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Abstract 

Purpose: To study the therapeutic influence of meloxicam-glucosamine sulfate combination in patients 
with osteoarthritis and their effect on serum CTX-I, CTX-II, COMP and MMP-3. 
Methods: A total of 88 patients with osteoarthritis were assigned to control (n = 44) and treatment 
groups (n = 44), using the random number table method. Control group was given 7.5 mg of meloxicam, 
while treatment group received 0.5 g of glucosamine sulfate capsule in addition to meloxicam. Both 
groups were treated continuously for 8 weeks. Serum levels of C-terminal telopeptide of type I collagen 
(CTX-I), C-terminal telopeptide of type II collagen (CTX-II), cartilage oligomeric matrix protein (COMP) 
and matrix metalloproteinase-3 (MMP-3) were compared for the two groups after treatment. 
Results: Lysholm score significantly increased in the two groups after treatment. Serum CTX-I, CTX-II, 
COMP and MMP-3 in the two groups were significantly lower than before treatment, but the reductions 
were more pronounced in the treatment group (p < 0.05). During treatment, mild vomiting and pruritus of 
the skin appeared in both groups, but these were relieved after symptomatic treatment without any 
serious adverse reactions.  
Conclusion: Treatment with a combination of meloxicam and glucosamine sulfate produces significant 
beneficial effects in patients with osteoarthritis by reduction of clinical symptoms, pain relief and 
reduction of serum CTX-I, CTX-II, MMP-3 and COMP.   
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INTRODUCTION 
 
Osteoarthritis is a disease characterized by 
degeneration of the joints. It usually occurs in 
middle-aged people and elderly people aged 
over 50 years old. The disease manifests in 

swelling, pain, stiffness, and even limited 
movement of the joints, all of which greatly affect 
quality of life of the patients [1]. An important 
component of articular cartilage is glucosamine 
sulfate which has special affinity for joints [2].  
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It has been found that glucosamine sulfate 
relieves the clinical symptoms of osteoarthritis, 
significantly slows down the progress of disease, 
and can be taken safely for a long time. 
Glucosamine sulfate is also important for the 
repair and improvement of degenerated 
cartilage, and it is effective in the etiological 
treatment of osteoarthritis [3].  
 
Meloxicam is a non-steroidal enol anti-
inflammatory drug with anti-inflammatory, 
analgesic and antipyretic effects. It is a selective 
inhibitor of cyclooxygenase-2 (COX-2). It has a 
weak inhibitory effect on cyclooxygenase-1 
(COX-1), and so it has less adverse reactions in 
the digestive system [4]. However, not much is 
known about the effect of this drug on 
degenerative diseases. Therefore, the 
therapeutic effect of meloxicam combined with 
glucosamine sulfate on patients with 
osteoarthritis was investigated in the present 
study, and its effects on serum CTX-I, CTX-II, 
COMP and MMP-3 were determined. 
 
EXPERIMENTAL 
 
Subjects  
 
Eighty-eight (88) osteoarthritis patients were 
assigned to control (n = 44) and treatment 
groups (n = 44), using the random number table 
method. In the treatment group, there were 20 
male patients and 24 female patients, aged 45 to 
78 years old (mean age = 62.19 ± 3.13 years). 
The course of disease in the treatment group 
was 5 to 17 years (mean course = 7.69 ± 2.63 
years). The control group comprised 21 male 
patients and 23 female patients, with ages 
ranging from 43 to 75 years, and an average age 
of 60.27 ± 2.97 years. The course of disease in 
the control group was 5 to 17 years (mean 
course = 7.99 ± 2.17 years). There were no 
significant differences in age, sex and course of 
disease between the two groups (p > 0.05), as 
shown in Table 1. This research received 
approval from the Ethical Committee of Ganzhou 
People's Hospital, No. 17 Hongqi Avenue, 
Ganzhou City, Jiangxi Province (approval no. 
20188416), and was performed according to the 
Declaration of Helsinki promulgated in 1964, as 
amended in 1996 [5]. 
 
Table 1: Pre-treatment profile of patients (n = 44) 
 

Group Treatment 
group 

Control 
group 

Sex (male/female) 20/24 21/23 
Mean age (year) 62.19 ± 3.13 60.27 ± 2.97 
Course of disease 
(year) 7.69 ± 2.63 7.99 ± 2.17 

 

Inclusion criteria 
 
The criteria for inclusion were consistent with the 
guidelines for diagnosis and treatment of 
osteoarthritis [4]. The following patients were 
included: patients who did not undergo any other 
treatment that might affect prognosis prior to 
admission; patients who had joint pain and 
swelling; patients with a clear mind and who 
were willing to cooperate with the taking the 
treatment regimen; and those who signed 
informed consent. 
 
Exclusion criteria 
 
Subjects with obvious abnormalities in liver, 
kidney and cardiac functions; patients allergic to 
the drugs used; patients with conditions that 
cause joint pain e.g. gout and pregnancy; and 
patients with mental sickness. 
 
