6.0; Adobe Systems, San Jose, CA).

Histologic grading

Histologic grading was performed on sagittal sections of cartilage from
the damaged area of each tibial plateau. Specimens were dissected,
fixed in a 10% formalin neutral buffer solution (Wako, Osaka, Japan)
for two days, decalcified in a 5% formic acid-formalin solution for ten
days, and embedded in paraffin for histologic evaluation. Serial sections
(6 mm) were stained with Safranin O-fast green. The severity of the OA
lesions was graded on a scale of 0 to 12 by blinded observers using a his-
tological/histochemical scale modified from that of Mankin et al. [19].
This scale evaluates the severity of OA lesions based on the loss of
Safranin O staining (scales 0–4), cellular changes (scales 0–3) and
structural changes (scale 0–5, where 0 = normal cartilage structure and
5 = erosion of the cartilage down to the subchondral bone). The scoring
system was based on the most severe histologic changes within each
cartilage section.

Immunohistochemistry

Cartilage specimens were processed for immunohistochemical analysis
according to the method of Heubner et al. [20] with some modifications.
Paraffin sections (6 mm) were deparaffinized and hydrated using xylene
and a graded alcohol series. The sections were washed in distilled water,
and exposed to 3% H2O2 to quench any endogenous peroxidase activi-
ty for 10 min at room temperature. Slides were further incubated with a
1.5% normal horse serum solution (Vectastain Elite ABC kit; Vector,
Burlingame, CA) for 30 min at room temperature to suppress nonspe-
cific binding, blotted, and overlaid with a mouse monoclonal antibody
against MMP-1 (0.5 mg/mL, dilution 1:100; Daiichi Fine Chemical Co.
Ltd., Toyama, Japan) at 4°C for 18 h in a humidified chamber. The pri-
mary monoclonal antibody against MMP-1 recognizes the latent pro-
MMP-1 and the active form of the enzyme. 

Each slide was washed 3 times in phosphate-buffered saline (PBS)
(pH7.4; Takara Shuzo, Shiga, Japan), and biotinylated horse anti-mouse
IgG secondary antibody was applied to sections for 30 min, followed by
Vectastain ABC Elite reagent, an avidin-biotin-peroxidase complex
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(Vectastain ABC Elite kit; Vector), for 30 min. The antibody was detect-
ed using 0.1% (1 mg/mL) diaminobenzidine tetrahydrochloride and
0.02% H2O2 in a 0.1 mol/L Tris buffer (Vector). Slides were counter-
stained with hematoxylin (Wako, Osaka, Japan). 

To determine the specificity of staining, 3 control procedures were
used, according to the same experimental protocol: 1) use of adsorbed
immune serum (1 h at 37°C) with a 20-fold molar excess of recombi-
nant MMP-1, 2) omission of the primary antibody, and 3) substitution
of the primary antibody with an autologous preimmune serum (mouse
IgG1). The purified antigen used was human recombinant MMP-1
(Genzyme, Cambridge, MA).

Each section was examined with a light microscope (100¥ magni-
fication) and scored separately. The presence of the antigen was esti-
mated by determining the number of chondrocytes stained positive in
the cartilage. The total number of chondrocytes and the number of chon-
drocytes positive for MMP-1 were counted over a defined area using a
microscope grid. The results were expressed as the percentage of posi-
tive chondrocytes (cell score), with the maximum possible score being
100%. Each slide was evaluated by two blinded observers.

Statistical analysis

Data are expressed as the mean ± S.E. Statistical significance was
assessed with the Steel test or the Dunnett test.

Results

Effects of GH + CS and GH + CS + fursultiamine on pro-
gression of experimental OA.

Growth rate and general health

No clinical signs of drug toxicity were noted in each treat-
ment group. There was a slight, but significant (P < 0.05, the
Dunnett test, at 56 days), decrease in the body weight gain of
the rabbits treated with GH + CS + fursultiamine, compared
with the placebo control (Fig. 1A).

Macroscopic findings

Cartilage from control rabbits had a normal appearance. In
placebo-treated OA rabbits, macroscopic damage was of a
moderate degree in the tibial plateaus. The treatment with
GH + CS slightly, but not significantly, reduced the severity
of cartilage lesions. OA rabbits treated with GH + CS + fur-
sultiamine revealed significant decreases in the grade (depth)
and surface area (size) of cartilage macroscopic lesions
(40% reduction in the grade and 39% reduction in the sur-
face area) (Fig. 2 and Table 1).

