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Abstract. The anti‑inflammatory actions of glucosamine 
(GlcN) on arthritic disorders involve the suppression of inflam-
matory mediator production from synovial cells. GlcN has also 
been reported to inhibit the activation of the p38 mitogen‑acti-
vated protein kinase (MAPK) pathway. The present study 
aimed to determine the cooperative and anti‑inflammatory 
actions of functional food materials and evaluated the produc-
tion of interleukin (IL)‑8 and phosphorylation of p38 MAPK 
in IL‑1β‑activated synovial cells, incubated with the combina-
tion of GlcN and various functional food materials containing 
L‑methionine (Met), undenatured type II collagen (UC‑II), 
chondroitin sulfate (CS), methylsulfonylmethane (MSM) and 
agaro‑oligosaccharide (AO). The results indicated that Met, 
UC‑II, CS, MSM and AO slightly or moderately suppressed 
the IL‑1β‑stimulated IL‑8 production by human synovial 
MH7A cells. The same compounds further decreased the IL‑8 
level lowered by GlcN. Similarly, they slightly suppressed the 
phosphorylation level of p38 MAPK and further reduced the 
phosphorylation level lowered by GlcN. These observations 
suggest a possibility that these functional food materials exert 
an anti‑inflammatory action (inhibition of IL‑8 production) in 
combination with GlcN by cooperatively suppressing the p38 
MAPK signaling (phosphorylation).

Introduction

Glucosamine (GlcN), a naturally occurring amino monosac-
charide, is present in the connective and cartilage tissues 
and contributes to maintaining their strength, flexibility and 
elasticity. GlcN has been widely used as a supplement for 

alleviating the symptoms of osteoarthritis (OA). According 
to previous biochemical and pharmacological findings, the 
administration of GlcN normalized cartilage metabolism by 
inhibiting degradation (1) and stimulating the synthesis of 
proteoglycans (2,3), and restores articular functions. GlcN 
has also been reported to exert an anti‑inflammatory action 
by inhibiting the production of inflammatory mediators and 
inflammatory cytokines, including nitric oxide (NO), pros-
taglandin (PG) E2 and interleukin (IL)‑8 via the suppression 
of the activation of the p38 mitogen activated protein kinase 
(MAPK) signaling pathway and nuclear factor (NF)‑κB 
signaling (4‑9).

Furthermore, other functional food materials are under-
stood to exhibit anti‑inflammatory actions. Chondroitin sulfate 
(CS) inhibits the activation and nuclear translocation of NF‑κB 
in chondrocytes and synoviocytes (10). Methylsulfonylmethane 
(MSM) and agaro‑oligosaccharide (AO) are reported to inhibit 
lipopolysaccharide (LPS)‑induced production of NO in the 
RAW264.7 mouse macrophage‑like cell line (11,12). In addi-
tion, AO, CS and MSM reduce the symptoms of rheumatoid 
arthritis models (12‑14). Similarly, L‑methionine (Met) reduces 
the symptoms of rheumatoid arthritis in model animals (15), 
and undenatured type II collagen (UC‑II) improves the symp-
toms of human OA (16). Thus, these functional food materials 
are expected to enhance the alleviation of the symptoms of OA 
by combination with GlcN. However, it remains to be eluci-
dated whether the combination of these materials with GlcN 
cooperatively exhibits the anti‑inflammatory actions.

The present study therefore aimed to determine the 
cooperative and anti‑inflammatory actions of functional 
food materials, and evaluated the production of IL‑8 and 
phosphorylation of p38 MAPK and NF‑κB in IL‑1β‑activated 
synovial cells, incubated with the combination of GlcN and 
various functional food materials, containing Met, UC‑II, 
CS, MSM, AO and other substances with anti‑inflammatory 
or anti‑arthritic action (proteoglycans, hyaluronic acid, 
collagen peptides, olive leaf extract, red ginger extract, 
Boswellia serrata extract, devil's claw and curcumin).

