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Abstract 

In the osteoarthritis pharmacotherapy, there is a high demand to define drugs with a combined effect of cartilage degradation 
arrest and a high symptomatic relief capacity. In testing of such drugs, the C-telopeptide of collagen type II (CTX-II) is a 
suitable biomarker. In the current study, we assessed the serum fraction of CTX-II in 36 Wistar rats, 27 of which were 
injected with mono-iodoacetate in the left knee, in order to induce osteoarthritis, the remaining 9 being treated with intra-
articular saline solution (negative controls). After 3 weeks, the 27 iodoacetate-injected rats were treated with placebo (9 
animals) and meloxicam (low-dose, 0.2 mg/kg bw and high-dose, 1 mg/kg bw, 9 animals in each group) for a period of 4 
weeks. Baseline, 4th week (treatment withdrawal) and 8th (end-point) week CTX-II levels were assessed along with 
histopathological modifications in each group. With comparable baseline levels in groups II-IV (16.91-20.72 pg/mL), a 
significant decrease of CTX-II (3.08 pg/mL, p=0.007) has been observed after 4 weeks of treatment in the high-dose 
meloxicam group, followed by an increase at the end-point to values yet much lower than those detected at baseline. 
According to these results, meloxicam suppresses efficiently not only the recruitment of inflammatory cells, but also the 
breakdown of collagen type II, even 4 weeks after the end of the therapy, a fact that should be confirmed in human clinical 
studies and exploited in therapeutic schemes. 
 
Rezumat 

În medicația osteoartritei, există o cerere stringentă pentru a găsi medicamente cu efect combinat condro-protectiv și 
simptomatic. Pentru testarea acestora, telopeptidul-C, produsul catabolic al colagenului tip II (CTX-II) este un biomarker 
adecvat. În studiul curent s-a determinat CTX-II din ser, la 36 de şobolani Wistar, dintre care 27 au fost injectați în prealabil 
cu monoiodoacetat în genunchiul stâng pentru inducerea osteoartritei. Animalele injectate cu monoiodacetat au fost împărţite 
în 4 grupuri: control negativ, care a primit o injecţie cu ser fiziologic, un grup tratat cu placebo, şi două grupuri tratate cu 
meloxicam (doză mică 0,2 mg/kgcorp și doză mare 1 mg/kgcorp). La fiecare grup de animale s-a determinat CTX-II în trei 
momente diferite: la inițierea studiului, după 4 săptămâni de tratament și la 8 săptămâni de la începerea studiului (punctul 
final), în paralel cu descrierea modificărilor histopatologice. S-au observat niveluri de referință (inițiale) comparabile la cele 
trei grupuri II, III și IV (16,91 - 20,72 pg/mL), respectiv o scădere semnificativă de CTX-II (3,08 pg/mL, p = 0,007) la 4 
săptămâni, în cazul lotului cu doza mare de meloxicam, urmată de o creștere, dar numai până la valori net inferioare celor 
inițiale. Conform acestor rezultate, meloxicamul suprimă activitatea celulelor inflamatorii infiltrante, dar și degradarea 
colagenului de tip II, chiar la 4 săptămâni după sistarea tratamentului, fapt ce trebuie confirmat în cadrul unor studii clinice şi 
exploatat în protocoalele terapeutice. 
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Introduction 

Cartilage degradation is a central event of osteo-
arthritis, driven by an imbalance of metabolic 
signals and perpetuated by degradative metallo-
proteinases (MMP) [24]. Low-grade inflammation 
synovitis is maintained by the synthesis and 
secretion of pro-inflammatory mediators (cytokines: 
IL-1, IL-6, TNF-α), produced mainly by infiltrative 