Histologic findings

Cartilage from placebo-treated OA rabbits exhibited mor-
phologic changes, including fibrillation and hypocellularity,
and loss of Safranin O staining; which was represented by the
degradation of extracellular matrix rich in sulfated proteo-
glycan in articular cartilage. A statistically significant
decrease in the severity of lesions was observed only in the
group treated with GH + CS + fursultiamine (44% reduc-
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Fig. 1. Changes in body weight in OA rabbits treated with placebo, GH
+ CS, or GH + CS + fursultiamine (A), and in OA rabbits treated with
placebo or fursultiamine (B) for 8 weeks. Mean ± SEM (n = 9–10).
There was a slight decrease in the body weight gain of the rabbits treat-
ed with GH + CS + fursultiamine, compared with the placebo control 
(*: P < 0.05, the Dunnett test, at 56 days). 

Fig. 2. Macroscopic appearance of cartilage from tibial plateaus of (A)
unoperated-control, (B) placebo-treated (OA), (C) GH + CS-treated,
and (D) GH + CS + fursultiamine-treated OA rabbits. Erosions and pit-
ting (areas indicated by circles in A–D) were evident in the placebo-
treated OA rabbits. In the GH + CS + fursultiamine-treated rabbits, the
lesions were less severe compared with the placebo-treated OA rabbits



tion). The reduction in the histologic score was largely due to
a decrease in the severity of structural changes and loss of
Safranin O staining (Fig. 3 and Table 1).

Immunohistochemical findings

In specimens of unoperated-control cartilage from the left
tibial plateaus of group 1 rabbits, only chondrocytes within
the superficial layers stained positive for MMP-1. In speci-
mens of OA cartilage from placebo-treated rabbits, a large
number of positive chondrocytes were detected in the middle
and deep cartilage layers and the percentage of MMP-1-pos-
itive cells was increased compared with that in unoperated-
control cartilage (Fig. 4 and Table 2). OA rabbits treated with
GH + CS + fursultiamine demonstrated significant decreas-
es in the MMP-1 positive cell scores (42% reduction, com-
pared with the placebo-treated OA rabbits) (Fig. 4 and Table
2). No background staining was observed in the negative

control when substitution of the primary antibody applied
mouse IgG1 antibody (Fig. 4E).

Effect of fursultiamine alone on progression of experimental
OA

Another set of experiments to study the effect of fursulti-
amine alone was performed to elucidate the role of fursulti-
amine in the chondroprotective effect of GH + CS + fursulti-
amine. The rate of weight gain was similar between placebo-
and fursultiamine-treated OA rabbits (Fig. 1B). In placebo-
treated OA rabbits, macroscopic and histologic cartilage
lesions were observed and there were no differences in sever-
ity between the two experiments. Treatment with fursulti-
amine alone had no effect on the severity of either macro-
scopic or histologic lesions (Table 1). In addition, the treat-
ment was not effective in the MMP-1 positive cell scores
(data not shown). 

Discussion

In this study, we demonstrated that treatment with glu-
cosamine hydrochloride (GH) + chondroitin sulfate (CS) +
fursultiamine significantly reduced the severity of cartilage
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Table 1. Macroscopic and histologic grading of cartilage from tibial plateaus of unoperated-control, placebo-treated (OA), GH + CS-treated, GH +
CS + fursultiamine-treated, and fursultiamine alone-treated rabbits with surgically induced OA.

Group Macroscopic grading Histologic grading
Grade, 0–12 scale

Size, mm2 Depth, 0–4 scale

Exp. 1
unoperated-control 0.60 ± 0.22 0.30 ± 0.15 0.80 ± 0.25
OA 10 ± 1.4 2.4 ± 0.16 5.1 ± 0.38
GH + CS 8.8 ± 0.95 1.9 ± 0.26 4.7 ± 0.60
GH + CS + fursultiamine 6.2 ± 1.2* 1.4 ± 0.18* 2.9 ± 0.51*

Exp. 2
unoperated-control 0.85 ± 0.37 0.40 ± 0.16 0.60 ± 0.22
OA 9.3 ± 1.1 2.6 ± 0.16 5.1 ± 0.87
fursultiamine 10 ± 0.88 2.8 ± 0.13 4.5 ± 0.54

Japanese white rabbits underwent a partial medial meniscectomy of the right knee joint. The osteoarthritic (OA) group was treated with placebo. Each
treatment was initiated on day 3 and continued for 8 weeks. Macroscopic and histologic lesions were graded as described in Materials and methods.
Values are the Mean ± SEM (n = 9–10). *P < 0.05 versus OA control, the Steel test.