Materials and methods

Reagents. GlcN and Met were supplied by Protein Chemical 
Co., Ltd. (Tokyo, Japan), UC‑II by Ryusendo Co., Ltd. (Tokyo, 
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Japan), CS by Yaegaki Bio‑industry, Inc. (Himeji, Japan), MSM 
by CIC Frontier Co., Ltd. (Tokyo, Japan) and AO by Takara 
Bio Inc. (Otsu, Japan). IL‑1β was purchased from Peprotech 
EC Ltd. (London, UK). In addition, the effects of the following 
substances, which are known to exhibit anti‑inflammatory or 
anti‑arthritic action  (17‑25), were evaluated: Proteoglycan 
extracted from salmon nasal cartilage (17) was supplied by 
Ichimaru Pharcos Co., Ltd. (Gifu, Japan), hyaluronic acid (18) 
by N.C. Corporation (Kagawa, Japan), collagen peptides (19,20) 
by Nitta Gelatin Inc. (Osaka, Japan), olive leaf extract (21) by 
Eisai Food & Chemical Co., Ltd. (Tokyo, Japan), red ginger 
extract (22) from Oryza Oil & Fat Chemical Co., Ltd. (Aichi, 
Japan), Boswellia serrata extract (23) from Nippon Shinyaku 
Co., Ltd., devil's claw extract (24) from Ask Intercity Co., Ltd. 
(Chiba, Japan) and curcumin (25) from Indena Japan Co., Ltd. 
(Tokyo, Japan).

Cell culture. MH7A human synovial cells (RCB1512) were 
purchased from RIKEN Cell Bank (Tsukuba, Japan) and 
were maintained in RPMI‑1640 medium (Nacalai Tesque, 
Kyoto, Japan) supplemented with 10% fetal bovine serum (cat. 
no. 171012; Nichirei Biosciences Inc., Tokyo, Japan), penicillin 
and streptomycin at 37˚C in 5% CO2.

Measurement  of  IL ‑ 8 product ion.  MH7A cel ls 
(0.35x105 cells/well) were seeded and cultured into 24‑well 
plates overnight. The cells were then incubated with Met 
(50‑100 µg/ml), UC‑II (50‑100 µg/ml), CS (50‑100 µg/ml), 
MSM (2, 500‑5,000  µg/ml),  AO (50‑100  µg/ml), 
p ro t eog lyca n  (25 ‑10 0   µg /m l),  hya lu ron ic  ac id 
(250‑1,000 µg/ml), collagen peptides (100‑400 µg/ml), olive 
leaf extract (5‑20 µg/ml), red ginger extract (10‑40 µg/ml), 
devil's claw extract (25‑100 µg/ml), curcumin (5‑20 µg/ml) 
and Boswellia serrata extract (12.5 µg/ml) or GlcN (1 mM), 
and a combination of GlcN and other materials for 3 h at 37˚C. 
Following this, cells were stimulated with 50 pg/ml IL‑1β in a 
total volume of 0.5 ml RPMI‑1640 medium for 24 h at 37˚C (4). 
Subsequently, IL‑8 in the culture supernatants was quantified 
by a sandwich enzyme‑linked immunosorbent assay (ELISA) 
using the DuoSet ELISA Development kit (R&D Systems, 
Inc., Minneapolis, MN, USA). Microtiter plates (96‑well half 
area flat bottom; Corning, Acton, MA, USA) were coated with 
4 µg/ml mouse anti‑human IL‑8 antibody (cat. no. #890805; 
180‑fold dilution, 25 µl/well; R&D Systems, Inc.) diluted in 
phosphate‑buffered saline (PBS; 137 mM NaCl, 2.7 mM KCl, 
8.1 mM Na2HPO4 and 1.5 mM KH2PO4; pH7.4) overnight at 
4˚C. Following washing with PBS and 0.05% Tween‑20, plates 
were blocked with PBS containing 1% bovine serum albumin 
(BSA) and 0.05% sodium azide for 1 h at room temperature. 
The plates were subsequently washed three times with PBS 
containing 0.05% Tween‑20, 25 µl/well culture supernatants or 
standards (15‑2,000 pg/ml) were added, and plates were incu-
bated for 2 h at room temperature. Following washing three 
times with PBS containing 0.05% Tween‑20, the plates were 
incubated with 3.6 µg/ml of biotinylated goat anti‑human IL‑8 
antibody (180‑fold dilution; cat. no. #890805, R&D Systems, 
Inc.) for 2 h at room temperature, then washed and incubated 
with streptavidin‑horseradish peroxidase (cat. no. #890803; 
200‑fold dilution, 25 µl/well; R&D Systems, Inc.) at room 
temperature for 10 min. The plates were washed again and 

incubated with 25 µl tetramethyl benzidine liquid substrate. 
The reaction was terminated with 1 M H2SO4, and the plates 
were read immediately at a wavelength of 450 nm with a 
microplate reader (Model 680; Bio‑Rad, Hercules, CA, USA). 
The detection limit was <15 pg/ml.