macrophages and lymphocytes, which diffuse 
through the synovial fluid into the cartilage [1, 18, 22]. 
Recent therapeutic approaches, beside the disease 
modifying effects strain after down-regulation of 
degradative processes. Meloxicam, a preferential 
inhibitor of COX-2, is commonly used in the 
symptomatic treatment of osteoarthritis. Human 
studies highlighted the effectiveness and tolerance 
of the meloxicam treatment in osteoarthritis, 
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comparable to that of diclofenac, a dedicated anti-
inflammatory drug for this disease [14]. 
The pharmacokinetics of orally administered 
meloxicam shows a bioavailability of 89%, Tmax 5 
hours, and T1/2 of approximately 20 hours, the 
profile in rats most closely resembling to humans. 
Therefore, reliable clinical predictions can be made 
by extrapolation of a rodent model [7]. In treatment 
of osteoarthritis it should not be overlooked the 
drawback that some nonsteroidal anti-inflammatory 
drugs may adversely affect cartilage metabolism. 
This detrimental effect is highlighted by inhibiting 
proteoglycan synthesis through chondrocyte 
suppression. For this reason, members of the group, 
which beside the symptomatic effects, modulate 
positively the repair of extracellular matrix 
metabolism represent a real therapeutic advantage. 
There is growing evidence that meloxicam 
accomplishes this requirement: data obtained in 
vitro show a favourable effect on cartilage [5, 12]. 
Meloxicam is able to suppress directly in bovine 
chondrocytes and fibroblasts the production of 
MMP-1, MMP-2, MMP-3, MMP-9, MMP-13 [3, 9, 23]. 
de Grauw et al. found that in horses triggered by 
intraarticular injection of LPS (lipopolysaccharide), 
the general MMP activity fell along with the raise 
of collagen type II degradation products, collagen 
type II (C2C) and C-prepeptide of type II collagen 
(CPII), in only 24 hrs post-injection [11]. 
The neoepitopes C2C, type II collagen peptide 
(Coll2-1) and C-telopeptide of collagen type II 
(CTX-II) are produced by different proteolytic 
pathways of collagen type II, the latter is born 
through the action of MMP-1, -3, -7, -9, and -13 
[8]. CTX-II correlates with radiological signs and 
clinical scores of osteoarthritis, providing 
information also on disease progression [16, 19]. 
Based on these considerations, the present paper 
intends to elucidate the effect of meloxicam on 
collagen type II degradation during the treatment 
and 4 weeks after the end of the treatment, in an 
iodoacetate-induced rat osteoarthritis model. 
 
Materials and Methods 

The experimental osteoarthritic model 
This study was conducted on 36 Wistar rats of both 
sexes, aged 6 months and weighing 170 - 230 g, 
obtained from the Biobase of the UMF Tg. Mures. 
Osteoarthritis (OA) was induced chemically using 
sodium monoiodacetate – MIA (Biochemica, 
Applichem Gmbh). Rats were divided into 4 groups 
of 9 subjects each: a negative control group (I, 8 
animals survived from 9) received intra-articular 
0.9% saline solution 50 µL and three groups 
received MIA. MIA was injected into the joint 
cavity of the rats left knee, in a single dose of 4 mg, 
dissolved in 50 µL of saline solution. Intra-articular 

injection was performed under anaesthesia with 
Ketamine 10% (80 mg/kg bw) and Xylazine 1% (5 
mg/kg bw). The rats were kept in standard 
conditions (temperature of 22.5 ± 2°C and relative 
humidity of 55% ± 5%, in a 12 h light/dark cycle), 
4-5 per cage, with food and water ad libitum. All 
procedures and experimental protocols used in this 
study were in compliance with Directive 
2010/63/EU of the European Parliament and of the 
Council of 22 September 2010 on the protection of 
animals used for scientific purposes. The study was 
approved by the Ethics Committee of the University 
of Medicine and Pharmacy Târgu Mureș, Romania. 
Antiinflammatory treatment with Meloxicam 
3 weeks after MIA administration, the three groups 
with induced OA were treated as follows: Group II 
– placebo (mixture of polyethylene glycol 400 - 
PEG 400 and water 50:50); Group III - meloxicam 
administration in a dose of 0.2 mg/kg bw; Group IV 
- meloxicam in a dose of 1 mg/kg bw. Placebo and 
meloxicam solution were administered daily by 
gavage, for 4 weeks. Meloxicam was administered 
dissolved in a mixture of PEG 400: water (50:50), 
because it is insoluble in water. The use of 
meloxicam as solution facilitated its administration 
and had beneficial effects on the pharmacokinetics 
(results not shown). Finding appropiate pharmaceutical 
forms is the purpose of new researches, which focus 
on the development of patient-friendly forms, e.g. 
orodispersible meloxicam tablets for elderly patients 
[17]. The onset of osteoarthritis was confirmed in 
each group by radiological examination, which was 
performed using Univet LX 120 veterinary X-Ray 
equipment. The rats were anesthetized with ketamine 
and xylazine before the radiological assessment. 
Blood sampling 
The first series of blood sampling was performed 3 
weeks after MIA injection, before starting the drug 
treatment. A second blood sampling took place 
after 4 weeks of treatment with meloxicam, and the 
last (third) after another 4 weeks of rest, without 
treatment. Blood was drawn from the tail, being 
centrifuged for 10 minutes at 3500 rpm. The 
aliquots of serum were stored at -20 °C until the 
CTX-II assessment. 
CTX-II Assessment 
Serum concentrations of CTX-II were determined 
by a sandwich ELISA method using a commercial 
kit: Pre-Clinical Serum ELISA Cartilaps (Immuno-
diagnostic Systems Ltd, Boldon, UK). 
Histological analysis of the joints 
After the third blood sampling rats were euthanized 
with an overdose of anaesthetics administered via 
intraperitoneal injection. Their left knee joints were 
removed, containing the following parts: 2-3 mm 
from the distal femur, the joint and 2-3 mm from 
the proximal tibia. Osteoarticular samples were 
dissected free of skin or excess muscle and placed 
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in a fixation solution (formalin 4% neutral-solution) 
for 3 days and later decalcified in ethylene diamine 
tetraacetic acid (EDTA) solution for 2 days 
followed by paraffin embedding. From each sample 
serial sections of 4 µm were performed, followed 
by haematoxylin-eosin (HE) staining. Microscopic 
examination was performed by a senior pathologist 
for each study group. 
Statistical analysis 
Statistical analysis of data has been performed 
taking into consideration the small number of 
animals included. Distribution of CTX-II 
concentrations showed abnormality, and as such, we 
performed non-parametric tests in interpretation: 
the Mann-Whitney U test for between-group 
comparison and the Wilcoxon matched pairs test 
for matched data series. The threshold of 
significance was set to p = 0.05. 
 