Table 2. Cartilage cell scores for MMP-1 in unoperated-control, place-
bo-treated (OA), GH + CS-treated, and GH + CS + fursultiamine-treat-
ed rabbits with surgically induced OA.

Group MMP-1 positive chondrocytes
%

unoperated control 10 ± 1.7
OA 59 ± 4.0
GH + CS 50 ± 7.9
GH + CS + fursultiamine 35 ± 7.6*

Values are the Mean ± SEM (n = 9–10). *: P < 0.05 versus OA control,
the Dunnett test.

Fig. 3. Representative Safranin O & fast green-stained sections of car-
tilage from tibial plateaus of (A) unoperated-control, (B) placebo-treat-
ed (OA), (C) GH + CS-treated, and (D) GH + CS + fursultiamine-treat-
ed OA rabbits (original magnification ¥200). 



lesions in experimental OA. The data clearly revealed that
addition of fursultiamine at a pharmacological dose 
(100 mg/kg) in animals [11] enhanced the chondroprotective
effects of GH + CS. The dosages of GH, CS and fursultiamine
used in the present study were high compared to their regular
doses in human. The experimental OA in rabbits seems to be
more severe than human OA because OA changes in the rab-
bit model were found in only 8 weeks, while the development
of human OA is generally need long time period such as over
many years or lifetime [16]. Therefore, the present data from
a rabbit OA model are valuable enough to discuss the poten-
tial of therapeutic effect of the combined treatment with GH
+ CS + fursultiamine, although careful attention is needed to
extrapolate the data to the human use.  

The metabolism of cartilage matrix is likely to be impli-
cated in the observed chondroprotection provided by the
combined treatment with GH + CS + fursultiamine. Exoge-
nous glucosamine becomes a preferred source of the he-
xosamine precursor and the sulfate anion needed for the
biosynthesis of glycosaminoglycans in the articular carti-
lage [21]. Both glucosamine and CS also regulate the for-
mation of new cartilage by stimulating the synthesis of pro-
teoglycans by chondrocytes but have no effect on the pro-
duction of type II collagen, another main component of car-
tilage matrix [22–24]. Since proteoglycans have negatively
charged anionic groups, they attract water and thus provide
a swelling pressure that is related to the ability to undergo
reversible deformation of the cartilage [25]. On the other
hand, collagen fibers form a three-dimensional network that
can balance the swelling pressure of the proteoglycan /water
gel and maintain correct tissue shape by preventing space-
filling proteoglycans from expanding further [26]. There-
fore, a well-balanced synthesis of both proteoglycans and
type II collagen is likely important to preserve the function-
al properties of articular cartilage. Prasad and Bose [27]
reported a reduction in collagen synthesis with thiamine
deficiency, possibly due to interference in the hydroxylation

of proline and lysine via a decrease in the tissue level of
ascorbic acid, a necessary cofactor for both proline hydrox-
ylase and lysine hydroxylase, and a role for thiamine in the
biosynthesis of ascorbic acid has been suggested [28, 29].
Fursultiamine thus may provide preferential conditions for
collagen synthesis via the regulation of ascorbic acid
biosynthesis when GH and CS stimulate proteoglycan pro-
duction in articular cartilage. In fact, a recent study demon-
strated that addition of manganese ascorbic acid also
improved the effects of GH + CS on cartilage destruction in
a rabbit instability model of OA [16]. Biochemical analysis
on collagen synthesis in articular cartilage is now under
investigation.