Phosphorylation of p38MAPK and NF‑κB. MH7A cells 
(9x105/well) were seeded and cultured in 35 mm tissue culture 
dishes overnight. Thereafter, the cells were incubated with 
1 mM GlcN, 100 µg/ml Met, 50 µg/ml UC‑II, 50 µg/ml CS or 
2,500 µg/ml MSM, 100 µg/ml AO and a combination of GlcN 
and other materials for 3 h, and stimulated with 200 pg/ml 
IL‑1β for 10 min at 37˚C (8,9). Following washing with ice‑cold 
PBS containing 100 mM Na3VO4, the cells were harvested 
in 1.2 ml lysis buffer (1% Triton X‑100, 0.5% Nonidet P‑40, 
10 mM Tris‑HCl and 150 mM NaCl; pH 7.4) containing 1/25 v/v 
Complete™ (Roche Diagnostics GmbH, Mannheim, Germany) 
and 1/100 v/v Phosphatase Inhibitor Cocktail™ (Nacalai Tesque, 
Kyoto, Japan). Following sonication, the lysates were centrifuged 
at 4˚C at 12,000 x g for 10 min and the supernatants were 
recovered. The protein concentrations of the supernatants were 
determined with a Bicinchoninic Acid protein assay kit (Pierce; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) using BSA 
as a standard. The supernatants were mixed with 6X SDS‑PAGE 
sample buffer and boiled for 3 min. Samples (10 µg protein/lane) 
were separated by 12% SDS‑PAGE and electrophoretically 
transferred onto an Immobilon‑P polyvinylidene difluoride 
membrane (EMD Millipore, Billerica, MA, USA). To detect 
phosphorylated p38 MAPK and NF‑κB levels, the membranes 
were blocked in Blocking One solution (Nacalai Tesque, Inc., 
Kyoto, Japan), and probed with a mouse anti‑phosphorylated 
(p)‑p38 MAPK monoclonal antibody (pT180/pY182; 1,000‑fold 
dilution; cat. no. #612168; BD Bioscience Pharmingen, San Diego, 
CA, USA) or a rabbit anti‑phosphorylated NF‑κB p65 mono-
clonal antibody (Ser 536; 250‑fold dilution; cat. no. #3033; Cell 
Signaling Technology, Inc., Danvers, MA, USA). Horseradish 
peroxidase (HRP)‑conjugated goat anti‑mouse immunoglobulin 
(Ig)G/IgM (5,000‑fold dilution; cat. no. #115‑035‑044; Jackson 
ImmunoResearch Laboratories, Inc., West Grove, PA, USA) or 
HRP‑conjugated goat anti‑rabbit IgG (5,000‑fold dilution; cat. 
no. #115‑035‑144; Jackson ImmunoResearch Laboratories, Inc.) 
served as secondary antibodies.

The membranes were stripped by incubating in Restore 
Western Stripping Buffer (Pierce; Thermo Fisher Scientific, 
Inc.) at 37˚C for 15 min. The p38 MAPK and NF‑κB proteins 
contained in each sample were detected by reprobing with 
mouse anti‑p38MAPK (2,000‑fold dilution; SAPK2a; 
cat. no.  #612168; BD Bioscience Pharmingen) or rabbit 
anti‑NF‑κB (2,000‑fold dilution; D14E12; cat. no.  #8242; 
Cell Signaling Technology, Inc.) primary antibodies followed 
by the HRP‑conjugated goat anti‑mouse (5,000‑fold dilu-
tion) or anti‑rabbit (5,000‑fold dilution) IgG secondary 
antibodies. Signals were detected with SuperSignal West 
Pico Chemiluminescent Substrate (Pierce; Thermo Fisher 
Scientific, Inc.), and quantified using a LAS‑3000 lumines-
cent image analyzer and Multi Gauge version 3.0 (both from 
Fujifilm Corporation, Tokyo).