Results and Discussion 

Histopathological modifications in the knee joint 
The control group did not show any specific 
histological modification neither at the level of 
cartilage nor at the synovial membrane level. The 
placebo group presented focal loss of hyaline 
cartilage on the articular surface with vertical 
fissures, degradation of collagen matrix along with 
appearance of small chondrocytes and focal 
necrosis with decreased metachromasia. The synovial 
membrane presented reactive changes: increased 
cellularity and multilayering of synovial cells with 
granulation tissue and moderate chronic inflammation. 
In the low-dose meloxicam group we observed 
persistence of osteoarthritic aspect in cartilage, 
without synovial changes and inflammation. The 
high-dose meloxicam group showed all histological 
signs of group III, beside these focal regenerative 
isles of cartilage and an increased level of 
metachromasia with pleiomorph chondrocytes has 
been described. 
MIA is a glycolysis inhibitor targeting glyecrin-3-
phosphate dehydrogenase (GAPDH) which 
depletes chondrocytes [4, 15]. Early histological 
changes in synovium and cartilage in a rat MIA 
model have been described by Guzman et al. 
Synovial infiltration, chondrocyte degeneration and 
necrosis in this study occurred even after the first 
day post-injection, with a maximum after 5-7 days 
[15]. All these lesions were confirmed in our 
animals; the partial regeneration of cartilage tissue 
in group IV could be produced due to the direct 
chondroprotective effect of the drug. 
Effect of meloxicam on serum concentrations of CTX-II 
In literature studies performed a priori, CTX-II 
showed a good correlation to histological severity 
scores of OA. However, in the MIA model, 
researchers found that the synovial fraction is more 

valuable than the serum one [20, 21]. In our study 
design, serum CTX-II was assessed for technical 
reasons in order to perform repeated measures. 
Similar baselines were observed in all three groups 
with OA. These values were much higher 
(approximately 63-88%, data calculated from mean, 
not shown) (Figure 1, Table I) compared to levels 
of the negative control group. 
 

 
Figure 1. 

Cross-sectional box-plot comparison of serum 
CTX-II levels between groups 

 
Table I 

Serum CTX-II values by groups, data shown as 
median (minimum-maximum) 

GROUPS Baseline 
pg/mL 

Week 4 
pg/mL 

Week 8 
pg/mL 

I (n = 8) 13.75 
(0.00 - 29.68) ND ND 

II (n = 9) 17.55 
(6.21-53.14) 

13.12 
(0.00 - 38.08) 

6.83 
(0.00 - 51.82) 

III (n = 9) 16.91 
(0.00 - 67,.6) 

10.60 
(0.00 - 63.09) 

8.74 
(0.00 - 29.68) 