Concerning the role of cartilage catabolic factors, a num-
ber of biochemical factors that participate significantly in the
degradation of cartilage macromolecules have been identi-
fied [1, 2]. Among these factors, collagenases are believed to
be players in the proteolysis of cartilage type II collagen [30].
MMP-1 (collagenase 1) have been identified in OA cartilage
and synthesized in an increased amount by OA chondrocytes
[31–33]. Our immunohistochemical findings (analysis)
revealed that the MMP-1 positive chondrocytes were pre-
dominantly distributed in superficial and intermediate layers
of cartilage. Furthermore, we first demonstrated that treat-
ment with the GH + CS + fursultiamine was capable of
reducing the number of chondrocytes that stained positive for
MMP-1. In our preliminary study, we could not detect any
additive beneficial effects of fursultiamine in combination
with GH and/or CS on cellular metabolism of bovine nasal
cartilage or human articular chondrocytes in vitro (Nakamu-
ra A and Notoya K, unpublished observation), although both
glucosamine and CS directly stimulate chondrocytes to syn-
thesize cartilage matrix and inhibit proteolytic enzymes that
degrade joint cartilage [9, 10, 22–24]. Therefore, the reduc-
tion in the level of MMP-1 by GH + CS + fursultiamine is
likely a result due to indirect systemic metabolic effects
rather than local actions in joints.
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Fig. 4. Expression of MMP-1 in representative sections of cartilage from tibial plateaus of (A) unoperated-control, (B) placebo-treated (OA), (C)
GH + CS-treated, and (D) GH + CS + fursultiamine-treated OA rabbits. These sections were immunostained with a monoclonal antibody against
MMP-1. Positive cells showed dark brown staining (arrows, A–D). No specific staining was detected in placebo treated (OA control) cartilage treat-
ed with immunoadsorbed mouse IgG1 antibody (E). Original magnification ¥ 200. 



Only the group treated with GH + CS + fursultiamine
showed a slight, but significant, decrease in body weight gain
in comparison with the placebo-treated animals. Biome-
chanical effects of the change in body weight may provide
another explanation for the observed chondroprotective
effects in the model. Since the knee joint meniscus is a
weight-bearing tissue that has an important mechanical role
in normal joint function, its mechanical failure due to menis-
cectomy results in the imposition of high focal contact pres-
sures on articular cartilage and induces OA [34]. Therefore,
the decrease in body weight gain may lead to a reduction in
mechanical stress on the articular cartilage and retard degen-
eration and development in mechanically induced OA. 

The mechanisms involved in the decrease in body weight
gain of animals treated with GH + CS + fursultiamine are still
unclear. Thiamine (vitamin B1) is essential for energy metab-
olism. A deficiency of vitamin B1, which is liable to occur
during restricted dietary intake, induces a decrease in meta-
bolic rate [35]. The requirement for vitamin B1 parallels
energy expenditure. In addition, fursultiamine has been
reported to enhance thermogenesis together with noradrena-
line and adrenaline secretion in rats [36]. Glucosamine may
also affect the energy balance by mimicking the signal of glu-
cose or a nutrient in the hexosamine biosynthesis pathway,
which is a hypothetical cellular nutrient-sensor [37, 38].
Thus, combined treatment with this vitamin B1 derivative
and glucosamine seems to cause an increase in energy expen-
diture and a decrease in energy intake at the same time, and
lead to changes in body weight gain. To clarify this phenom-
enon, more experiments are needed including an evaluation
of feeding behavior and movement function.

The influence of other vitamins on cartilage matrix
metabolism has also been investigated. Riboflavin inhibits
the degeneration of cartilage in C57 black mice that develop
OA spontaneously [39]. A deficiency in vitamin B6 leads to
a matrix abnormality resembling OA due to an alteration in
the molecular organization of collagen in avian articular car-
tilage [40]. Vitamin E also inhibits the development of OA in
rats receiving intraarticular injections of hydrogen peroxide
together with a running load by protecting against reactive
oxygen species-mediated cartilage damage [41]. Therefore,
these vitamins as well as vitamin B1 or vitamin C may
enhance the chondroprotective effect of GH + CS. However,
dietary vitamins alone are likely insufficient to reduce the
progression of the pathological changes in OA since the
Framingham OA cohort study did not show clear evidence of
a correlation between the incidence of OA and habits of eat-
ing with regard to vitamins [42].  

In conclusion, the chondroprotective effect of GH + CS
was enhanced further by the addition of fursultiamine in
experimental OA. Combination treatment of these two
nutraceuticals and fursultiamine, a vitamin B1 derivative,
may have the potential to prevent the development of carti-
lage lesions in human OA. 
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