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation, and were analyzed using one‑way analysis of 
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variance followed by a post hoc Bonferroni test for multiple 
comparisons. Statistical analysis was performed using 
GraphPad Prism software version 5 (GraphPad Software, 
Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Effects of Met, UC‑II, CS, MSM, AO and GlcN on 
IL‑1β‑stimulated IL‑8 production by MH7A cells. To evaluate 
the effects of functional food materials and GlcN on IL‑8 
production, MH7A was stimulated with IL‑1β in the presence 

of Met, UC‑II, CS, MSM, AO or GlcN, and the combination 
of GlcN and other materials. Met (50 and 100 µg/ml), UC‑II 
(50 and 100 µg/ml), CS (50 and 100 µg/ml), MSM (2,500 
and 5,000 µg/ml) and AO (50 and 100 µg/ml) slightly or 
moderately suppressed the IL‑1β‑stimulated IL‑8 produc-
tion by MH7A cells (Fig.  1A‑E, respectively), although 
GlcN (1  mM) suppressed IL‑8 production more potently 
compared with other materials (Fig. 1). The combination of 
GlcN and these functional food materials on IL‑8 produc-
tion was evaluated. Met (100 µg/ml), UC‑II (50 µg/ml), CS 
(50 µg/ml), MSM (2,500 and 5,000 µg/ml, P<0.05) and AO 
(100 µg/ml, P<0.01) further decreased the IL‑8 level lowered 

Figure 1. Effect of functional food materials and glucosamine (GlcN) on IL‑1β‑stimulated IL‑8 production by MH7A cells. MH7A cells were incubated in the 
absence (‑) or presence (+) of (A) Met (B) UC‑II, (C) CS, (D) MSM and (E) AO, in with or without or GlcN and IL‑1β. Data are presented as the mean ± standard 
deviation of three separate experiments. The level of IL‑1β‑stimulated IL‑8 production was compared between cells with and without functional food materials 
or glucosamine, and between cells treated with glucosamine alone and those treated with a combination of functional food materials and glucosamine. *P<0.05, 
**P<0.01 and ***P<0.001. IL, interleukin. Met, methionine; UC‑II, undenatured type II collagen; CS, chondroitin sulfate; MSM, methysulfonylmethane; AO, 
agaro‑oligosaccharide; GlcN, glucosamine; IL‑1β, interleukin‑1β.
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by GlcN (Fig. 1A‑E, respectively). In contrast, proteoglycan 
(25‑100 µg/ml), hyaluronic acid (250‑1,000 µg/ml), collagen 
peptides (100‑400 µg/ml), olive leaf extract (5‑20 µg/ml), red 
ginger extract (10‑40 µg/ml), devil's claw extract (25‑100 µg/ml), 
curcumin (5‑20  µg/ml) and Boswellia  serrata extract 
(12.5 µg/ml) neither suppressed the IL‑1β‑stimulated IL‑8 
production by MH7A cells nor affected the GlcN‑induced 
suppression of IL‑8 production (data not shown).

Effects of Met, UC‑II, CS, MSM, AO and GlcN on phosphory‑
lation of p38 MAPK and NF‑κB. To determine whether the 
suppressive action of Met, UC‑II, CS, MSM, AO or GlcN, and 
the combination of GlcN and other materials on the synovial 
cell activation is mediated by the actions of p38 MAPK and 
NF‑κB signaling, the effects of these substances on the phos-
phorylation of p38 MAPK and NF‑κB p65 was investigated. 
Met (100 µg/ml), UC‑II (50 µg/ml), CS (50 µg/ml), MSM 
(2,500 µg/ml) and AO (100 µg/ml) slightly or moderately 
suppressed the IL‑1β‑stimulated phosphorylation of p38 
MAPK (Fig.  2A‑E, respectively), although GlcN (1  mM) 
substantially suppressed the IL‑1β‑induced phosphorylation of 
p38 MAPK (Fig. 2). Notably, Met, UC‑II, CS, MSM and AO 

slightly or moderately decreased the phosphorylation level of 
p38 MAPK lowered by GlcN. In addition, Met further reduced 
the phosphorylation level of NF‑κB p65 lowered by GlcN 
(Fig. 3), although the suppressive effects of UC‑II, CS, MSM 
and AO on the phosphorylation of NF‑κB p65 were not clearly 
observed (data not shown). However, the suppressive effects of 
Met, UC‑II, CS, MSM, AO and GlcN on the phosphorylation 
levels of p38 MAPK and NF‑κB p65 were not statistically 
significant (data not shown).