Treatments 
 
The control group was treated with 7.5 mg of 
meloxicam tablets (Shanghai Haling 
Biotechnology Co. Ltd, batch no. 20150118) 
twice a day. The treatment group was treated 
with glucosamine sulfate capsules (Shanxi 
Tongda Pharmaceutical Co., Ltd., batch number 
20150107) 0.5 g (two pills, 0.25 g per pill), three 
times a day, in addition to meloxicam. The two 
groups were treated continuously for 8 weeks. 
During the treatment period, drugs such as 
glucocorticoids, as well as spicy and irritant foods 
and cold water bath were prohibited. 
 
Therapeutic parameters 
 
Clinical effectiveness 
 
Lequesne index [6] was used to evaluate clinical 
symptoms, including joint pain when at rest, joint 
movement pain, tenderness, swelling, morning 
stiffness and walking ability. Different points (0 - 
23) were allotted according to the severity of 
symptoms. Lequesne index was calculated from 
the sum of 6 items in the clinical symptoms, and 
the higher the score, the more serious the 
symptoms. The clinical effectiveness of the 
patients was evaluated after treatment. 
According to the degree of improvement in 
Lequesne index, and with reference to the 
criteria for evaluation of clinical effectiveness in 
the orthopedic department [7], the treatment 
effect were classified as cured (Lequesne index 
≥ 80 %), remarkedly effective (Lequesne index ≥ 
50 %), effective (Lequesne index ≥ 25 %), or 
ineffective (Lequesne index < 25 %). Visual 
analogue score (VAS) was used to evaluate the 
degree of pain, on a 10-point scale [8]. The 
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higher the score, the more severe and intolerable 
the pain. Lysholm knee joint score [9] was used 
to evaluate motor function of the knee joint. It has 
8 indices with scores ranging from 0 to 100, and 
the higher the score is, the better the motor 
function of knee joint. 
 
Biochemical assays  
 
Fasting venous blood (5 mL) was taken in the 
morning and the levels of serum and joint fluid 
levels of CTX-I, CTX-II, COMP and MMP-3 were 
determined by enzyme linked immunosorbent 
assay (ELISA). Adverse reactions during the 
treatment were monitored in both groups. 
 
Statistical analysis  
 
The results are expressed as mean ± SD. 
Comparison between the two groups was done 
with t-test. Numerical results are displayed n (%), 
and were compared using χ2 test. SPSS17.0 
software package was used for all analyses. 
Values of p < 0.05 were assumed to indicate 
statistical significance. 
 
RESULTS 
 
Clinical effectiveness  
 
Table 2 shows that after treatment, the 
effectiveness in the treatment group (92.7 %) 
was higher than corresponding control value 
(75.0 %; p < 0.05). 
 
Therapeutic indices  
 
Before treatment, there were no significant 
differences in Lequesne index, Lysholm score 
and VAS score between the treatment and 
control patients (p > 0. 05). However, post-

treatment Lequesne index and VAS score of the 
two groups were lower than pre-treatment 
values, but were markedly less in patients in the 
treatment group (p < 0. 05). On the other hand, 
Lysholm scores were increased in both groups 
after treatment, but the increase was higher in 
the treatment group. These results are shown in 
Table 3. 
 
Serum parameters  
 
Table 4 shows that before treatment, serum 
levels of CTX-I, CTX-II, COMP and MMP-3 of 
both groups were comparable. After treatment, 
the serum CTX-I, CTX-II, COMP and MMP-3 
levels in the two groups were markedly reduced 
(p < 0.05). However, post-treatment levels of 
these parameters were significantly lower control 
group values (p < 0.05). 
 
Adverse reactions 
 
The main adverse reactions during treatment 
were gastrointestinal reactions and pruritus. The 
adverse reactions did not last long. The affected 
patients recovered without treatment. 
 
DISCUSSION 
 
Knee osteoarthritis has the highest incidence 
among all the forms of osteoarthritis. It is caused 
by knee joint degenerative diseases. The early 
stage of osteoarthritis is characterized by pain, 
stiffness, hypertrophy and limited movement. In 
the late stage of osteoarthritis, the loss of joint 
function is due to cartilage peeling, necrosis, and 
hyper-osteogenesis. It is a consequence of 
phagocytizing of degradation products by 
synovial cells, leading to release of large 
amounts of IL-1 and TNF-α into the synovial 
fluid; 

 
             Table 2: Clinical effectiveness of treatments (n, %) 
 

Group Cured Remarkably 
effective Effective Ineffective Total 

effectiveness 
Control 18(40.00) 8(17.18) 7(17.55) 12(26.67) 33(75.00) 
Treatment 34(53.33) 9(20.00) 8(17.78) 4(8.89) 55(92.73) 
χ2     2.581 
P-value     0.015 

 
      Table 3: Therapeutic indices before and after treatment (mean ± SD, n = 44) 
 

Index 
Control group Treatment group 

Before treatment After  
treatment 

Before 
treatment 

After 
treatment 

Lequesne index 13.68 ± 4.16 7.24 ± 3.42* 12.34 ± 4.67 4.78 ± 3.34*# 
Lysholm score 47.63 ± 10.34 71.46 ± 12.58* 50.07 ± 10.15 83.82 ± 11.01*# 
VAS score 7.24 ± 1.25 3.66 ± 1.07 7.09±1.16 2.35 ± 1.08*# 