IV (n = 9) 20.72 
(0.59 - 54.46) 

3.08 
(0.00 - 13.12)* 

6.83 
(0.00 - 34.20) 

ND- not determined, 
* p < 0.01 compared to baseline 
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Table II 
Significance of CTX-II variation by groups 

GROUPS 
baseline-
week 4 

baseline-
week 8 

week 4 -
week 8 

II 0.11 0.11 0.67 
III 0.31 0.05 0.67 
IV 0.007** 0.066 0.4 

Data shown as p values of Wilcoxon matched pair test, 
** p < 0.01 
 
After 4 weeks of treatment with meloxicam a 
decrease in the serum concentrations of CTX-II was 
found. For the second group (placebo) and group 
III (MXC at a dose of 0.2 mg/kg body weight), 
CTX-II concentrations were reduced to 60-65% of 
the mean, whereas group IV treated with the high-
dose of meloxicam presented a massive decrease to 
15%. 4 weeks after the end of the treatment, in the 
placebo group, as it was expected, the serum CTX-
II decrease continued to approximately 50% of the 
baseline value. The same effect could be observed 
in group III, where values fell to 41% of the initials. 
In contrast, group IV showed an increase, the final 
CTX-II concentrations reaching 29% of the baseline. 
Cartilage degradation in our study was evidenced 
by histologic analysis, in parallel with serum 
measurements of CTX-II concentrations, resulting 
from proteolysis of type II collagen. CTX-II is 
sensitive and also specific, predicting early phases 
of OA, much before MRI [10]. Three weeks after 
the MIA or physiological saline administration, 
groups with OA showed a marked increase in 
serum CTX-II as compared to the control group. 
This difference between the baselines suggests that 
in our model there was a strong cleavage of type II 
collagen. The results are consistent with those of Duclos 
et al. [13] outlining an increase of CTX-II levels 
after 3 weeks of surgically OA induction in rabbits. 
Groups II and III showed a similar decrease trend in 
CTX-II levels during treatment, suggesting that 0.2 
mg/kg meloxicam has a minimal effect on cartilage 
degradation. 
Application of high dose of meloxicam (1 mg /kg 
bw) resulted in a marked decrease of CTX-II serum 
levels after 4 weeks of administration. This 
indicates that meloxicam limited the catabolism of 
type II collagen, exerting a chondroprotective 
effect. Chondro-neutrality of meloxicam in vitro 
has been shown by Budsberg et al. [6]. Amzoiu et 
al. highlighted another chondroprotective 
mechanism of oxicams characterized by increasing 
SOD (superoxide dismutase) enzyme activity, thus 
decreasing the oxidative stress level [2]. 
After treatment cessation with high doses of 
meloxicam and four weeks after treatment end, 
CTX-II serum level increased, but was yet below 
the negative control group’s values. This could be 
due to a prolonged protective effect, sustainable 

even with very low drug concentrations or a 
“switch-off” regulatory effect on degrading 
enzymes. Prolonged action of meloxicam was 
demonstrated by Wen et al, who notified pain and 
inflammation relief even in 10 weeks after stopping 
intra-articular administration [26]. An important 
therapeutic issue for nonsteroidal anti-inflammatory 
drugs (NSAIDs) in OA is the development and 
application of drugs with prolonged effect [25]. 
 
Conclusions 

The objective of this study was to monitor the 
effect of meloxicam on the knee cartilage 
degradation in an iodoacetate-triggered rat 
osteoarthritis model. We compared a low- and a 
high-dose meloxicam treated group with a placebo 
control group, and a negative control group, 
without osteoarthritis. Our data show that the 
dynamics of serum CTX-II level variations are 
similar in the low-dose and the placebo-controlled 
group. In contrast, the high-dose meloxicam 
treatment caused a spectacular fall of C-telopeptide 
within 4 weeks of treatment, followed by a 
secondary, non-significant increase after cessation, 
to values lower than those considered as normal 
reference in the study. These results confirm that in 
our rat MIA model a beneficial metabolic effect of 
meloxicam was produced, arresting the cleavage of 
collagen type II. Since at the end-point of study in 
the high-dose treatment group only a slight 
mononuclear cell infiltration could be described, 
and CTX-II values  persisted below the reference, 
we can state, that this high drug-dose was effective 
not only via inhibition of inflammatory cell 
recruitment, but also by down-regulation of 
collagen type II breakdown, probably due to matrix 
metalloproteinase inhibition. 
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