Discussion

The anti‑inflammatory actions of GlcN in arthritic disorders 
involve the suppression of inflammatory mediator produc-
tion from synovial cells and chondrocytes (4‑6). In addition, 
GlcN has been reported to inhibit activation of the p38 MAPK 
NF‑κB signaling pathways (4,6‑9). The present study exam-
ined the anti‑inflammatory actions of other functional food 
materials; the effects of Met, UC‑II, CS, MSM and AO were 
evaluated using the MH7A human synovial cell line, and IL‑8 
as an inflammatory cytokine/chemokine. The results indicated 
that Met, UC‑II, CS, MSM and AO slightly or moderately 

Figure 2. Effect of functional food materials and glucosamine on the phosphorylation of p38 MAPK. Representative western blot images of MH7A cells 
incubated in the absence (‑) or presence (+) of (A) Met, (B) UC‑II, (C) CS, (D) MSM, (E) AO, with or without or GlcN and IL‑1β. Images and quantified data are 
representative of three separate experiments. MAPK, mitogen‑activated protein kinase; Met, methionine; UC‑II, undenatured type II collagen; CS, chondroitin 
sulfate; MSM, methysulfonylmethane; AO, agaro‑oligosaccharide; GlcN, glucosamine; IL‑1β, interleukin‑1β; pp38, phosphorylated p38.
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suppressed IL‑1β‑stimulated IL‑8 production by MH7A cells. 
Notably, Met, UC‑II, CS, MSM and AO further decreased the 
IL‑8 levels lowered by GlcN. Similarly, Met, UC‑II, CS, MSM 
and AO slightly or moderately suppressed the phosphorylation 
levels of p38 MAPK and further reduced the phosphoryla-
tion level lowered by GlcN (statistical data not shown). These 
observations suggested a possibility that these functional food 
materials exerted an anti‑inflammatory action (inhibition of 
IL‑8 production) in combination with GlcN by cooperatively 
suppressing p38 MAPK signaling (phosphorylation).

The functional food materials evaluated in the present 
study are included in various foods (http://www.naturalda-
tabase.com/): GlcN is contained in the shells of crustaceans, 
including shrimps and crabs; Met is contained mainly in 
meat, vegetables and nuts; UC‑II and CS are contained in 
cartilage; MSM is present in milk, tea and vegetables; and, 
AO is contained in agar. GlcN has been reported to suppress 
the progression of adjuvant arthritis by inhibiting synovial 
hyperplasia, cartilage destruction, inflammatory cell infiltra-
tion and the production of inflammatory mediators (NO and 
PGE2) (26). Furthermore, GlcN suppressed the progression 
of an experimental OA model by inhibiting type II collagen 
degradation and enhancing type II collagen synthesis (27). 
Among the functional food materials, Met is reported to 
suppress the progression of adjuvant arthritis by inhibiting 
the synovial hyperplasia and production of inflammatory 
mediators (NO and PGE2) (15). CS exerts an anti‑inflam-
matory action by reducing NF‑κB nuclear translocation 
in synoviocytes and chondrocytes (10). AO suppresses the 
elevated levels of NO, PGE2, and pro‑inflammatory cytokines 
including tumor necrosis factor (TNF)‑α, IL‑1β and IL‑6 by 
inducing heme oxygenase‑1 in LPS‑stimulated monocytes 
and macrophages (28). MSM inhibits the LPS‑induced release 
of inflammatory mediators (NO, PGE2, IL‑6 and TNF‑α) in 
murine macrophages through the downregulation of NF‑κB 
signaling (11). UC‑II suppresses collagen‑induced arthritis by 
inducing CD4+CD25+ regulatory T cells (29). Met reduces the 
symptoms of rheumatoid arthritis in model animals (15). AO, 
CS and MSM reduce the symptoms of rheumatoid arthritis 
models  (12‑14). UC‑II improves the symptoms of human 
OA (16). The present study revealed that these functional 

food materials slightly inhibit the activation of synovial cells 
by suppressing IL‑8 production and p38 MAPK signaling 
by themselves. Furthermore, the combinations of these 
functional food materials and GlcN cooperatively inhibit the 
synovial cell activation (IL‑8 production) and p38 MAPK 
signaling. Therefore, the combinations of these materials and 
GlcN are expected to exhibit the chondroprotective action on 
cartilage‑degenerative diseases including OA and rheuma-
toid arthritis by suppressing p38 MAPK signaling.

IL‑1β activates a variety of signaling cascades (including 
p38MAPK and NF‑κB pathways), which lead to the induction 
of inflammatory response (i.e., the production of inflamma-
tory cytokines and mediators)  (30,31). The present study 
demonstrated that GlcN and other functional food materials 
(mentioned above) cooperatively suppress the IL‑1β‑induced 
IL‑8 production and the phosphorylation of p38MAPK 
(Figs. 2 and 3) (data not shown). These observations suggest 
that GlcN and other functional food materials inhibit the 
IL‑1β‑induced synovial cell activation (i.e., IL‑8 produc-
tion) possibly via the suppression of intracellular signaling 
including p38MAPK.