      *P > 0. 05, relative to pre-treatment, #p > 0. 05, relative to control 
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Table 4: Serum CTX-I, CTX-II, COMP and MMP-3 (mean ± SD, n = 44)) 
 

Group Control group Treatment group 
Before treatment After treatment Before treatment After treatment 

CTX-I (ng/mL) 256.83 ± 98.89 137.29 ± 194.66 245.29 ± 98.76 125.68 ± 152.76*# 
CTX-II (ng/mL) 232.14 ± 215.06 209.591 ± 95.65 201.08 ± 192.46 192.681 ± 85.43*# 
COMP (μg/mL) 1.83 ± 1.98 1.351 ± 25 1.76 ± 1.54 1.15 ± 1.18*# 
MMP-3 (ng/L) 30.56 ± 6.68 22.20 ± 5.26 32.02 ± 6.80 17.88 ± 5.20*# 
*P > 0.05, relative to pre-treatment; #p > 0.05, relative to control group 
 
these affect the metabolism of chondrocytes and 
aggravate the development of the disease 
[10,11]. Due to large trauma and high cost of 
surgical treatment, non-steroidal anti-
inflammatory drugs and cartilage protectants are 
often used to treat patients with knee 
osteoarthritis.  
 
It has been shown that meloxicam and 
glucosamine sulfate can relieve pain and 
swelling in knee osteoarthritis patients through 
significant control effect on advanced cartilage 
necrosis [9]. In this study, meloxicam combined 
with glucosamine sulfate was used to treat 
osteoarthritis patients and good clinical results 
were achieved. Meloxicam is a new non-steroidal 
analgesic and anti-inflammatory drug which 
inhibits prostaglandin biosynthesis by blocking 
COX-2. Thus, it has anti-inflammatory and 
analgesic effects, and is the preferred drug for 
osteoarthroid diseases [12]. It was found that the 
adverse reactions of meloxicam were reduced, 
the tolerance was better, and it was easily 
accepted by the patients.  
 
Glucosamine sulfate slows down bone 
degradation and promotes the regeneration of 
cartilage. It inhibits the enzymes collagenase and 
phospholipase A2 which damage cartilage, and 
prevents the production of superoxide free 
radicals in injured cells [13]. Therefore, it was 
hypothesized that the combination of meloxicam 
and glucosamine sulfate could enhance anti-
oxidative stress activity and reduce damage to 
chondrocytes. The results obtained showed that 
the effectiveness in the treatment group was 92.7 
%, while the effectiveness in the control group 
was 75.0 %. This is consistent with previous 
findings [9]. 
 
There are many reports on the treatment of 
osteoarthritis using meloxicam combined with 
glucosamine sulfate, but studies on CTX-I, CTX-
II, COMP, and MMP-3 are limited. It is known 
that CTX-I is the most abundant form of collagen 
in humans, and is the only collagen in bone. It 
can be released into blood and partly into urine 
when absorbed by bone. It is derived from 
mature type I collagen which cannot be degraded 
in human body, and it directly reflects the 
degradation of collagen fibers. Thus, CTX-II is 

one of the effective indicators of the degree of 
osteoarthritis, and it is very sensitive to drug 
therapy.  
 
The strongest area of COMP immune-labeling is 
the added-value zone matrix and growth plate of 
immature articular cartilage, which is an 
important non-collagen component of cartilage. 
In a study, 115 patients with osteoarthritis were 
followed up for 5 years and it was found that 
COMP in patients with middle- and late-stage 
osteoarthritis was markedly higher than in 
patients at the initial stage. This indicates that the 
degree of joint injury in patients with 
osteoarthritis was positively correlated with the 
level of serum COMP [14]. Therefore, more and 
more attention has been paid to COMP as a 
marker of articular cartilage injury.  
 
Matrix metalloproteinase-3 (MMP-3), a protease 
that degrades extracellular matrix, is present in 
normal humans. It is involved in the degradation 
of cartilage matrix and bone resorption, and is 
highly expressed in osteoarthritis patients. In this 
study, the serum CTX-I, CTX-II COMP and 
MMP-3 levels were significantly lower after 
treatment than those before treatment. After 
treatment, joint pain, swelling and joint stiffness 
were reduced to a great extent. The results 
further indicate that glucosamine sulfate is 
beneficial in reducing serum CTX-I, CTX-II, 
COMP and MMP- 3 levels and promoting the 
regeneration of cartilage. 
 
Limitations of the study 
 
Due to the small sample size, short follow-up 
time and possible errors in the study, further 
research is needed to confirm its long-term 
effectiveness. 
 
CONCLUSION 
 
Meloxicam combined with glucosamine sulfate is 
effective in the treatment of osteoarthritis. It 
effectively reduces serum CTX-I, CTX-II, COMP 
and MMP-3 concentrations, and also relieves 
clinical symptoms such as joint pain, swelling 
and joint stiffness in patients with osteoarthritis. 
Moreover, it is not associated with any serious 
adverse reaction, indicating that the regimen is 
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beneficial in the treatment of osteoarthritis 
patients. 
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