It is now recognized that the addition of O‑linked 
N‑acetylGlcN (O‑GlcNAc) to target proteins may modulate 
cellular functions, including nuclear transport, transcription, 
translation, cell signaling, apoptosis and cell shape (32,33). 
We previously suggested  (8) that GlcN suppressed the 
TNF‑α‑induced intercellular adhesion molecule (ICAM‑1) 
and monocyte chemoattractant protein‑1 (MCP‑1) expres-
sion in endothelial cells, possibly by downregulating the 
phosphorylation of p38 MAPK and NF‑κB via O‑GlcNAc 
modification, using an O‑GlcNAc transferase (OGT) inhib-
itor, alloxan. Thus, it is reasonable to hypothesize that GlcN 
inhibits the IL‑1β‑induced synovial cell activation (i.e., IL‑8 
production), possibly by downregulating the phosphoryla-
tion of p38 MAPK and NF‑κB via O‑GlcNAc modification. 
However, it remains unclear whether O‑GlcNAc modifica-
tion is involved in the suppression of p38 MAPK and NF‑κB 
phosphorylation by other functional food materials evaluated 
in this study.

By contrast, proteoglycan, hyaluronic acid, collagen 
peptides, olive leaf extract, red ginger extract, Boswellia serrata 
extract, devil's claw extract and curcumin did not suppress the 
IL‑1β‑stimulated IL‑8 production by MH7A cells under the 
experimental conditions of the present study (data not shown). 
Proteoglycan is reported to attenuate the progression of 
collagen‑induced arthritis by modulating immune response of 
splenocytes to collagen stimulation (17). Hyaluronic acid exerts 
the anti‑inflammatory action by inhibiting bradykinin‑induced 
arachidonic acid release from synovial fibroblasts in osteo-
arthritic inflamed joints  (18). Collagen peptides exert a 
chondroprotective action on OA by inhibiting matrix metallo-
proteinase‑13 expression and type II collagen degeneration (19). 
Olive leaf extract exhibits the anti‑arthritis effect by preventing 
the destruction of cartilage and limiting peri‑articular soft 
tissue inflammation in kaolin‑ and carrageenan‑induced 
arthritis  (21). An active substance of red ginger extract, 
6‑Gingerol, exerts its anti‑inflammatory action by reducing 
the inducible nitric oxide synthase and TNF‑α expression 
through the blocking of NF‑κB and protein kinase c signaling 
in LPS‑stimulated macrophages  (22). Boswellia serrata 

Figure 3. Effect of Met and GlcN on phosphorylation of NF‑κB p65. 
Representative western blot images of MH7A cells incubated in the absence 
(‑) or presence (+) of Met, with or without GlcN and IL‑1β. Images and quanti-
fied data are the representative of three separate experiments. NF‑κB, nuclear 
factor‑κB; Met, methionine; GlcN, glucosamine; IL‑1β, interleukin‑1β; p, 
phosphorylated.
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exhibits an anti‑inflammatory action on colonic epithelial cells 
by suppressing cytokine‑ and hydrogen peroxide‑induced acti-
vation of NF‑κB (23). Harpagophytum procumbens (devil's 
claw) suppresses the inflammatory reaction of LPS‑stimulated 
human monocytes by inhibiting the release of cytokines and 
PGE2, and the expression of COX‑2, IL‑6 and TNF‑α mRNA, 
without affecting the NF‑κB and MAPK signaling path-
ways (24). Curcumin reduces LPS‑stimulated inflammatory 
responses (NO, PGE2 and cytokine production) in the lungs of 
diabetic rats by suppressing NF‑κB activation (25). Thus, all 
the functional food materials described above are unlikely to 
exhibit anti‑inflammatory actions on IL‑1β‑induced produc-
tion of IL‑8 by synovial cells evaluated in the present study, 
although they suppress the inflammatory reactions assessed 
under other experimental conditions.

In conclusion, the present study demonstrated that a 
combination of functional food materials (Met, UC‑II, CS, 
MSM and AO) and GlcN resulted in a chondroprotective 
action on cartilage‑degenerative diseases. However, it is for 
future studies to elucidate whether the combinations of these 
functional food materials and GlcN exerts a therapeutic action 
in vivo, using animal models of OA and rheumatoid arthritis.
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